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I N SI - BASED TRANSI STORS BY USI NG EMBEDDED
SEM CONDUCTOR LAYERS | NCLUDI NG ATOVE W TH HI GH
W(@QMM]E’N%’I RADI US BACKGRQJND 0: THE I NVENTI ON 1PCHUEL0D6/041559
NVENTIQN Ceneral l y, resent invention
mepyaeolaiianaboiifidhon of stelh HErbiE s g aooors
CéflﬂRa‘rfWE WL HIH COVARENT RADIUS

transi stor types having strai ned channel regions by
usi ng enbedded sighij / ' ldance charge
carrier nnbilityhﬁgkeﬁé C Tgﬂyggggﬁ‘ﬁf a MoSs

1.t rapep ©rarHE RVERESER! PTI ON OF THE RELATED ART The
fabrication of integrated circuits requires the
f drenailiyothe wesedt iventigerchigsniodre fomatipn oLinlegrated @it md, apregparticularly, to
given chip area according to a specified circuit

the formatioy, of diffesernd é?rsﬂsqowpeahamna Ftsﬁrqe(i Shargel rﬁﬂ‘??é by using spbddidsip@égermanium
are current rac or. conpl ex

to enhalicg chiiey FRFIcr g%bdﬁty g‘éﬁ%ﬁ%’f’% FEse 8%5“2?%”“%1?% age chi ps and

2. t *iﬁsk_:‘g?ﬁno@%ﬁrﬁﬁ%@?@*rﬁﬂhﬁs currently the nost
prom s approac [0 the superior characteristics
| MThY E8M¢afidn oF REJpAtel BfouBefeeANIfoRkati RO rlar&éQﬁlﬁlUé'fo £iRGit elements on a
and/ or cost efficiency. During the fabrication of

given cloprpfe@ xccbrding go atspaified ciowit tayows i GegerdllyOS pluerbitynd| pagyss technologies are
mllions of transistors, i.e., N-channel transistors

cuﬂenﬁsheraqﬁcqsih‘aherﬁéq for copplssirenitsy, sugh & mierpmc@ssem stpragei¢hits apd the like, CMOS
ncl udi n stalline se 0 ctor er. A MOS, )

cmoloB VTR e TG PESTE BT GURGE Hor 7o APARRe = view of psrtin

speed Lr[d?op ?&9& QJnSIRth&f Fld@p%%r@éCIC {ya rb?mi?% ﬁl {alb§ca§o no%lc rTE‘{Z]I& mteorated circuits

conpfi ses unct’i ons are
using ¢N1OE [ef:lﬁt@ﬁgyo fnilfidng bt tﬁnm gl A @Ha&eﬁﬁgm@&yd'n@ B-chfifd) @Qxﬁxstors are formed
with an inversely doped channel region di sposed
on a sligtraxe @eludifigea chydlline s@gjtoatucan dtyetrhek (0] I‘tﬁﬁslsfoﬁgi‘r&ﬂectl{/ﬁhﬁ" whether an N-
conductivity of the channel region, i.e., the drive
channe} fransistprt or @ Ryshdnidl frangisiof is ¢onedesed mgumprispsse-celled AN @inctiopssthat are formed by an
controlled by a gate el ectrode fornmed above the
mtelfa% iRl demeg) {57 = PR MY RerEY AT Hipn! feRilisposed between the
er. The conductivity of the channel

drain re On. an? ttne sogrce 1011,
ge i

on upon riation of a -conductive channel, due to

t hﬁe é\ﬂ@llchﬁ%tdf AR Rfond RO BE 'dﬁ'&e%uf}&l@ LJpQJlllty of &1@&%d&c9ve channel, is
the gate electrode, dépends on the dopant

controled g @datealetde fdri@l 456 thd EhnnOlf redifian@Bbpafatell Yhefehhah B9 a thin insulating
carriers, and, for a given extension of the channe

layer. Thgiondvciivity bfitbe thammlegdnoponioitabiondif p eakinating charmelt dve to the application of
di stance between the source and drain regions, which

an approprigie gqgtr?lépléqgf, g)dthq g)at%g\,cgﬁlg,rﬁ?éqndq ‘Eﬂ’f@? ﬁppaq.qé%@tratpqq, the mobility of the

i nat.i on lit creat]
mlor SRR “EhATA B DR B Ch Y| B e HyBhor i tocsion on e
G2k f odaNGaif QGO wiYeR! i 3RS ek N
dlstancggag (\;Jter oél %Qur% angvcg-?lg | 3[} o%on ucctllg Vlg(t? by fﬁ-%e ﬁ a9 agxrllerl] l?ngth Hence, in
combithB@ Rfth §Re8ME & hpiad %Jeﬁfnﬁf"ar&ﬁdutzth@ Behdl Qfemntﬁ@ ifatNERryer upon
transi stors. Thus, the reduction of the channe
applicdtien gf Ithe @@nighl- voltage to the gate electrode, the overall conductivity of the channel region

substantially determines the performance of MOS transistors. Thus, the reduction of the channel length, and
associated therewith the reduction of the channel resistivity, renders the channel length a dominant design

criterion for accomplishing an increase in the operating speed of the integrated circuits.
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associ ated therewith the reduction of the channe
resistivity, renders the channel |ength a dom nant
walemy@ss3sriteri on for acconpli shi ng an i ncr easeCi/nS100@041559
operq%rngmspeed of the |nte9rat
it %'s

ci P FESEE Y dPIROF” <TERIT B €1 arspipty of s
assoc1gc€mé}§vl/1fﬂQ§ hﬁg\é@gee{cﬁre%sﬁﬁ; 3 aﬁ?o ot umu roqilsé tctl% agilan gges ogtamed by steadily

assocl ate er ew ave to resse

decredsifg the chaditdl Whith Of §198 trahdhforsa VR HiafH %ﬁ)b@*ﬁtua HREEspBY is the development of
steadily decreasing the channel |ength of NC§

enhanted @haolgtiograghy a@h etchrgtja@gicpioalilabipnandireprladigiblyesqae GlrciitSeldnie@is of critical
devel opment of enhanced photolithography and etch

d‘mengff’rs’a%“é*g Pete ggfe clsptiodd P?thaﬁfdnsrs@ﬁr & aciew| devies e%)?retlcmr rMereqver, highly

nts of. cri |cal NMensi on such as the gat
sonio G Bt 1 e PuEnCETgs & el maheﬁaéwldlgw% o requied i the drin
and s&@c@% ﬂs Qg prm elQ\V Gheet Qﬁr?tﬁé%ctsxgﬁﬁllwﬁ}’ b @om% 1'1a on w1nh chas:red channel

profilTes, i'n the verti Irectio
control AU, ah acﬂin[ne RHelvBical REBod FHIPRGEhclids twnleregké 'tcnth@%}% insulation layer also
source regions to provide | ow sheet and conta
repres¢n@Si @itital idésignicritet @i ivieat df ddakagk tlireft @REILI Benceadubied the channel length
controllability. In addition, the vertical |ocation of
usually Hs renrgs geraeinsothe dapthtof the deiaed sopge tepiensgrithaespess il tizt interface formed by
r al o re resents a critical design criterion in

| a
the 3, Eagen PR Aot P PR EEEB DY fe%ﬁ& é"Phrsé?i‘Efé i Ffglenaign techniques.
Accortg&qg] E[Eér ]@I.I)p?cﬁgltep eﬁla ’éalla/ r%pw%lrg’ 1oon£ aergH) ;;teﬁh&%fttﬁeééo the g8te electrode,

drain ce reg ons it
which biB 6B B1f AR& cfréﬁﬁ SR AouR¥ rdafdgs, g"ﬁ(ﬁldk eiddsBd dof R(ﬂlctlnﬁty &f th%gllged drain and
t he channel region, thereby requiring sophisticate
sourceirégring Rihilé hiGhe daMe itk GHARGINInAQGRAIW PO fuktie WM respect to the gate insulation
approaches, epitaxially grown regions are forned with
layer. 3 specified offset to the gate el ectrode, which are
referred to as raised drain and source regions,
prBv e erEads dedeewa et grticg) dpengiers, ieni gyt s ansisor,

necess1s aﬁes Fhle aﬁinB%mJ alrjl n%cis }1] hg n?vhdevggpﬁrggttn? {uégxl{( ﬁOénngelétg%)%esp ‘Icerr:lguques concerning
the abdv@ﬁl&‘r tlﬁgd ﬁf&egs% it ha§'b&:ﬁ srofnlg&l t& ngt énﬂ‘aﬂﬁe% 0%51519 cgr%géfg{q} (? he transistor
the critical dinensions, I.e e gate Iengt
elemenlshﬁ ihorAsifd it OiaSpe ABECSMillAhase BtcRda Al b Qe Bifdnnel length, thereby
possi bly the new devel opnent of highly conpl ex process
offering the hoténtjel dy actosvoe mipenfigminbeinpivoangeni thke ixtcofapdbleprithai@Svance to a future
steps, it has been proposed to al so enhance the
teclmolewawﬁe I"Vhﬁ"o"ﬂ’él’l%lﬂ PR3t dspstppstropias mptkyreS ihs tabgve efoeybtrkrgatioys associated with
device kd th cgﬂ{%e carrier mpbility in_the channe
P é@rrgo n “F 8 ORI HripfEsineetie tharee fﬂ’é‘f’ é‘B’g‘]ﬂ‘Hflf e |“r?dlﬁca“°n of the
lattice ;ut]&urp ?12&2%%{%% rr%g)?r o V{ﬂgg{aﬁ& bﬂgreggg a{rllgcl:lg 5 n(%rr}xgr%?swta ress in the v101mty of the
channet @@JHI@ ?@&)66 B OSRspoidilel s8aiR ¥QhCtinsiel QLoical wﬂlcﬁlqgshltﬁg 2 w&ﬂédr}goblhty for
many of the above process adaptatlons associ at ed
electrogiemd heless @e&bdcﬁl\@ly Ore eednipleC credtihg MRAGIB aMhis M 1O rchinn€l rl@g’i&nl iﬁ@eases the
the charge carrier nobility is the nodification of the
mobility af dl¢ciensswierriy depending onies rodgaifwde kndrdigition of the fensila Strzdm e increase in
eating tensil e or conpressive stress in the

mobiling P ol Preebtatnshvich. rlé'grnorﬁawdgecﬂr BBt e & conesponding mrese i
.eSRHO strain in
the congu%{r Bn @1 tgcg han 81 c‘Tomgrasswe %trafnl 11% tl?xe ? a?nelerf:%%mtr?agﬂgcregﬁg &16 mobility of holes,

tSIn a
therebylibﬁalvﬁﬁg the ﬁégﬁgltfbr\éﬁda}{cmg': tﬁ%r eﬁ&ﬁmé §op-¢ e%géxsﬁygs t’[ﬂgﬁlired%ction f stress or
strain in the channel regl on I ncreases t ]9

strain eRgiRBHHLOIAS, mth?@ﬂ&ﬁd:lﬁult gBRRAGH 8 Qn Qﬂrein'a@ e %%aéhnﬂr further device
direction of the tensile strain, an increase in
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nmobility of 50% or nore may be obtained, which, in
turn, may directly translate into a correspondi ng
W(i)mmmeli n the conductivi ty. On the ot her haPdT/US2006/041559
ressive stra i n_the channel region i ncrease

generatuﬁm smc% I?n a%campl SLﬁImFa smcoir ﬁx e}f eebconsbdrereg/ Ia Cﬁ ﬁlﬁw t cg S‘fnéf’ﬂnijlﬁ or material,
Whlchf 19£y @rﬂbl@r}ﬁé @ﬂn&ﬁ& Q@E‘agtoﬁm%eseglﬁco%u&&p gev‘cgsaglﬁho%{ QJ ﬁmng expensive
he i ntroduction of stress or strain engineering Nt 0
semlcdnﬂlﬁoﬁﬁ fnafk:@dh, While@lahy of iR lMeil 6dbliMEd hfhuEud tdRRRkbYmay still be used.
prom si ng approach for further
d eSonssaugathve itabps Aerrs Prepdséd ee infrodu, efxraimstiice,Sd kiitddEarmanium layer or a
.. Siiicon may De considered as a "new' type of
Slhcon@éﬁl??ftlé}‘ﬁi e (gf,loxﬁﬁleé;]aqnﬁql regigh it(bﬁeaﬁaatyrsmb‘p@prpqqi@e stress that may result in a
icatio as ower f duct or, devi ces
comsg BT oHHPoh B LIRS BRTEONE T ORe i it of sss
creatin yLr?m@EPXovrpttle éh%el"i@éuib & Eh%x%l“o} ngiicdﬂﬁ&f&t?ﬁ:akygéeyﬁade to implement the
echni ques may sti | e use Consequent It
formatid@ @FcoptPHRATE SrdsDlayertlift® Bl Evenfi®tal dndd &Elﬁ%ﬁwed@xflos technique. For instance,
silicon/germani um |l ayer or a silicon/carbon |ayer in
additiopal epigkialgrévhile tectinignesdrhverbegyi doveldpal il G@tlanehted ol te @écess flow to form the
conpressive stress that may result in a correspondi ng
germandyrp g catbonryogaging stesps lyets Rigppramiets lasetipnye ochslewitiehanh! }‘ﬁglon
the introduction of stresscreating |ayers

enhapced b
A P BRAF St FRIE Yo G O i HAYSR 5, space clemonts and the
like is %éeg EH :In aﬁé:}llﬂatt eJrJa{%r td%sujggl d‘.r%ln%ﬁ‘l% tﬂac%gn[ngl reegruo%pﬂ{ov{/ever tﬁe process of creating

