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region and has a second crystallographic orientation

that differs fromthe first crystall ographic




substrate further conprises an isolation structure

Wi 50956Hdsd ateral |y between the first and seco

crystalline sem conductor regions. BRI EF DESE%TF!’%WMS”O
OF THE DRAW NGS The i nvention may be under st ood by

r eﬁ?%[u% %c}Eﬁlat{cmﬁv Ihgk Q%JAQS& ona v1 w 810 A s‘ér%lé%guctor de V\m:e lﬁcluding two

conj unc 1 on e acconp rawu n
dlffelle?we% dritdireaerpemdcier @gzp@e)ﬁwhxcy trmszkter eéqn@ww@ @Hn%inldacmdance with

illustistirehbodith @t bLse prasedtvatdgmat i cal | y show
cross-sectional