formation O correspondi ng stress

the str&ORVIRThind &dgiod B&j appBids a@ﬂ@ﬁ%&@nﬁ@e& %ﬁl}] Seom &iQhefficient translation
i nstance, additional epitaxial growth techni ques have

of the dxeemnl stess @ltcoyneid uﬁhl;d:harmﬂlr@ﬁmn Hedle, laffoGet fadidiiz @8R SEgek 1nA8ns of process
to formthe germani um or carbon-containing stress
complqxiy, eiyer fhaﬁboa?a pcugsed apreach gesairippriditipnsl gressaslerswrithinghe channel region, the
chapnel re f;?n. I n other approaches, external stress

cfcienty BB By earlerhﬁrgi%ﬁ&y depy) ap [haProvRys 4d g spegifigicapsl may result in a
reduceﬂ)g@gﬁmweégn?mmpe%peo{( ki used in an attenpt to create

rain w N the channel regi on. However,
t e aRARE §poal el RAL }nGlghtgl Wi pRAJSRlddsikibls (i ErGRED @@formmc a strained
regi on by appfylng a specified external stress My
silicon/getnbreuim fap@nn MO diafiehd bditce Rdgiohy dis thdistods, Oherbih @he@¥MAERBEly strained
stress into strain in the channel region. Hence,
drain apg ﬁomrgkimp et diirxdp! stahingm tha gdimerit silitog chmnad fegion.0Tethis end, the drain and
conpl exity over the above-di scussed approach requiring
source ZgHgnt PIghrAMQY rengigion gipeplectiily F?F“ﬁsefl Hehile fhgHEPS rr@grs@rs are masked and

st S R B 5 B B OS s m
4 )
i 4L GRS L S GRIU o PROR LRy oo
entire (RGXaebc@nsi stors i s enhanced by formng a strai ned
silicon/germanium |l ayer in the drain and source
r Sigis.ongaiof enginepritg ays instisr 9f  efvedded NsemivendoGom messibly, € lespecially  of
strained drain and source regions create uni axia
sﬂlcon/seemzarqm iPrevigereas iaingd entelasqd| lpvers erehdinenal the degiradreffech.dag prpen to be a
the drain_and source regions of the PMXS

povertl el 8 BRI 42 SeriecRriyagrerd cdeast S‘IWﬁ‘r‘an?dttf?éS‘%H tums out,
howeve&‘ I ?&Q QLS of %a?n ﬁ&%bde% t}% gspecltj (3 c%ahnel F%} de en on the aﬁlgunt of lattice

COI’]% er mani um | ayer 1S"Sse

mlsmatm&ﬂ B9 Dhsi! QifcoP¥nded Eaehdl sgﬁw%df&tor I(mlp%ur;de Clh)p Elﬂ&ﬁ/germanmm a

of fers significant advantages in view of perfornance
maximga cshc@iration &f BiMubBnith oS tislenly A@6liskddUpitfal hatteRtlinfq@es is limited to
CMOS devi ce.
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Thus, strain engineering by neans of enbedded
sem conductor materials, especially of
wa@Rowossssger mani um provi ded as strai ned or reP@rR®E82006/041559

o PR e SRR £ e R S St e
d @ﬁm%ﬂz&ﬁﬁg Qfes il thaSd hCORRAS it
s PELLSUIERSR AL ARMANERG S| LhE BRI AR By i o
strammnhetr&gecflea%paﬁgurég@n,channel regi ons depends on the

amount of lattice m snatch between the basic silicon

and vichef drizbdd€eicdedrsitatvaibére exi¢ONp@d i an Faproved technique that enables

silicon/germani um a nmaxi mum concentration of
cificicgtly efpAs STt brs ambedffe!| symisendents irantreiels.eptiile atsniay ewiding or at least

techni ques,. i s d topgirdkiipi I "So"'S
reduc”l’%@%" of r?%fﬂi‘fnab‘éve' ?t%ﬁ‘ilﬁ’r tBﬁ"&songl omer ati on may occur,
which in turn may &eay lf}ﬁm%iﬁll ﬁd stress relief
in the correspondi ctor conmpound
merthe Fdlldking proRitEDIme 8&@%{3@%& 08 inkB8orSth Bﬁbrﬂo bBvilid\basic understanding
respecti ve channel region. In view of
of sombaspeets @€ ghe rinvlesidn. S IThikl @iniremy 1strh6£rﬁexeaustszte S‘»ve’iwéve ofltht @fverdiBn. It is not
nproved techni que that enables 5 efficiently
mtend?dnte M@@t@fy KRy os eritighl slemsnteafithedeyentios et deinchircthosconvesf G firrbrgion. Is sole
| e substantially avoi ding or at |east reducing one )
P“rp°38 P R renos) 8 SRR PrbH PFOHIE drie MOENIARREY degeription that is
dlscuss-uﬂgitel' NVENTI ON The fol l owing presents a sinplified
summary of the invention in order to provide a basic
U e 43l AR brBGn Ave SBAR ASRAIGE § teRnidul Bor 'cfé%ﬁp tstl‘a(ﬁf']m spediti®d regions of a
summary i s not an exhaustive overvi ew of
crystallis\sermicdndiictor layerl i8 whidh a hllicd Misenca il d sﬂﬁﬁﬁ-lbafséd 14683, QY a lattice having
critical elements of the invention or to delineate the
a diamgpdlike latice tstmestuiran grsirgt femivondpétey compaandbavipe e s sn inoreped rtind spacing is
some concepts in a sinplified formas a prelude to the
taken %ﬁ’ﬁ%g?d%fi fa’i 18 BUBE C A PETHITIIpH ierhnplesydip senyeisenslly uged for creating strained

s R PRI PR S s o
r S r;
the an%]urg r%‘g t%{éﬁill lgféttﬁﬁjzedelﬁfr@laﬁ gll%lgllﬁég%rg 1% 2 engé’ Fthérp s\@gl{fgemtl? r«Jsf’lalLtgd 83? the limited
germadidd tdnCditrtRY itHAQ mbyDbeAsuble &AM dseh |11k&1nje1ﬂtyteht§lﬁlslﬁa %H&hh'lr &owth techniques.
and a sem conduct or conpound havi ng per se an
Therefprgr tha pegbnt istehtioncddifi@aliyng altgnatickyen gathesun, agﬁthexf atdn@¢ species may be
this purpose. A corresponding technol ogy

used thaldiat erigHisAMY nprogrsdepvilen radivewit ragecs tortes hodige ghatopisistcs withia a siicon
l'i con- based MOS

s AT S5 Bt
of nontshgonaﬂa?ﬁé% tl%fresggcﬂge! 1CQP Ba@ dm:l“g gtruc Cff‘ms‘ln nftlxﬁntra%‘rre em odla1ents of the

anong ot hers, Signi | cant Frcte

presentGRieAtRN) | B QG 8&sEPds @ Edethﬁ‘lBr JEEtRR f&%@&%ﬁtﬂl W dYardAR e the same
in currently established epitaxial growth techniques.

valencd cOmfidneirtesitivoe andigarbiiem pideke ehibit A vigifidatHy, larged Sdvkle Raatub.y
or alternatively to germanium a further atomc
sﬁ@fetdels t?raye Plastrgtive ¢mbdtlithenh afsthapswghmfrqnmaxna ltrgmsistoc devds edmprises a

va ius with respect to the bodin
substrafg ﬁ‘a?%fg’éfrefi @Ffee%a R ST elop YT Ibé“‘tgr%‘tnaﬂnﬁﬂrFeCfYSta”me structura,
oo SRS i i S 34 e

species having the same valence as silicon in the crystalline structure and having a covalent radius that is greater
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of non-silicon atons in the respective silicon-based
crystalline structure. In illustrative enbodi nents of
wo b@7psBssent i nvention, ti n (Sn) may be used aBCHENS2006/041559
as tin atons

than a%b\galegmiﬂ mus'Qb ﬁ%a}msrgubr% 2}4(%’% E\:/gr tct:l% {ranglﬁtgrg?{uae (é)fnpﬁlsg%?_]g%%ectmde formed above

the crgsﬁlmmmdag& 18504 ggslam harfle1$d801 i cantly | arger

coval ent lus. According to one illustrative

eosttine s aftfihet MBISENIRS EfodindMESH ihO Dreséht lidvaidSh, Sd Qdmiconductor device

devi ce conprises a substrate having fornmed thereon a
comprisesys ¢radtdlling scrgiemison thyethayind afist pddoni cogprsing i sttio@inkd |tinke form a first

crystalline structure. The crystalline sem conduct or
S“”“Fé?@?“EBﬁﬁFP§@§%§m§¥P@§§%thuc|ng regi on conprised of

35%1 gcrc]:%rganc Swgtr Ttxrllu I Ee alu?tﬁtgvry rgefc;xl S hgr%/slf:% gqvtaqihlgn ;ﬁg{s?hod comprises

formmlgax’kllI arkgysﬂﬂlft‘lgg 1&Hﬁuc{oﬁg&éﬂsa ér?s@aﬁhnle 3nBhia (% Cth {;ls %f mﬁcoﬁan& at least one

a alvts | Mor eover, tile
furthexdﬁiﬁh@@ecﬁ& m@ﬁﬁgsa&%vﬁengﬁ&ﬁ% tRdt RGtdaREGad aDJoUﬁ&*u ABQYVE tdnium. Moreover,
crystal line sem conductor |ayer and a strai ned channe
the methqli oomprisks osinglitiegerysmllan Gtrivate itd kgt c@din we a i 0gesi@Atregion of the
of the present invention, a sem conductor device
semicoadhisis lexsEs a crystalline seni conduct or | ayer having a

first portion rising silicon and tin to forma
first strai nedﬁﬁwmmé%m conduct or
| él‘r%ee ]éwenllg}x rﬁ%?bo &rs?ood%%e ere%(t:e 10 e%rlﬁ%vglg dre,FI(gEll;}%l(glaEaLen in \c{onjunctlon with

nent esent 1 nven
the ac&ﬁ%?xhé&%ﬁé%rlmwﬂgh hlle Refered Mateals! 1de{1]tﬁ¥1 ﬁﬁ@e&gﬂg e {va:h:
| ayer, a crystalline structure on t basis o I con
amgu@t 14-6BShertfiealll Whdwhbss-8dcAFHCVISRESH £&nRNdulEr @vice during various
covalent radius that is greater than a coval ent radius
mmﬂf@ﬁmw%mm'h formind\bsteivdapgiontih@crpsiline sen@npriosiesr ustheigsit biilicon and
crystalline structure to create strain in a first
a fuﬂhgfpsemeﬁ *@amwelge t&lﬂt IB‘P ﬂlei?éam:‘,’é‘?ﬁt'é‘@ﬁf@ 96 tibigon [ape ke an BRIesSE covalent radius
The invention nmay b e
comparl:e)('i:'i.S éerxr ma aﬁcordmgfto 1llgsﬁr%t8/e le\%? fiﬂgmf t?ems%m&&‘élg i ption
t@ mdg&@w&ﬁ Ry ey in formi
i nw\/\kisl (? hlike re eszr encc ég %&tk)ga?aﬁ Wﬁ%kﬂ%&.fﬁﬂm@&dg& in forming

a transRloL 8RR Seceitififlad Enbalie€ Biainkd GehiBSdubir reélgh ﬁPB@d’fﬂé b&xﬁ)lréséfve strain in a
show cross-sectional views of a sem conductor device

respectiyg phamgl region io aondanaefigicuthet igtratva gﬂ&dinﬁntﬁ It pidgenBinvention; and
strained region in a crystalline sem conductor |ayer
ﬁ‘gt‘fﬁ é Sctbﬁge}tlsaﬂmllugtrareﬁ eerpssagrtonal viayr aflasqmienpéusiodevichepmprising different
into. the, di anond structure of silicon and has

“a“slst%f el?‘ﬁeé‘fs B dEroR o BT PuRRLEL By r‘ﬁsaﬁr%angt ® dHflsreptaipgiiyde of strain in
sccoraAGEAN A thoh. skt SRbANEy STROMLIPIL nnof the present

I nvent1 on; gur es cal "Show
CW@&@ﬁ%ﬁ&ﬂ@éusééﬁ)t%%o Sheibs A di¥iedibRYRd zﬁl@&l&lfv@ R, Eﬂggﬁc embodiments
stages in formng a transistor device receiving an

thereof s elahestiovat syawayad ceiple GOME datvREs e gleQbrein@esclbe@ad 98l It should be
conpressive strain in a respective channel region in

under St@f@dﬁ’f""d@n dlat g deiscriptignthbrein of Spécifgterbtdinymitsgyrpbigliends todimitfthe invention to

th g resent invention; and Figure 3 schematically

e Pa”i‘ﬁ“ﬁah Episgiosed, o o tbe ckey: é*r?avtefv%wtfbfovg allemadifigatignse eayivalents, and

altematglg tlalﬁl?g w181m{1e| slsﬁfnpaq)d gc!,o];g oef the 1nvent10n as defined by the appended claims.
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W

transi stor elenents that receive a different anpunt of
tin for creating a different nmagnitude of strain in
wacaonssace with still another illustrati ve enpODURENG/041559

of the present invention. Wiile the invention is
susceptlble ﬂbﬂggkﬁgégﬁﬁgng.u§¥¢5.s"ﬁﬁ@”gggernative

O[[hgﬁ?tlv§ Qn?b%dllf;nleercx:ts &IH?ehmven B En:% dgs & 9 low e 1n erest & cl‘gn\l\@, noy all features

gs an are
of an Q&&@ rnapbe%fémhtrbnq?et @bdribed th u&h g,eélﬁ*cab&, ungdar %&% b RPRUGES that in the
that the description herein of specific enbodinents is
develdptnt iof brgnsaletlach@l énhtidtinedt i@imiefovseindpletmBntition-tgeeifiP ddclsiogllinddt be made to
forms disclosed, but on the contrary, the intention is
achievg the dejglopers [specifip gdafsi soelt 4s ompliagse with syisiemtrdatedzand| business~re1ated constraints,
alternatives falling within the spirit and scop
thht“ﬁléV%%%?l}edlﬁplagenmm naveihEy Meevapheiide appéffcéreﬁr&laﬁ SmhLaebvelopmem
effort mfl eI ggnl Ve;e( rf]i I Bu%ycgypél%gggu:‘t Igg)lullglnlg\%ﬁﬁerle%st Ve e meou(%llI ertalg

R Rtere
ordmang ski@l lu@tﬁé thyhawﬁ’é)ﬁle @:lml.ﬁt Eﬁﬁg éﬁgcﬁwgur;g’f an actu al
i'npl enentation are described in this specification. It

Wi Tk p@dentG@idfitHE wilEnoiheldecritad afh fehetheed 16 tht Bticide Yigdrap Watidus structures,
of any such actual enbodi nent, numerous

systenis gyl deviess @latscthetnatis@bdbﬂidt@ igige drewingsdorpupbsedhd expdalation only and so as to not
achi eve the devel opers' specific goals, such as

obsoutg Sierrseh dwenipt Hity 9@%1% ﬁ#al‘r %‘F éielé Yoo phoes srilled in By A eHevertheless the

constrai nt m one | enent at |
attach?d dragvhng% Hepn Slluﬁé"t”I ecge%c ibe and fxp \anl 1]|1us% ative ‘B‘B‘P%%Srgg{hé areieﬁt d?ve%tﬁg hThe words
and pl@asgseﬁégd Mgﬁ)ul@fbg q{ﬁers{a)c?%{d i g‘px%@ e Q%amng consistent with the under-

ti me-consum ng, but neverthel ess be a routine
standingNsF @Kok tebraPanl Phratel 8% Go&f skiDELinNBY MieGdht bl W& sﬂeﬂ@l @fikition of a term or
havi ng the benefit of this disclosure. The present
phrasej ipy @ d¢fingion thitlid diffipent fien tie srdinirh edl cwitdofary redaginesaiedetsod byethose skilled
attached figures. Various structures, systens and
in the /b {Fjigiendeddp be igplind by congipteyt ysagreqs the tiea of phrashleeresfy ARithestert Giat a term or
s of e natjon only and so as to_ not bsc

phrasely AP LB SRY Sx%aﬁ??aalﬁw CHPHEPRPS Y Bt P Py Sl sons, such
a spec¥apdetﬁn.lﬁ SE wgl e ﬁrgssfyrlettihr% A" fle' sgg?rycgﬁogng a %ntlosmhgnanner that dlrectly and

raw ngs-are hel'Ud escri be and expla
uneqmwck gfﬁﬁ({vﬁfei MEspEXAARnRiSn Rf thd Bn RpBSENt 1 nvention. The
and phrases used herein should be understood and
[ Iﬂeﬁiﬁemly ethe predeft iR@MEOnEoMBAILII Gin GOIASdeS tsdit-indcing nieli@nism by means of
under standing of those words and phrases by those
strained jof fdlasefl jeppicppriuctpredtruererent haging a diepondolerpd latticedesfuptnte twidyrp dfferent lattice
a termor phrase, i.,e. , a definition that is
spacing pqoipaied iy 2 mnoﬁtfflflqﬁ‘esﬂtswuw%ﬁl yAéﬁ{TV‘B‘Efls}’t e&alalflgﬁ f?ealr’f%@lsragf providing a
hos

strameg or I elaxe? 51Pc§n}3¥nnan1um getr t%.m %Pg anate 1]908{1?]1’15 0% a s1hcon lg]ase sgmlgon‘c:luctor device

consi ermor phra
prov1d&% %ff@lent-gﬁ)alﬁ ghgm%h§ﬁghnlqneasto aflto c%fr&b&ﬁm&? Ehaifce lth% charge carrier mobility,
i ntended to have a special neaning, 1.e a nmeani ng
especidily R@kin tAaR] fflads ofIgsy fivaad MOS tEaKémltdrﬁ@lvw%! t"ﬂth’é RShnidubkGEly 8n epitaxial
speci al definition will be expressly set forth in the
growthgp@essds] dugitd winchi arstrainadef rehikddistinal cenmnins daytdredy b faresl depending on the
and unequi vocal |y provides the special definition for
dﬂmﬁﬂﬁ@“ﬁ@ﬂhwor phrase. GEneraIIy, the present invention

Bt ST IELBF N GP LRl PERTH BURGU a7 GEoF JEvepal hich may
effemi‘%ﬁl]\‘@#"%}%@% g#x@l{wxﬁ q‘la{ey a %edoéﬁl&ﬂl o%%leisezt;xy gutriléges w‘%lg &ﬁéenﬂy depositing silicon,

Ié% for those of

att
silicon/germanium and the like on exposed silicon or silicon-like surfaces. For example, if a silicon/germanium
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spaci ng conpared to a non-strained silicon crystal. As
previ ously expl ai ned, the nmechani smof providing a
wareodiosssdl or rel axed silicon/germani umlayer W€HUR2006/041559
e BB 6B 2 i b AT LTt v
substaﬁt@aﬁl}‘ nt'htq U8me QiR t:qﬁmﬁéj & etiF O\quérf} ycr?@a"l]lﬁlgcq 1S o»C Igoartga? a strained
carrier nobility, especially w'thin channef regi ons of
silicor/geghinymaAaeA RCRENBinck ra NSiisthBd AR ERSaniuk6$&al may have a somewhat
techniques rely on epitaxial growh processes, during
enlargygh jlagtive sspaping agompaedto repuax aificai brystadn/ Tter differensen ih dytéde spacing of a
.. my be forned, depending on the device requirenents.
siticonygsirepipmlaveraad e tiaoy layer depsnds se fhe germgriime pringeaiedtian. Hhetsfordathe amount of
i BB AR Bl B BrShteYas et
explaiﬁ%!dell_xo%\tef,ih? c_:u%ﬂéﬁtfy%@e%sb?itami érgwtﬁ ft%hn?chx@@%l lrrémgx%goggrlmta}mrl]rg oncentration may
5!1 icon, silicon/germaniumand the like on expo_se8
range Sip |t<!> @fPfox@hatef) 125-311%'3 -WHete® §ngxé’1‘_%%§oentﬁ§5n %A IRy _rés_txlt % a germanium
silicon/germanium ayer ' dep i | ri cSrysM Weilicon
conglomgxptien, whibtein $irh ingyoraduly ér aEiirdased et Fatetdnd HBY relaati§Talg ihidlly strained
.. SO0 as to have substantially the sanme |attice spacing
silicongermapfm ipsiefer | yi ng crystalline "tenplate" so that a
st rai ned gli | icon/germani um | ayer is formed, since an )
untiP SRR B PSR RGPl AT drsice Phtics rivgifh prd s grain may be adjusted
the BRTRMIAL SNl ar: | atlj. in 0 red to ure. .
e i con Cryé éﬁg ﬁﬂﬁ%g s%%n?l ?alen?}gl% %rclg‘ﬁ%_ P c?'fsf%m%abeggol %‘g‘“*‘&%‘ m, wherein,
in som@ ilRittali @ RRbABRARhdNAch@W¥Ethe ARHic FreSibd Un§D BorkiB¥Son g%@o@ﬁgﬁlly identical
on the germani um concentration. Therefore, the anount
to silicofl orggemaninm etk adsieck th A cdvhlent $odding GdcEes i B RiatABAdHRY eystakirS Gtructure. In
..depends on the germani um concentration. As previously
one illgsirpiive elodimepioiive baving ajcavatent mdiystdf §.401 8 edayspivbeees @ buitgiloatbrhic species.
F %ﬂiﬁhnl-%ule‘sk a mexi mum ger nani um concentration may '
or ex eg Sl ﬁ ‘l‘v&‘gélﬁﬁYa&R‘i TAdsf >1,1’2 _ngtg@s u%@rcgg@nagom?vg}h@pnamum having a
coulefl AR 122 0 SRt BRI o (ool i i B3 ppeoponte 0 coste o
signifidafitfy’ &ﬁ%@ 18Rt SfdmalcRl i@ the tdhi’é?engeei&x%@a?elnpﬁdﬁg %Jt\pe%n ilicon and tin is
initially strained silicon/germanium /| ayer. ceor i ng
signifidatilyt HigheroRFR4L to kHa\6eRtch@Mn radiutl 68 dilie RN E Serinidn? tatnlddEpronounced
m smat ch and thus strain naybe adjusted on the basis
effect of thenowtal) nlttices pctie smdyabd Adhicaeds winiaf fed@nd nymbearof on-silicon atoms.
coval ent radius conpared to germani um wherein, in
Conscquegithe e PRT@RipT £qngeatralien B bremrtavell bike aeuitieah xadueof appygimately 25% while

atgm.c species upder consideration is substantially
am oty g RSE T P bRl (TR PrmaLpct to a
CAYALARL, DR ARt YSbddnRnds NiRoth AR i K€ opination with tin, wi
crystal line Structur el?l o:d%l%_ggrsfg ﬂ?f“['!ﬂ t reau;g S8 MRS 9y in, without
adding bliyfgemlihal)ﬂrlngeréby %ﬁb\&ﬁing Btmofiﬁgély' BigPlegree 4P1atee rﬁ&ﬁﬁcg_ﬁm Waed significantly
as a suitable atom c species. For exanple, silicon
reducedhamnbergpf aonesiced onls. Fackixeispl@fin sbmi EmbodimBeyits ieis UG @ehplald to incorporate a
_ conbination with germani um having a coval ent radi us of
certain gmapipt oktin hipiliepicphniapgy dich poimalantgtion in additioredir pltesmrbivehit to B inbrporation of
. ma e.incorporated to create a significantly enlarged
tin by s of SRR S hEheeFiREe PHEDSEp i GO B Feieribefens ighikcanty contribute
toa lattgcg%%%dﬁiop %%e\ﬁ%tﬁaﬁxgzscé%mﬁgﬂggong g&iévzlib?e blgifugeln )g{é{ev\;a?a%é‘){qnﬁl C hc?ures may be

ared to erence I1nr I Us n
sufficieANSl IR MR strln BOLt T2l i RQAUNEEEE lattice mismatch and thus the degree of strain

achieved thereby. Since ion implantation is a well-established technique, which may be performed at room
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L0

effect on the overall lattice structure may be
achieved with a reduced nunber of non-silicon atons.
W(Emmsmsment |y, the germani um concentrati on mayPORURENE/041559
bel ow a critical value of approximtely 25% while

‘emp"’é?wae"’r‘?ﬁ‘éFrPéﬁ%]"*IrﬁF?”F"éés Iﬂﬁ‘@ﬁﬁ’f E*Ht%?gfgﬂh?’ |2 cOBEP Bt FERpraygn of tin may
be acc@lﬁﬁ shid i ﬁ%q/'{ e}, e%fl:%en and S t S gh].tly :lol?:al fas I‘ t ee%: Erg’m(a}l% adggonal flexibility in

ustra
proces RBRORAhOR v deblgd. IFs ex&i‘x‘h;tkt'| Q 'é&nc@hq'gioﬂ ar @B%mgl%l ? 4Wtoms/cm?, which
thereby providing a noderately high degree of lattice
may brachidvitdaby pissemiyt ferfamsd gﬁyleﬁltaﬁ@nﬁeéhquﬁe@ Ohigethatl D elfici@k  adjustment or
non-silicon atons. For exanple, in some enbodi nents,
°°ntr°1 o S‘ifasn ig & prinstpptding edicnbiniondlse Perratnandtinseyselisadie nt of

ot her techni ques such as inplantation in
ad’élfhf’ ¥°&‘ﬂ%¥ deéﬁﬂfdecieffaf"foe}elr ax b refpred tm%ﬁl%%}w%ﬁs ?ff‘hetpi“ﬁclples of the

presen %véggo%nise Ql(e 1&%Bra 0n o tcr)rf% gpecm%lhqune a?i errllg f—fdc covalen ra 1%5 SP és to create

at’ons never I can con
strain }1Q s?eclﬁ@& briERinfl ket Bhdub BNkegi&Y qpsh@\h@m &pﬁ@ﬂ&ﬁ%e@e‘i’ ' tﬁ’a@ 8ny restriction to
achi evabl e by currently used inplantation t echni ques
specifitrrynsis®@r &tHitdnedsehith isCSONRArsiRoS R delied, tdntiAdr ha¥ing 3dised drain and
| east to fine tune the lattice msmatch and thus the
source(j%qné endfe dikg; aiernonmivnded ewdless vachedpseificSestrirgoris gre explicitly set forth in the
lantation is a well-established techni que, which
d“mkﬁﬁ?mﬁﬁmﬁﬁﬁ?%ﬁﬁ%%e%?“?%Bﬁ?%ﬁftpelfcture- i Mhe
b Sre i.s{’ tolit r aph a : .
e TS A S FE R AR T PRy B ern bt Eey imvenion
will ndwﬂm%eé@h&@ linymcﬁé ée'taﬁ' £i3tre @Qghgﬁéﬁ&lﬁsdakg{wrgss 5&95}1 1 Jw%?& laQLmiconductor
t hereby providing additional flexi Ity I'n process
device 110C ftnh AR SnaaifebnAiaYy bieR. d8S iegitondubibr ®¥i8dTU0Romgtises a substrate 101, which
concentration of approximately 1020 tin atons/cnB,
may rtwmaisemh anyasppioeriagecfubsreta brecapying k eseiadrdyctqpdayen 102pth and on which circuit
| antation techniques, may enable an efficient
eleme“é?df“ﬁ‘é ESHEPRSIOSY caBacepresisiorsond e ik, may be farmedr Fos syromlti theysubstrate 101

or ,Sili on/ er n|un1t|n crystalline
may “’@feﬁea EWE semigpndugior § ftfai?%f%gaa B NPT ORE § Y TEfesent @uy insulating

substra[&iyucp Gs F:?EST 1¥k§ qhtlsﬁ)ates %gljeltnltﬁe &9& ﬁdﬁ&&ﬂ llgﬁei?‘ 165 %{h&: formed on a buried

principle e pfesent I nventi on,
insulatiof) Q8P AloB kshod). Ot fIuRLRMyHreSNES BS z’mﬁéﬁkﬁ] gheaﬂres%ﬁ‘cl fﬁ(/&lﬁ(gx is highly
covalent radius so as to create strain in a specifi
advantageops ingobingios @it 1dghiycid41¢dVIOS edfisitirs ad dre Spically dabbB&ited in advanced CMOS
appreci ated, however, that any restriction to specific
technolpgiesriagluging rtrapgiseors haging & eets lengfiyeh5%mm 9@ evkit less, the principles of the present
: transistors, bul k devices, transistors having raised
iventiog 5511 Hpepise e RiePlogpisHion A st s oF g doigipa Fgant performance

n 8? | ess such specific restrictions are
umm%em%ﬁ°a|<1§Pset forth in the detail ed description as

Wehd sexﬁ§oﬂdﬁbt&r ﬁla?erquﬁ q SﬁlIC(ﬁll HiRd cx\%tglnne s@xﬁx@gnﬁ&@o? laty& wherein the term
Figures la- 1d, and 3, further illustrative
silicon-Ba¥tigl nmtenmsersm‘od EJ‘&BmﬂérﬁB R cooiprieing kilgan With b cEHoMtrB®n of at least atomic
described in nore detail. Figure | a schematically
50%. %Ma@emg@nwcmb eeraitondicewlayfr W2 swyi reaeschl @t dopeddsdiicdic Bryer as is
at an early manufacturing stage. The sem conduct or
typma“a éiPF’ & highly Wr‘?t%’é%edaf“%% Byvingianseiyy clemsisctith:amatgdgpeth in the above

L AT LR ETE IS AR V-
a so- cali%ti GlRp Ia§er uﬁwfr‘ial tﬂescnés{aﬂiaéllnﬁﬁlgghsair:xd &@ﬁﬂgé&%ﬁé"wmﬁ&% Isf?‘e%?g Romic species

and t he or exa

such as fg&bﬁﬁlﬁrﬂ,tﬁﬁ ah@ ke MRYMAY EROQEE Blredec Ry BEH: CRNHWE b{Q substantially relaxed
substrate, such as a silicon substrate, or may

represent an insulatin
P y gPageSonl




substrate, such as an SO -1ike substrate, wherein the
sem conduct or | ayer 102 may be formed on a buried
wonewleasison | ayer (not shown). It should be appcm/cﬂisatoe/d41559

, NP 1€ resent invention hi ghly '
s A DB Rt e SRV aey S SPeth sms i combinaton
with sﬁl&ﬁ@lﬁt ﬁ‘agg 18 ra%[u?thgt sf)éu%ﬂt hX ttxﬁ@f ©! 'in%g F]ﬂqongqlugra{: ive e{nbodlment the

CMOS tec ogles I nc transistors havin
stress-In@wgg NaRf 160 maNba NEmMEN of @ﬁ&m bdABaniid Rl B, %ex@i‘n 5 iaﬁmentrauon of
present invention may also be applled to less critical
germa!app Imiag egngeofivgn B thandts, to fagpirox@iitehit 25%g wililsd gnGentraion of tin may range from
Si ini fi cant performance i ncrease may be achi eved. The
appro hedhdiret %rsomfawpd@@ms rhagermerman enfentaep b spleeidd to be well below 25%,
talline sen1conduc wherein the ter
for ins{gi il ‘§'lﬁ° IS & TP LonfeRs s a??&&tffgwsw e o ey 04 é(}"/ef In still other
embOdg&gﬁ]r !élé 'gtgég/(s)-ﬁﬁdcin? ?{}Er\g[oglg? ? 18 %@ﬁlﬁﬁ%p{ 911 éll? gn g{l%fa in sulbqan%ally without any
germa@l conductor | ayer 102 may represent a doped silicon
| ayer as is typically used for highly conpl ex
i Mhelyeal@dnayirepeasént & sub@antislly rélibad s horingal dmRAd-Bke Girdchireaccording to
gate length in the above specified range. A further
the CW@b@ttﬁ’Pﬁlﬁt%wadeé Pbytbft layer 1G3evhich ysdransfuggd msbe btef layenr &} ige the layer 104,
102 and represent a so-called buffer

whereip, QV%(FVC T Hifee aopnel s §pect 404 P Sratieh obifulay i@ deprading on the

Concenc&gmggp eﬁ&ﬂu%@n@ a specific atom c species 0 such as
tin, "and the Iike may gradually increase to

ah‘h@é&nﬁc@ﬁdu@t&%&ﬁ&ﬁﬁ@&' SQ(RVHQII Féu{% lfpﬁg}a&tfbﬂeél % aEc%l'dQﬂﬁgqrﬁﬁ Ele following
sS- iai i | 'bys't illiSfee ;&qgr" 104 thereon,
processahl i &fter pRYid@g® mp KibSteatedliD 1,| vehiaeh trma@ Iﬂ@re@&nommcoﬁ P&E ku®8ratedr an SOI substrate
~ conbination with silicon that has a coval ent radius
havmgthPd theyeagrtiesdaver 108 Hierthitiness of¥hichgmayden rdapted byranopiexial growth process, the
| lustrative enbodi nent, the stress-inducing | ayer 104
buffer }"ﬁéﬁ? 1%3em%yoki?6?‘7‘”§‘ékiy Brerigpa] goHh P{f}’éfismt Privhigh @ng gr ppore non-silicon species
may bﬁvgg%osgﬁdﬁv&tﬁ va%é%g%c %g%rﬁtga&% 2 F?’r%s{t%% gg &@%ggéo; %nlggiaélglg rt?le formation of

sﬂwow%&ﬂ&ﬁm Blﬁfef Qﬁrs%fn tﬁe'b@slmgerﬁl%gﬁh dEQJ?G@RB 'i—s%h wb%l%d and may be used

25% I n sone enbodi nents, e gernmani um conten
for fortAiBy thb la@er 363 Wich @6l add@iok1 Sovie |s1£ec1@£ bioMas2 s cén@iﬁer&fh%ﬁr@%ﬁ% in the buffer
1-10% while the tin content may b e selected within a
layer 193 g etherfembpdimansi trabwfey/la@r 18- % fdrmedsdn thd basis b further atomic species
enbodi nents, the stress-inducing |ayer 104 may b e
such ascignyiithseay be peogmplished By prAvidies i hydtdst(Sn¥k) aslalpgecusior Foothe epitayial growth

procs . TRE B PP oty o oA i AR P PRedppgurn P,
a§§ %{p%g%el}zﬁepgﬂﬁg ﬁlre ¥r§i£e§$l k ﬁ]lg b\%?epp%e@tlﬁj B g %(Sr;g/elsp%ng?quttlce sg'ucture may

transfterre

mcreasﬂaggi3 dévﬁte‘ﬁo&rhﬁe Badty 8Ystalif}é temPRR LI Iaydd PWEY Rfms dr BRicd %E&ﬂg%g that finally
spaci ng of the layer 104 nay di f¥er fromthat of the
the laydra g€ mayl @i2n tkefposited\g acsbstdngallg and@inéd, 8., ©laxea] se@R6MMBArURer with an
' and tin. The sem conductor device 100 as shown in
increasqd lgjtige spacing cqpapgredh togthef asiginaldatiion speciop piibmie®r W2t ot thie purpose, during the
. .foll ?WI ng Pr ocesses. After providing the substrate
epitaxia) Efﬁiwt NRRCRR (T dopiisg PRRBHRE ol FsEFe- BEPIEEise B@?“P%ﬂf @ergpnium may be

prov1de§ m co mgtﬁ g%ﬂﬁl%eesﬂ\?ﬁry ! Egh stchr rbpergs %gg;% gr%]rgs{yhoz It1he é%a?epg)al ﬁ}e layer 104.

After a ggsﬁé’& l;‘yep{hgﬁﬁﬁsls ach@@ed, the ep1tax1al growth process 105 may be discontinued and a further

epitaxial growth process may be performed so as to deposit a substantially crystalline silicon layer above the
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buffer |layer 103 may b e formed by an epitaxial growth
process 105, in which one or nore non-silicon species
W(Draqmloesmﬁposi ted with varying concentrati ons BOT/AS2006041559

‘ ﬁ"“the buffer |ayer 103. For exang the formation
yersy i G PSP R o BT ek ) BIgRGTo Uy Hismpfiiiico gposeauently deposit

sﬂlcmg ggp% a.hlc{pg&y ?eg?ngnmﬁ % vice |])e u;}rgl}qé/éﬁsoghegﬁ étﬁebslrlllos%g? glP/ ?eﬁ]ag(%c{;a })ér 104 acts as
Al Rpl oD e ObBSuent th: Aot dePositddSiherRR Slafl G1vE b HRLIRARd GhE crystalli
acﬁmlﬁ thepbufferé?%ygr 1030 fﬁmbther enﬁgdynents QHB crystatiine

structde) fvhiel rebr@yets a dfdded@ystdllBe §tanetie doraret e Mgl &ys(ﬁflhna sﬂlcon layer, such as
further atom c species such as tin, which may be

the layg 93 nptuseshently, lo yerpinalvareti ofignsile sirahnpey belgengr&eid 4) as a
precursor for the epitaxial growth process 10

WHEPE 1 ehemaistly plges ﬁlwerbw@dm dFucr 108 %asfvrm agjvanced manufacturing
stage. g@sp slg)own a errrcrzan IHne shl?éon Jfayetr %u?rglg{ Opc{l Igytfe? i%tsm accordance with the

OS|t|h f'eria
above—Ql%Eﬁb%@ QfﬁﬁQﬂap Q‘omt tEdhEx@ueSt ééfh@équcrnﬁy Ry lalyé}clr()g ae§l’uﬂgl Mtnnsm tensile strain,
deviate fromthe basic crystalline ténplate of
indicale@y£107,1itebly RfficRAtVEmdAfyih@dhé tHafe SRAGINDYiliSn tHa ddyed 1 1|ou.a Mobéover, a gate
the |l ayer 104 may then b e deposited as a
ebmﬂ@@b§ﬁahnmahkyeanMnaDmaumsﬁemwdﬂekamedyasmﬂmwbmdUa@nmg The gate
| ayer with an increased |attice spacing conpared to
electrqdg, }é/08oqa Icgplﬁtgpoq wigh the: %atesxﬁgb 1?1)gla35>f 1Q9rf@ﬁquea? éhaml zeglop:é}o w1th1n the layer

o6 S PHABE S S 5B A RS OAREe ot
of ele@IRUR ttheQ:Bangﬁl Conll%n E,@rﬁquenﬁ Qﬁeoﬁél-ancle e £ O L gc{uloqginsmtor element

with the si represents t maj orit
includ@F th Bfe BB 188 ardnhd AGink1A%SR 110 fhay %fstgﬁﬁica%tlﬂ%!ufc&ﬂ wherem the degree
| ayer thickness is achieved, the epitaxial growh
of tengile ga@slg7 b@bbervfficichtiyeadphstedamt t:d>11trb|l®d oarhel basisfoll tht lgtaxial growth process 105.
epitaxial growh process may b e perforned so as to
Conseghpilys by mgans b Sheatitersairduging: layest 1 ameffigient isgaimorpatiyge echanism may be
i e modta dl, the epitaxial

t hel
pr °V‘d§‘F B%Iﬁ%ﬁemﬁ‘ﬁ%%ég%mf%n ‘H‘“as)}hclﬁ‘éb"}sﬁﬁld‘i‘yﬁ Y& to subsequently
gl%l ltc séﬂehﬁtféﬁ% hgwsptﬁe ECOMﬂ% 1p£9’ (tc Pq%gr? Qc%o P ogltl? a?no{her illustrative
I a axe

ul rement s erein e substan 'y re
embodgngaﬁt BGHRch@8myPesSivd/ shid |nla§' BEh &M iRh SpeciESEGUS Quyytalluktﬁﬁmconductor
silicon deposited thereon may have substantially t
layer. IR e@ibydinal, |thensressindukGdgUiyes 104hhag be KiRgIE foafddSondhe crystalhne layer 102,
strained crystalline structure conpared to a natura
which egajncactlat ¢ prestallinie itexplate duyieer the epifatinl grywthhpgocksa @Y, whiglR may now have been

Consequently, a certain degree of tensile strain y
configyjed s@ &Féaéf er 194 ﬁdﬁs%f FPIER é‘f?ﬁtt“}“é]& ﬁ“?‘n%dHWfs sipqq ghe crysfalline structure
of the %’ﬁeﬁl}l ac tsu&ﬁtfm%ally e:}{nte?u?edlotgm éhe l?,?lorvﬁ)él tgeer rba/ ?? %?g 1tscti1atura1 lattice spacing so

that th& Elﬁé%ﬂeélbr{]ﬁoslﬁalylbg 9'30 Iﬁ‘é’sg{‘/ebl&rgmécﬁreél&{ 'EH%QB% 130&119& Ith@ﬁ%{nhty of holes,

04 in accordance with the above-descri epl axi al
which &ﬁ}%Mahlvahtﬁg‘zbﬁhxﬂféﬁmnM&ﬁﬂidﬁﬁhéls%r ol A€bdsiBYthe chMRc1@bin i ¢ fd the gate
intrinsic tensile strain, indicated as 107, thereby
electrogf f0B.ci ent | y nodi fying t he charge carrier mobility in
the | ayer 106. Moreover, gate el ectrode 108 is
f dhHefcrapaiias tffﬁ’@ ‘Ih%y‘é‘flcelt?@ #nthoys in Fprmeatbedr ithBigwp rigmhe further

ate |ns lation | a 109 The e el ectrode 108
S R R e T A AR gs‘@vn%gfor forming. MOS
f thin th
sl vk*%fﬁ%vgébe??%*%ﬁhns GO el Bl G 22 e 1
strain 107, thereby increasing, for instance, the
mobility of electrons in the channel region 110.

Consequently, the performance of a correspondi ng
transi stor el enent Page 10 of 21
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including the gate el ectrode 108 and the channe
region 110 may be significantly enhanced, wherein the
waolegrmssssf tensile strain 107 nmay be effici ent PET/US2006/041559
ad'usted and controlled on the basis_of the epitaxial
BT ProLess gy dyt eqquyatmwf %atﬁlgwarecrhéawng the increased

St ! gss |ndyuci ng, | ayer. 104 CE latﬁce mi Cfnaéch re<}u1red for the generation of

covalegt PAPHTEL BALT RG> EHAR & ﬁ?W%%ES?“ provi

complgsgf@g fr’lieh{]lg s{raﬁlp Sals llSe e:&;‘afn@ti Q/ th '?eférg‘fc‘e % #1%&&”1491%5 eﬂmé qY §dme illustrative
106. Figure IC sc enatlca shows the sem conduct or

embodi@disC @ddi@aliyn o2 GRDKERNC & \met bpiafaAt fewthi prbdest (05 ioer techniques for
enbodi ment, in which conpressive strain nmay be

incorpgetimrtiztagehid specges.spbes diffesthn nsljmplantgion, anag bsysstda| ot xemple, an implantation
sem conductor layer. In this enbodiment, the

procesg tipag g -pietﬁmaq ngqr%ily@r for G‘lﬁta}‘ﬁﬁytl‘b alog s e Jeyptoltetierghy increasing the

sta % whi ch again acts as a
corepaf Sbrer IR BRRAHE T WE he ept t axi & gr ot h
i hlg%?ec‘ Elegc? ati Q&wg%( 11&193%1?@%@00&%@& ifr %fch %rsgglcéddfé?(i/r device 100

ayer 04 Isits grown as a substanti all
comprisks aafuaeidwéeaygecrn, 156, i GBict 1B gfid dtrate! 1081 BayBlel tohered 1O fin £ BBond device
| ayer 102 is substantially maintained within the |ayer
regionl (34, a tehed @by ckedie i 18gmdytts forakdipak stcatdt dacensls@i lagr $19, wherein the
that the channel region 110 may be a conpressivel

seconddeyigs 1egien Y68 giapbe COF%@‘rbébymm‘f?d‘ia‘P%HW@k haevhighiiay b Browdged in the form of a

ol whi ¢h f . o
resist Eag‘lfﬁ glhlﬁgxfe} %hre éc}r%i g u&or gﬁﬁl fpgqgsgé?céeldg? ang{)‘f)elmeﬁrgﬁﬁg |1 20 for introducing tin
in a lcgc?l a n.l %? eﬁﬂg %ﬁ gxg\%%ngoedﬁa g& ghgx%j &&ﬁ%ﬂe aya ff’ﬁcfitttﬁer lgyer 104 has been

|ng r'ome as s gure
formedl By thid QtAxBi1 drbwih bidCesd 16510 SlpraBOWHACkhde mlgﬁ@&aﬁéem%wkaﬁg the layer
continued on the basis of wel | - establ i shed techni ques
104 whtban In@hilt BEinMOG By dirtheSiinplagting il ik invhd Vicibiey efelsecgatele®dirode 108, the
in nore detail later on with reference to Figures
correspedifg] tin ¢otentration pipyi by ipereagqdl wherrira high doge, gestiap AQ e10y1017 dnps/cm’ may be
concentration of the atom c species havin

used tp PF@Ylé%?s‘é?fef&B\Yé‘fgé ﬁ?d“foaﬂ.%e%tywﬁw e %mg%e lpg5T Higa iTpg/implantation
parame ers o %e ?18(9 E‘dfrzﬂ %m?(rge selected on %”%ts%rbf E)Velﬂesta%)le sgnedf 81mu1at1r(]n|1 models in order to

on 0 Fessive or
obtaine'(fflglnﬂl_l ta mu \%e;g} foeguggtcmﬂﬁ§ Je;%silt: h@ HIE R 1&1@ v&llt'ﬁm tﬂ'JWH%r lbép without unduly
sSone | ustrative enbodinents, additionally or

damagitlgti@rRablaté @ 102. t he epltaX|aI growm h process 105,
ot her techniques for incorporating the atom c species,
sudier ths catnpidtions piothe aupthniatiqyl ragveat!P® rihe mesy mbtk 138 @dy bé-omoved and the
exanpl e, an inplantation process nmay be performed to

device; 199 paayescsabiected fo qufanealiEsess for Fe-carsiiging Fﬁrr@gidwempréy%ﬂle Ipgeg 104 and for

S0k R B R R RORR AT e e
the incg se!d tJn lé?lr%%ﬁ%ﬁo\{qn &Q@Qﬂl fxe éhggw}leé%& 1t15‘ean%€ Iglpégghl %&n(lyresswe strain

evi ce onprises a tirst device reg

may b¥btn&hed theid @fel%by%lls%‘é&fsiﬁgﬁmaig SrribB mbﬁﬁifaﬁénr& dle chiftle ke Brierinfdbility.

a second device region 160, a second gate el ectrode

1 I8shmay bdappfecintbetiatale dowakgritkdgabalinms isloalyiodan lliayetive nature and a

119, wherein the second device region 160 nay be
vanet;cqf\;a@pl@@ptlw @y bg q?pz’,l@rpgiafq)rmtamgstke implpntatigh PrORESHER) n@g be performed prior

provided in the f resi Mor eqver

to the §‘§ﬁ‘?tt?6 e 66t S0t db g THeos B PR e G e St exposed

portlon P tlhea aglearltlbg xrrlla} rzegel\f/eot e {ngrtez{sg(fj ¢ ncclzorrllgntg.l th still other illustrative embodiments, the

epitaxial growth process 105 may be omitted when the tin concentration incorporated by the implantation

Page 11 of 21
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in a local fashion. For exanple, in the enbodi nent
shown, it may be assuned that the | ayer 104 has been
\Vmamnmdnby the epitaxial growth process 105 aBCTnmzmmm4559
ference to Figure Ic,

e hI ,,,,,,,,,
proce -ﬁ%%’&fm@er@%gﬁff?&g&fpr aematwettw et A Ing F‘f:““’s‘t‘)?au%st‘ilc}’?hef illusiratve

emboc@% nﬁsu Elt e x1a1 gx%v@%%)lc&?h ge%o}m% L ht%e ?asm o sﬂ1c¥n and génlglz?mum and the

Spon

1mplarﬁ§ﬂ§ Sx‘ageﬁsa]bb A8y Mecbt@ ldcglﬁl ﬁ%ﬁ&g tm %ﬁ! ﬁfex@byaprgkhcg& adrﬁ’éiﬁs for ﬁne tuning
such as 10 16 to 1017 ions/cm 2 may be used to provid

the firallynabehrediktiny For egdinpdegl thi: KitsO4ma kecrie @&t régadnk 030, 00 nlaly E’epresent regions for

atons within the |layer 104. The |nplantat|on

dlffere]é}tafraaﬁmféypss @fnay tepregspictiffesent A0 Gginmyinwdick e Hifferew degyes of ktein is required.
asis of well-established sinulation nodels in order

For mif%“’% Brhaghly gty syigTesier Bffoélﬁlé’F ’@W@Fesswb%lfha%ﬁ F‘F‘é’l W areas, none or a

mgmﬁga% ﬁ{seldl}cl 1tn rr]nea E? Eesua%{g e 1{1 éog1c a fas su%l{ art 1ﬁ<geased degree of

amagi n
stress ngml p?éféra@:‘ﬂe tQ Enh!\tﬁ@ oﬂe%gas%egtof H0CH O%€ S(?ongeétgntlyl, E\E 1§ B& Erﬁ\&nced effect
21 may be renoved and the device may be
of theS uhxme Csb@des tRcms ad)NRdhg HeOGe8&Sedl @FKaldn€ Ty, Séathk | BJsline structure, a

damaged portions in the layer 104 and for
concergngtimtaghinvatdd Yyymplbrdetivmgehiniqaes imapbeanpregtiag pesitebcally adjat thé trein.
sites to rebuild the strained lattice in the |ayer
1 0¥ith rpfgrence ¢ Elﬁ%esﬂﬁréii derherllesirative erdimentaef thpprpsant étwention will now be
110, an eve |ncrease

st i ok Bl S T TR B B B e e PR B o sours
regxon%ﬁ%ax%ﬁ%?élg}&ntato HB c@ JJeEp%Jllcﬁx{étsﬁ%gﬁ élre %eht%ﬂangeflr

charge carrier appre0|a%ed t hat
t h:%uﬁbla\/serred@tﬁ:ﬁl[yl aﬁ&&f’s ﬁ@&@s@&mnaﬂ e Bls¥mi@fna®Rr device 200 comprising a
illustrative nature and a variety of nodifications may
substrdtee20d hmdigdenmeditherb@ra arpailianeeajcoiiduaon liget 2001 Ahd DbbtE OTIQBE represent a
120 may be performed prior to the formation of the
bulk sgla?resuéw@@tqr@aé@-mqu 18 by subpieatend j mayofave Fremedpthireon a buried
sSo t hat ntire exposed portion of the

I
msula%i@?fé’g? ‘TR Ui R eeﬂyS{aPﬁe %?B’I‘Ft’@ﬁ‘ft%r Iy 202 ?‘lrewemwonductor
layer ﬁ& I?l%g Src%)l‘eiegjgg rsﬂéon\{)gseg linqdzl e Isa%er {2@‘? m]@..}p at lea comﬁ% aaPprommately 50%

be onrtted wh I n-conce
s111con| RESAoRQ r@&ﬁgst&)ﬂ&n@ﬁ 250TR! bRt rhéﬁ@factlg‘mg Qt%éahay%e I?&)rmed in and above the
biisi i b eht for generating the desired dégree of
crystalBderserhifondidtr laldd 2624 iTh khisGtaB€ b ghtd tletibde@D$ Mey RTHAPA SRM e layer 202 and
the epitaxial growth process 105 may be perfornmed on
may bq doaptingd; piglopsd pelivdilicom ror wdatlg:eqpnamia@ma&ﬁd nialy be provided above the layer 202
npl antati on process 120 nay be used to | ocal
and mt}the FHEEES ﬂlfrﬁﬁana‘EYo%ate 19%@?%%%?08\/ #@Pw@i b aP@?a‘??éedf‘@F other approaches

the i n. .For

I
~mtor ]@xcfiﬂg £8 My aésg %nase% é\vclogl matxgxé w%%x Rrgﬁnt ITIGHIOH’&S} U&Blch 'for example,
the gaté 99&1@&%& mglﬁgbrgégxﬁ a r&ﬁacgﬁefn{ &rdﬁr%y Ezﬁ@&eﬂr&fe %hléhmg%e Plmoved in a later

may represent different die reglons,

stage oflinbfu@E@Rto sle@dcQRoRbuctit Ml bﬁenﬁ&ﬂ:ﬁ'efe&ﬁsal Feractérdds AMEeLoate electrode
in highly sensitive device regions of conplex

208 mayibe (‘appapoitated’S oy ascaprsngdiyea2S 0 stdatdpectiiAlvhcar deasnts PRIMehicl ma#y be separated
significantly reduced strain may be desirable, while,

from ﬂ}@ r$a‘F slg‘ft'@dea%oé aK 2 r@%ﬁ%d@@f@-’»mr énsiarce, thercappiesy laves 839 and the spacer 231

ey S S B e B B o AR o et sicn
dioxidel ﬁcﬁxﬁw(ﬁ%& ﬁgn e?c%tan@%ro&ng%laﬁctlg hS;Ro gé s &2 an eﬁl?af\ﬁlaorowth process for

tin ng the incre coval
the for@dtisd bdnl dndEdd8d dtiaddieRicoRinGR eI r’I‘% fiRp 23@(:19 lﬁ%ﬁ@lf&mg&/ of a material
i npl antation techni ques nay be appropriate so as to

| ocal |y adjust the strain.
Page 12 of 21
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Wth reference to Figures 2a-2d, further illustrative
enbodi nents of the present invention will now be

walemansised in nore detail in which an enbeddedPst/vatmeat1559
sem conductor material is formed in drain and source

Hhvﬁrﬁé@ﬁ%h sdiéctivityribtlisdssttgp the brapee A 1. tFor ingtohtkg @ canbination of silicon dioxide and

corresponding strain in the adjacent channel region.
silicqa;niffidecforthe linetyiddgng thegppopr 24 Gh be pifigiently yed ons e basis gRvell-established etch
reClV|evva sem conduct or device 200 conprising a substrate
P01 havi ng formed thereon a crystalline sem conduct or
l a){[ﬁg se&%ndug— Blf‘deﬁb’eb;% Esasrhg\m?lg% g(LE&a b e%ﬁ@& m%c&%a}ﬁ:e with the following
silicon substrate or an SO -4 ke su strate, 1. {he
proc&#tR SAfad nRnutdirif@iyie Ki83Gte ROT, WBKL REHAQIR advahtidd bvﬁgr bond techniques or other
i nsul ating layer (not shown) above which is forned the
methogsyof fohing p éursd iisdaivd laytroif SOBYlersuld@des akhrensiieni, dipngiscteokode 208 and
| ayer 202 may represent a S|I|con based | ayer, i.e.
the gaiy énSP‘é‘iPérlayz 9peay bstformedt depesrign jaaor awidation ifarderming a8 @ppropriate gate
a trans I stor el enmen

nsu D P T2 B Pt HET My GP Ko oA BAEBbBisEster advansed
11thoér£})(ﬁy GhdY §c£l?le£ﬂnﬂlﬁ S e{;ﬂ e d%{ﬁ%éﬁ tn? Eccln%%n%g F/ﬁﬁ)%’ell-g‘ tabli Jﬂ‘gcﬁ Jt'eﬁiges to pattern the

Stage, a gate electro
correbRY@g 12RR, tﬁ&%y%r@%e%@tgplﬁét@m@fandj@@&% Miaﬂ&ﬂ 1!1 e300, wherein, during
or any other appropriate material nay be provided
the paizonires rirdvess) hy eappidd Ryar2d0 may allebesppaticdf eflcH Msr ief¢ Baeh yed as an anti-
a gate insulation |ayer 209. It should be appreciated
refleqtipiy poatiten@RCh ﬂ?pi?roaéﬁé @a%mlelyet paslihe Bleeo rNexk; eHm@remtqmplersayrwonfonnaHy
e us g in c t|on wWth the &rese

depO?ltﬁqsl%lhtF lzslﬁls 0 q]]as%iz ﬁlce ?mlgl( ﬁw déposttlﬂré &gYB) fallowyed byt deposition of a
spaceg Q% In% a:éep \?ﬁﬁ %ﬂttten%d rbgpl a%lesgt% egch %{miess thgre{%% obtalmré% the spacer 231.

ctro e renove ate

Therdd84} Utﬁ@&(bééﬁcﬁre;l&aﬁ LOMd ﬂﬁr B2GRH gyﬁ:ﬁlb%@ m%&rtﬁeaiew&f 200 may be subjected to
enhanced el ectrical characteristics. The gate

an amgdoR@id @cheprdB8 WRYorlfermignNCaRgsitivatfdy obicsds SHRRI RYth 3Y@psulated gate
230 and respective spacer elenments 231, which may be

electrigdq?f$-at ed from the gate el ectrode 208 by a respective
liner 232. For jnstance, the capping |ayer 230 and the
sphiswr 2o §°hfmi‘fﬁ§)lybsé‘°‘¥fo% ?qng@aduetpr dviFe A Flo%ﬁlft%ﬁf édvanced manufacturmg

stage gwheelre?nfat rfecgss o1, & %é Ibﬁl 1% tgﬁne Iafé%?h com%%t?)g ﬁp t#}%gplssiédpﬁzse c&i PL, §ess 233. Next,

the d&ite Qt)@mamdsuggc%\ﬁ'ttb ﬂ?%?é&ea{tlﬁen@sr}‘oreﬂr&?m%rtf? K &evide ﬂquoxaansubsequent selective
epitaxial growh process for the formation of

epita@dYR6laR pr&ts.al PR dinSe0d, GRROpEite0Elcan@E | fadesseE NBayl b %Erf(%%?d to remove
is typically forned of a materialto the spacer 231

contafagpnty adtegeh deprodacte Goh iex@tademiaods o itleidedtr 290.0 Thal@fiernd selective epitaxial
silicon nitride for the liner 232 and the spacer 231

gro WWCBSé 286 fRY: pe mrfoynqgs‘e@:r@h ip gee Wusgrptive gmbodiment, an appropriate deposition

A S BT o Ao
precuggrcrg tg'ﬂp Gfid gﬁ!&ﬁ{g&em rgat Q%g sge%%és ﬁzﬁ/ nﬁatﬁg tsa%fe va dance as silicon and

nanu acturin

germaRRYA BGIE kiR ing ranbfﬁ&gas$de Qchlﬁlblq U@&iuO Eon%@@ l'to NG tnbi Q1§. Oftn one illustrative
forming a buried insulation layer, if SO-Iike
emboditnbyg,t thadepssitin @mbiem Siagl &k edated brethg BisB of ki G¥diiad SnB) 8o gndide a desired
the gate insulation layer 209 may be formed by
concegfeaiers 9 itip yifhia h demosition atfesphors of the pioemsyd4hgAapreaqply oxpldimd.@ypically, in
sulation material, foll owed by the deposition
selectiyp °Pd'ﬁ’“§§b°r TEHPIPSEEES. S PECR BEFRUHe SYPRPOPTFAITS, (PHEREE {YRg carier gases

and th‘:%l ?’%e, ar% %egected such that substantially no material is deposited on dielectric surfaces, such as surfaces
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l'ithography and etch techni ques may be applied in
accordance with well -established recipes to pattern

wo b@7oss3sespondi ng | ayers, thereby form ng t hePQBUS2006/041559
el ectrode 208 and the gate insulation |ayer 209,

» Of shaligil-tayet the ik thié ly@cqa ile whilng depogidasis obthihe @amp% surfaces of the

| ayer 230 may al so be patterned, which nmay have
crystallise Wy L0 rfhesby jvsiag rtfe»ﬂayae és eas(ftrﬂh’ge erpiesy W%wbstaatlﬂlaﬁatemmes the
| ayer an

crysta@t?ﬁtr&?twg Pfl’ t9e eag;ﬁgﬂ}' %rg\an Eﬁer{\ﬁ XIn gusal.lustratlfle exrrrgg(gl%nt gﬂn IﬁaT%\élal Fown within
at leas a ggﬂl&}a(lf HeFR ?!s 29? EQ(?Bet ﬂr eé Ega%)ledf IQzltelrQIV\@éj Y mitdHR1 should exhibit the

Ion of a spacer [ayer, is then patterned
same BYstARe RRIRRLADRIuE sﬁistﬁllﬁlaﬂy HERMS lattfch@ﬁ@:tgyas b basiciiénatd dfehe layer 202,
spacer 231. Thereafter, the exposed residuals of the
whichl résl@rin QB&ﬂmmchmz[temﬁdl & o themenernchef seuphive a@bﬁ(fﬂﬂﬁyatomlc species
be subjected to an anisotropic etch process 233 f
having ey prptrRsechcovalg axsivi o aiving yCopreaRbR S4° RdPaRTERTce 195 Spaiigd crystalline
encapsul ated gate el ectrod
L PP L P O DR P PGB ROy B R e g 24
fu t her. advanc ny | &5 gtetsssl d
AL RS J3RRD. PG 8 LRSS ) R 0B
gema%ﬁbsgglémaﬁ é/qgcﬁltkd REB&R 85nod-3iBicon MKk mal BesulfRiehCie acfiide SBtresponding
be subjected to any pretreatments for preparing the
strain€lE3in@6ndd0Q hadriandsip gepental sewdqtricus 28pi Canseqbntiyr wbiprately low
process. For instance, appropriate cleaning processes \
conceniw}wrb@" foeinftaeqrtin witkin fhe m@tm@moawm amtberapgs@f apecpimately 0.1-10% may
roducts from exposed surfaces t e.devi
be coqshg

red gapfo&.late for creqting. th V@ul@& thaak II%IP dﬂne&s,otg e%egosglzf% atmosphere of
the prgc €58 OZBE n,g;ﬁ?e estabq}:s:heti OI\{\,ﬁ‘le E)aesgs g sif dpon Qnrc!l(%ha alt ehb? Br[e%r[h%reatomlc species having the

an appropriate deposition atnosphere nmay
incredd&1 cgéaieﬁm&l\?shﬁ@l Rin! 8RB iRt Rdidg &dy%@fﬂraﬁﬁ}ﬂ ti@kdBl B@viding enhanced
precursor material, a ger mani um cont ai ni ng precur sor
desighBEx@ilit vhenaBélinfueREces¥ U sBiidtantian erhabéli dfgedianiarh aray de s@eidér@isinappropriate
havi ng the same val ence as silicon and germani um and
with @sphit i difienejecarivali charactzistizsl seb valednge cpaehi Qfs?l\bwp@ns vl thylike. During the
germanium In one illustrative enbodi nment,
epltare% s@mhmr«ws Ao éweenﬁﬁg?n BRSSO CHE T Gcgymay o conioled i

any aP (?Prnle\t? o EU) ex ofé}}oi\‘/’i“g ceascg 191%%!pl1%ea$prgp%19tg orlgca?tthecﬁg aBIns more closely

n-at process
to an 1 gli suéﬁc’ce ?f e aI‘QlH dysoﬁ'?:%qjegclmg & to by R lahdio a Hfffel%ﬁcl d&&iby Sehavior of tin
%’ axi al growth processes, the process paraneters,

comp%b@ﬁ gBPnaRiif S5 4bRquehtSigAQEmetdtutd, prdcye i fhe firtBér pohr&eisg @Mtk device 200.
the l'ike, are selected such that substantially no

In ott¥Bill&strhtivk embbdﬁll&pt@,Shet t@cnayrhe piowileddn the wicigitr ff arsesgn whiglchmeial silicide is to
surfaces",d!'f th f M a d -' spacers 231, while_ a

be suuseqwglqurmrﬂ wbermmaﬁlzf@’epa@h resiigse amepntd fip ﬁe@%m%yfpfq"r?é increased flexibility

stalllne | ayer 2 t here si.n
oS ST S ERI s BEYET fs
germ%utm con Sftfoarlcxl'eat?n% thzatse:l‘qlilfic tn%{uﬂ 09 Jtraﬂlh\g n%ﬂhd;&%'“@et Xm}g)gcosﬁ\é?uﬁcant restrictions

erlal ustrative' e
with Fggaregtrtl) ale sEsEEht Wit ltiBn Boces€ A% tstiR 0BG dribSIm&iks, E |ﬁﬁa1 lsBi€@SISyer may be
is to be provided as a strained material, i.e.
formddlvg topRE B ktddlined Kiloh/geratniniiid lafeher t&aﬂkowmyl&stelaﬂofmad by the epitaxial growth
structure and, thus, substantially the sane lattice
procesyPd€i ng as the basic tenpl ate of the Iayer 202, which

results in a hiphly strained materj al jFg%on du§ .
t hBigye ég a¢herpatigal ygsg?%th? SERICopdrCtar device ﬁ%Or B cqm 853&05 the epitaxia

growth process 236. Hence, the device 200 comprises a recessed strained semiconductor region 236 having a
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havi ng an increased coval ent radius, such as tin.
Consequently, due to the presence of strained
wa@eysadssi ne material, a correspondi ng strai n PET/ABR06/041559
created in a channel region 235 | ocated adjacent to
érys‘tatlﬂﬁ@stwgtgré %t‘!@g@pdm%toﬁlpeé@qn@gytvct@y Igf the ﬁ@@n—b@gfblaxeb%{,’zh Pue to the lattice

hanced c alent rad n W t h ect
sy P ) Vi AP 5 ST Iy BRI 4 gy o « sl
mhcor@%?{lh%g% %nhh}egs% st@a‘in% Xerz}?c% uﬂﬂg gﬂm%leﬁ@ 1or1: s atﬁ éb? ¥I%Vlﬁlélg an enhanced

[ I ng strai ned sem conduct terial dur
mobilfy €or @Pled Auting|thedbRWMkibh B S R8s 650. Cmsee%u,ecma |ty the@partial or complete
noderately [ ow concentration of, for instance, tin
substigmidnif gertlrgung B OSitdni O speads G R wa reglargéll dobrdent @digs swoh as tin, a significantly
approxi mately 0.1-10% may be consi dered appropriate
increapedvalpg fopthe pfgﬂu{ HE mag ag phtaippd op thsibpsis qf g cencpgation of non-silicon atoms in the
o RO oL et L BR SR R RSPOEh Shr B LG et covis
when %t %hegeﬁ'&] dx%ec n{ Eet(secfe‘t %gvels QIE %ke@%usﬁag}!pﬁgxgg nﬁe nnimlmm and/or tin

coval ent radi us, such®as tin, stan
concemahé;}mthuﬂﬂedfegigl B8 YnaP S4rPBhelidpth BRBERRY addbudVofHaRGls device requirements.
enhanced design flexibility when the influence of a
For insteHo& tirathd débbdimend statvn,Gfspeg i Mavaigtomibieny ge bem Simlen@shhance a subsequent
i nappropriate with respect to other electrica
silicidatfen rraeseser tﬂl@tﬁYcrsducisa ¢y wmwltng akrafgé regigtancen tM@govezNan upper region of the
junctions and_the |ik t he epitaxi al gromﬁ

ep“axﬁ‘}l’b &ieuy moiggal 236, d‘lﬁ‘ﬁ&té% Tesr%i?‘f\ OFYF BFViehitcB rmaéé‘ rerfPaififc germanivm

concer%ragon \Ix'/BuL'll% stq{ ovuim gl'g?e%ree of s(f?romi){; Qtlnles%g)n rTély 1n easing thf tin concentration,
appropr I ate’ exanpl e, 1 n cases, may

whlchhlﬁayaﬂﬁfe% rs'tlﬁ“b@ s1%x9ﬁc!a9tﬁ'alte§ cBlhl?areti' thla %ﬁl%eﬁﬂ&%n Qé%%r&ﬁu&ﬁé the same
an upper surface of the drain and source regions stil

amouitt Of B@inf 207 NERebst UBoWit: Ehahicdds Rk®lty idisélfctind @ﬁrob@i&ax‘éﬁ&for}oﬁetals for the
tin conpared to germani umin subsequent high

subseduentsidieidation @oqesso dies@udikbe) appredintedfthat 4ol @therappropritsi vagptiof inttlpegermanium
device 200. In other illustrative enbodinents, the tin

and/orrtigFonsentpifop i fie ragiop A Y Op FiFAiSH dBtne die@Erseding epif4xialpgrogyth process.

i d b tly, f
nEltélere? rglthg Is%agelgﬁl %%)1/ a?d tgee a%ng ?‘P% ? m8¥ bet rlce)xrﬁcm%? 6’8%%%ﬁer any implantation
procesgers _%élf&lﬁmk ﬁﬁﬁ%ﬁ‘@s%grcé Jegéﬂs b\’vﬂeh thx sﬂa&:rs(%? % Q;Q)erHﬁe Efﬁ‘lterg ons for obtaining

sui ci de, “conpar ed a correspondi ng device that woul
the dekif@ Wk prafils) | @ Rhsk bw&hloﬁhb B6hOASEREsBRE FRIBAM M 6108 a8, the spacers 231
for creating the sane anmount of strain, which may,
and thila 03p@ing layeri 269 0B bsiegnvefl iaghn tonveptidnal [woced RSquwvict may bspeet out to form
to the subsequent silicidation process. In still other
smcereﬂ#ﬁb)s@w thipigrmegiate implntagen freceses|fenphbtpining he Frauifed corariexdsferal profiling of
of the strained silicon/gernmaniumtin |ayer or the
the drqé’? $nfié‘l5‘Ffffeﬁ‘ﬁn %{Lyflﬁsr‘gﬁé‘ﬂesby the epitaxial growh
IO r . .
P(%ngesz% gh%?xatlcaﬁ lﬂg\% %%?8& ?(%Icg{)rl a%ﬂkeg %)8 %p%%yagl&ﬁ (r)r];anufi}]cturmg stage, in

C on V ce tion

Whlch% ket 25O QWstintRN P ERHSd. 28s, thdedRGibo 200 Q&nﬁﬁé‘s' £&de?BDspacer structure
conpr i ses a recessed strai HEd sem conductor r egl on 5

237, whitll infag il pthihfity sihdivieua spacek ele@hdSpata@d bl @espective liners. Moreover, a
di anond-structure of the silicon-based |ayer 202. Due

drain gng sowres fegittt PX0chapiashewifich lateeed doiet mrefile inadcodréangs) wigh device requirements.
spacing _of the crystalline structure in the, rggion 236 )

Moreqver, pgjpl @%}Fldq Rgipps &3¥ @@Ul')eafpmgii PR @6 Hragxﬁaq: fomje regions 239 and a corresponding

€SS

metal s1locr5% e x Ig:ogg matyhg "f_}) d ie} tie %a§e dﬁ:geetn oedr %8 %ﬁrlxsgqcutenggm%c%?nng regfon 235 may be

ere provi ng an énhan

comprgkgilvgys anfﬂgd dig tottﬂaestrgg 9678&&@9 by'the IeEﬁgn 3% atﬂe?é@ts@ﬁlﬁ%ﬁt@ enhancing the drive

Mor eover, due to the partl al or COfT'p
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substitution of germanium by an atom c speci es having
an enl arged coval ent radius, such as tin, a
wap@niokizsant |y i ncreased val ue for the strai n POV/URBNY6/041559
be obtained on the basis of a concentration of
curtehpiespatainy grouprradsispfa S0, whitthaayr renyesent 2 D3Banpdh fnsister. \fatieto heprgiision of the
alimt for congloneration, as is Vi ous

[ I .
o RER HEHECH kAP B i P36 R ighn fgese o the st 207
s R RIS e AL QB i
W bt dded Dfaﬂ %ghrﬂé'l]y Ee3RniliBHhe teHndnikel afdR ti @BHcbhtrdidn8f ke Qbkion 236, an
to account Tof various device requi renents. For
enhanbed SiteRiBIG), ini Brofidpethe Mead silBMY resi@VA33 eaySpemdided. For example, a highly
"overgrowt h" may have been forned to enhance a _
condugtivb giekpli siitidestndyi be ifatmed iorheprgie’d8 by redusinglile genppnivmprgntetat least in the
resultigg contact resistance. Mreover, an u

wpper RSB B Wl BTN BPTn PR TaFE PKIcoRghningly incrasing he tin
i ndi cated as A 236A, . be. provi ded, i.C v .

coneoh BT e GBP A BT BT PEET S TS e B iy tes o v

degred® fon&E‘aﬁQ{ﬁgf Hifh cgﬁvetﬂoﬁaﬂ 'pﬂ)cg_@Yes CR 6 QREidag Micbil AR W@miconductor
the tin concentration, which may, however, still be

structfrbsOMy T te Giatitidingd biRiSdh Q@13 @@ddnDinaheSdebipiC MRy bpesbiminad. URar this purpose, a
regi on produci ng the sane anount of strain 207,

correspdrging Byitagial growihpreeds ammydd ddbneedi thiihdudy therprevadicacefi appyopriate precursor
appropriate refractory netals for the subsequent | "

materig} sheheep Haiideide (PEbl e bapis ofsrhish PRy &R dsiERddrporpprafion of non-silicon

s G S BB PPl ] Sy i

i dur.| { al'. .'iic oilf §BESS.
s A UL R I ORI il i snss,

MepioRE3 $RHRMATy sHERSSirbih YeciidnhiBliewddTY sdniiidhdudtoPdevid®300 in accordance with
processes for formng drain and source regions, when

still othbreenpdinens b3 fentiaudicapgaviop Bd0aomprifenefis| tongstdr 360 and second transistor
obtaining the desired lateral profile, at |east of a

360 fyymed abofe 4 fbstidie 3P horathelbask of 8 siveliEne seperAustor fayergiOfe WVith respect to the
cases, the spacers 231 and the. capping |ayer 230, A

st VB RSB At FOMET B BB SEBHEED Rg i efrene

the coia rehtS:‘?o O 3 ahP0D %%%%E, i1h8 TR LSl ifnRerdi 2t B WELLB 850, 360 may
|Hﬁfan atioh processes tor obtaining the required

have éﬁ@mm@@& R RGRkes BOPdk lrd- ek éa{acénhtﬁergf; BdrRspRftfEngS ik G@niconductor regions
regi on defined by design rules. Figure 2d

336, B6KEMAdthet Aludtitivobalihdae (e Bioeo)) thd ¢died redions 156, 260 may n@rbe provided
advanced manufacturing stage, in which the transistor

and m26Qerply reprgipstapattiomdf]the cfyistllindrerdiconfiptes layerRe2. devi ce 200
conprises_a sidewal | spacer structure 237, whjch nma .
i ElfeuEoca3 99 o v Fighre; oy bolpamed o AREHIaET SR ARgooesS strategy as is

o S50 R g8 Y bRl eal SR BB, Ay v

transi%gg Ithl n?alyi LheREE Q#fgr@ﬁ %gx\ﬂfuaehof@%}fﬁ, Ghacd thGQY hﬁrﬁﬂf@l@ tnﬁty represent transistors at
reover, nmetal silicrde regions 238 may be fornmed on

differdnl @e Rhdbr ARG eI AGRANSRH T AFferdd Qordbdivily ©FH Fesqaamyle, fig first transistor
netal silicide region 239 nmay be formed in the gate
350 wlyeeirésede R-GBnneConsisiquehid the thfsistoc Aéhmey reprgpnioan N3Bannel transistor.
may be conpressively strained due to the strain 207
Consegpanfly, defingy cpirrapondig th PBess for emips yespacisi cpyiiges At Jegpsses to accommodate
enhanci ng the_ drjveujteMi pafflilny/ortn . .
the sepicpRdugtpr fggé?“s?{% 3&?@564, cofiREP R HOBH IR AV ERR i etch process
may to{ r% nu%rle ! cilrar'd. ml:g‘s“lc% tg c%mhfé@l QB\%}/ o i 8; tg}gJJ %hif%te%msﬁg P 6814 r€ Rimilarly, in
I’hav?ng he“i"Rer eased coval ent radi us in the region
236, a significant increase of the strain 207
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may be achi eved conpared to conventional devices
i ncl udi ng an enbedded silicon/germani um regi on.
woeeov381 by appropriately designing the ger nBOi/Us2006/041559

. apnd/or tin concentration in the region 236, an
the Sﬁgﬁﬁféﬁz?@&%iﬂ@gwwmwm epbapese frrg Of HEORFEY a1y B3 AckipYgd across the substrate

regi.ons 238 be provi ded. For _ ex l e, a highl . o
w0t e R AR ol By Ao ab BBy B f BT Rt eI g n ok
one n%ﬁﬁtop}&pé fg%l %E G, e!?e?y Q)Q/’Erg@@/hﬁé%é: ﬁﬂ%ﬂ%\% 1@&xphs%@sbmlu% tﬁl@ @orresponding

upper ‘portion 236A while neverthel ess providing
epitaxRNFGNE Pfdcdss foPfonikthrikdiRSREAicRY eYiohs366, 886, B gndiNhotit Bf germanium

concentration. Consequently, a significant gain in
and/omy@r thayroeanomporaed tolpeovidb b dbasigUstrini 3D thatey emtphrbllecwith the prirfigimance of, for
. degree of conpatibility with conventional processes .
instangeg the pegpnid; tiagsisnrBed e ather lysEwing eratodEnsniy heetie Basisdtien 37 is considered
. structures may be i ntai ned and .an additional freedg
inappropria ehaecoargsé)!maiﬁé rcrg‘S&ty gtgh 818ta gplﬁgqa?nt ?pdtram?I ﬁfogvt}bpﬁ?c’s% g%a’y b%l omlttgg. In other
cases, t%%rtt_rags‘?s%q @S’d x'ﬂ%'er%gés&@_)éll)_@éhargglq}%sﬁtop {noaccgi‘ﬁcc'al ARYce E%ioggsrﬁm a@ q static RAM

o 1 nclude t rovi sion of appropriate precudr
area, \ﬂﬂth@r[aiy Bcci G EHUSSR alnbudt $PYEHid 1D, W {4 dransiStBr 150 ﬁla)b@@h% aiPhcreased strain.
whi ch an appropriate and desired incorporation of
Nnon-osd illisgaive amladBuenian imelagaion eveds 3204ag he pdrfoons, during which the first
efficient control of the created strain substantially
transisjgr 3P igtexposesavtily ghe épfymg[rqné§gr 36@ mjap pe Werpﬁ by @ resist mask 321. During the
) segregation and crystal slips_inside the strained ) )
lmplafg"é'ﬁﬁ’ 3%% dou&edre F’@’Eﬁ“% ip3ge r F’& ar% &ﬁreg% Rerste dig) oyPoRtiipton therein,
. I - o} ) .0 [ : .
whlchiq'xﬁagé%g Zor %ge%}éééi 15\2@%%6 (!Sf t%t:f\%l Eugtq% 21? %ec%g%(g ?oﬁrrgel% t Sra ﬁg fin gegxgratmg a lattice
distortfR MoFURAEHLRIP T Sithe ¥ G conODtrSRARY b3S Sf hpfahthiith iddh&B Sbrsdi@btions may be
350 and second transistor 360 formed above a substrate
requir@ducio s dpprexilasly $0°Oftoras/ciP ysdvadl dorsehesedidnCB A thag bOfubdt@yaly amorphized
302. Wth respect to the substrate 302 and the
durings theri implaiation G20.| aeeseqBalY, an aneglapmecesy mpe bp @ediqypbdy taqse-orystallize the
previously explained with reference to the conponent

substaigy smygpliZed g ¢ SABA WIS S5 6o, Herltin g sy ormine a highly
strainelcei lc%rlsjtglts a&‘%?eg 1(’9 tﬁer}?géotng g] SAsSat co Irls%qu%%g,’ %eﬁiglg?l{éar&neé%él%&%m 307 ﬁlfiy be increased

ncapsu ga el'ectrodes _ Jace
to a vhIBE B0t GRS DA DheFaufired 26615 G GO Y YGARIor BED! PRieafier, the further
336, 336A. In other illustrative enbodi nents (not

procesSilO A )complbriig I GREIsthe Gb@ AT 3630may3@OAniiRYd BOLs H&iously described with
provi ded and may nerely represent a portion of the
refererpe pJigatel 2adl. sem conduct or | ayer 302. The device 300 as
shown in Figure 3 may be fornmed in accordance with a '
prip ety dlugiatisg eppodigents, Sie Fpnlaptatiengirgresy d3bmavie @enfiiripss without a preceding
reference tq Figures 2a-2b, erei.n oyeye t he . .
Tormaop gEiSF BEGPIS500K J06 o Pb dEn 20 A D% ggpation chived
i . i , g'tcdd%o i No.... Si4NC . .
o R A S AL ORL Lol il S s, i
engine6lidzlof (18 Bisis@F £stfaB@ LABorAlictd¥BMtefif RELSR B indphRPEteSH:QV-Shal¥el transistors,
different conductivity type. For exanple, the first
while & r‘afl®i siafmrin 3Ochamy] fegipd 6SPYVIOS araldisbhsanmnebe dasigabii Slhahis situation, the
while the transistor 360 may represent an N channe
implangatipthseiiepnesr320 @en eappied torigr, to gha fgrmefion of ay deainnd downg regiqepy wherein, in
process for formn respectiv% cayities or recesses. t
?Bﬁ%

one enedB At enaih e SRR Y OF BRI 238 8me-egsphzatgh implantation to

enhancg t’c %%Gl%?cglgg glcgpqagtslrsxtro chticfmo{omowingn’%}{ dr%% ag& polurecg ?e%iorslsl. rtco%seatnzgtly, a highly

=,
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may not require any hard masks to conpletely cover one
transistor type, while exposing the other. Simlarly,
wop®7853380 - i i 'jpfocess, an enhanced degr eePOf/US2006/041559
uniformty may be achieved across the substrate 301
selectigigigeripgnapqeantpiaitrishti neny b rebigyrg Wi adwgh g‘egéﬁef% eqnapatitilify Wity giisting process
al so, he i.ssue i onven tlonal nlques i n which
tﬁmm@ﬁ%“??%ﬁ@ﬁ??@PnFVﬁg'% ‘WH °%%ﬁ%?@?%?§ covered while

th
s a%éﬂﬁ Mtnd [X&Qnt hrl%en%érpﬁt?\ﬁ&é? armgagpﬁ% t%cgﬁ%tﬁqgrrtfesfgﬂﬁ%n% strain by means

epltaX|aI process e ral sed
of stré@BIoE Mé&%&koﬁd@@é%m&&ﬁ thaB@PAemid sFebidd, kucB @O A tha@lg greater covalent
germani um and/ or tin may be incorporated to provide a
radius"comgaAre! 'to gtrmanivm F0incordoated g0 Gt ictybtaling silivort-taged semiconductor layers,
performance of, for instance, the second transistor '
thereb3 gignifiqaptlygedieing fe rigisior dreds yadickdip orongigmesation i fattics defprsss I illustrative
b%trai 307 .is consi.dered inapprop i@%e, a, .. b iaxial
embo ‘8?".‘%@‘;36??81‘%6’6%‘?5 oY e é‘}‘ireésﬁ ooy e AT Rt e dpToPgRieg Py an epitaxia
growtlg Fr%X%"sJ‘oxP&Q g%gg)f TRy, }Pppogna %rgcﬁ.lggr m Q’laﬁtmuﬁrf ﬁx@ﬁﬁl‘?’lde ésspﬁ I) Moreover by

ansi st or ent a annel transi
incorpBrafitigl the ddkic §8Mds®F oth&UcRiquesS seh adipRatsioAtal y@ghi?%éa@e@ﬁsam engineering
whi ch may receive a reduced anount of strain 307,
may bedicbreplisiiee, thetchy sifibohighiERibiigforpegess frd paidudt Asigeased
strain. In one illustrative enbodi nent, an
i n“ihle atiatar empogimentedisclogd@bypgre B blstpévefqalynfé dhe ileyelittionu glay be modified and
h the first transistor 350 osed wh

Practwgécfbﬂlsferfwdwg PRl 3@@1%%??15@ ol e?&*%ffvn i B e et of
teachmgrs] ]herein lgor g:xam ?e §1§ é)lroac?stﬁ 2&: t fl%%tg abm)e man%ﬁ)eg'%ﬁnn})l aytdl%grent order.

he T eqgl e y I ncreasin
Furtherd}E &0 tindthticRd arta Bed8idte MGl JFRYnsir&ash $rQieﬁorfjﬁ§éuf §1@wn other than as
increase of strain due to the increased coval ent
described Gk 148 claiins bélbw.g B eth@éfbra gvident tBit te@articlilf embddintdnts @ABEI6sed above may be
efficiently. Since a high concentration in termnms of
altered ppnadifigt indrelli swdlu cadtioe nsesnsiderddowithimthy sbawe rapd)siviriieef, the invention.
such as approxi mately 1020 atons/cnB8 or even nore, the
Accordipgly, g5 Poptgtighggrepidiesinpit shiortainiBe chimsbpRFzed during t he
i mpl antation 320. Consequently, an anneal process nay
be perforned to re-crystallize the substantially
anor phi zed portion 336 on the basis of the crystalline
tenpl ate 302, thereby formng a highly strai ned
crystal structure in the region 336. As a consequence,
the initially present strain 307 may be increased to a
val ue 307A to thereby obtain the required nmobility
gain in the transistor 350. Thereafter, the further
processing for conpleting the transistors 350 and 360
may be continued as is previously described with
reference to Figures 2a-2d. In other illustrative
enbodi nents, the inplantation process 320 may be
performed wi thout a preceding formation of the regions
336, 336A, when the creation of the strain 307A
obt ai ned by a concentration achi eved by the
i nplantation 320 is considered appropriate. For
exanple, in highly sensitive device regions, a strain
engi neering on the basis of a strained sem conduct or
material may not be inappropriate for N-channel
transistors, while a "m|d" strain in the channe
region of PMOS transistors may be desirable. In this
situation, the inplantation sequence 320 may be
applied prior to the formation of any drain and source
regi ons, wherein, in
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one enbodi nent, additionally the inplantation 320 may
be perforned as a pre-anorphization inplantation to
wendvanssst he subsequent dopant introduction fopPCTAOBII06/G41559
the drain and source regions. Cbnsequently, a
hrghlyctV$ neLn' & pF&dM tCL#dShe achi eved with a high
e of conpatibility with existing process
VWHAE % Hﬁ%% substantially without grossly affecting the
N-channel transistors. As a result, the present
i nvention provides an inproved technlque for the
Lo f o methqdoyem@¥isigt r ai n by nmeans of strained or rel axed
S &Hﬁrﬁ@niﬂmfallﬁ&fs@ﬁctoa&ucﬂoﬂlayeh 404,236, a836) 1k Crystplihe @8gturs o khe basis of
sﬂtconaasﬁd tclt lgalst ongglrtﬂg Qe AL &les ki 83}’113 Ia %maleﬁtquutﬁhaggrg&%ret%n] aI Qovalent radius of
nfumis 1 ncorporated into respective crysta
gmﬂm@?@ﬁ@én based sentconductor | ayers, thereby
Siging §aﬁc&ﬁﬁtaht)ﬁe sReG it gedd b it (19K 20MROBLK 66t fegibd @10, dise335) of said
oneration and lattice defects. In illustrative
nts, the atom c species having the increased
coval ent radlus may be incorporated by an epitaxial

2. 9roWiBmed & Qﬁﬁx§1 Qrﬂ‘lel%rh @or%§ lsa3d &{rstaﬂﬁle RRPHRRbhFHs& at least one of epitaxially

growu%oslalg 81{)%)?1rancga 1d. ah 8%?} ?518 m?r ﬁtﬁsmtcr?gec:é P 8 %%dgpogﬁu&,csa% glh%)on anc% :ﬁud at least one

furthet stapbiepepir®s, such as inplantation, a h|ghly Iocallzed
strain engineering may be acconplished, thereby

offerrn h flexibili for cess and product
5. e gRiba e PR BADE SRt GuB Ao i o o
one fuirthdr la&mrcamcwe umcn# Yirst @stioh I?oesarcrmemlmo nsmydubter layed pdd redrystallizing said
if L56d A H ARk s Byl BRWakent manners
‘”“mggbégéﬁg%?b ﬁ%@g §£I|P§d fﬁg%%e a?# havi ng the
benefit of the teachi ngs herein. For exanple, the
4. Proe astoddfeden S firtied bdlﬂpnakg)ﬁrﬁnimma/sﬂt]ﬁp/@aemtrmmghtdt fh said structure and
r r I
1mpla191n% Ial% ?f] as 091 ?ﬁtlnér gg #1;1’_:(1: sFe%[egt? acgmos’h @? altr{tldétﬁ og %Iagl?p %édg‘{rﬁ region.
herern shomn, ot her than as described in the clalns

5. beﬂ‘h@\ﬁ&ethbct of ofairh h eﬁﬂﬁe@ E(ﬁn}ﬁ!ﬁhéjﬁﬁ}tanﬁr@ &hid Efﬂ@asp@ktﬁﬁrﬁtbﬂ #dmic species into a

SEmICDnﬁ%C%OI E. Y.

ts disclo
secon a%ogloglscr as o cr a evaaslecog Sral 3?09%4 mC O%cgnllcfs e%lon do% Sal ?‘I stalliEnF| semtcomg.lctor layer,

said S@@dp@almﬂe@pﬁrmtalﬂmﬁw@W\)-ent| on. Accordingly, the
protection sought herein is as set forth in the clains
bel ow. V\HAT | S CLAI NED;
£ RS0 oh C 1y ey FTRGS G AR A BTy GTOR, 2 208 above sai
crystamﬁeﬁsem&azﬁi)lqtoraaser, yéherain [saidh erysialling streptuge Brorinhd witlag |lae;er@foffset to said gate
eleotrodh [0 98k, 303l at | east one further atom c species having
a coval ént ‘radius that is greater than a coval ent
radi us of germanium and using said crystalline
7.  StThe@btisdeoficRinCs, ather cdipraing fdriidg 2 re2 (239 Adjhcentiio suid dateStectrode (108,
' 4 3 e - 2
208, 3@2}1%?1%%%9@}523 %rtto§ é%% 3% 8?32‘@2 %frﬂr%%%g: Towil ﬁn slc11§¥e%g55.
crystalline structure conprises at | east one of
epi taxigal | y gicomonBctsaledcesdopsiiy: and said at | east one

a,rc'é/rs]tglgmﬁasemlc?n%u%%?ayer?§04a{}>g qu) gx%xlngt aI ¥ s e%é lgldl%nlg Ifegl%g (3% gl)dcompr ising

silicon and at least one further atomic species having a covalent radius that is greater than a covalent radius of

germanium.

9. The semiconductor device of claim 8, further comprising:

a gate electrode (108, 208, 308) formed above said crystalline semiconductor layer (104); and
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further atom c species. 3. The nethod of claim1,
wherein formng said crystalline structure conprises
WO pphasssng said at | east one further atonm c SPET/USR06/041559
into a first yorgion of said crystalIingﬁéenicqnductor, )
| PP EROPR IERY G P 2P Uy EEeim P Gt TS RAUPIRRyrogg iy formed in a drain
and soorcy ggiah.| i ne sem conductor |ayer as a crystalline
tenplate. 4. The nethod of claim 3, further conprising
formng a silicon/germaniumcrystal in said structure
and inplanting said at |east one further atomc
10. spBe s@scohdnciatevisd of thhign 8 Whdneii satiffirss btress-ifiducing @gibitlcobiptised tin.
region. 5. The nmethod of claim 3, further conprising
i nplanting said at | east one further atom c species _
1L thg seanicy epiesr af plaifn 19 ovhstsingsaid fpsbess-indudngaesicn cemprigpspermanium.
(307A) in a second region of said crystalline
12. 2 g{ﬂa Cs?@?%f}ﬁ&cgo%rr r&g\f}ééeéfﬁ%@'_ g 6&_%‘?1‘3 0 g&%%i%%é nsgg)lntg: Ifs%irs‘l“rﬁq ’cfng Wion (335)
comprising isilfeqn apdip Fepss PReGfuthsy pivtpig specigin tvberein @ eeuesiietiop POBe atd@gt one further
atomic36)3diesAR e First Strdls- Bl HE Mgloh REJifraBH: AR AUGEOkiralidY & Tthe at Jeast one further
erein said stal.li cture is formed with a

.wher r line

womiq S mbePp e B Rt et rode (108, 208, 308).
7. The method of claim®6, further conprising formng a
recess (234) adjacent to said gate el ectrode (108,
208, 308) and forming at |east a portion (236, 336) of
said crystalline structure within said recess. 8. A
sem conduct or device, conprising: a crystalline
sem conduct or | ayer (104, 236, 336) having a first
stress-inducing region (335) conprising silicon and at
| east one further atomic species having a coval ent
radius that is greater than a coval ent radi us of
germanium 9. The sem conductor device of claimS8,
further conprising: a gate el ectrode (108, 208, 308)
forned above said crystalline sem conductor |ayer
(104); andl10, 235, 335), wherein said first
stress-inducing region is forned in a drain and source
region. 10. The sem conduct or device of claim8,
wherein said first stress-inducing region conprises
tin. 11. The sem conductor device of claim 10, wherein
said first stress-inducing region conprises gernmani um
12. The sem conductor device of claim8, further
conprising a second stress-inducing region (335)
conprising silicon and the | east one further atomc
speci es, wherein a concentration of the at | east one
further atom c species in the first stress-inducing
region is different than a concentration of the at
| east one further atom c species in the second
stress-inducing region (335).
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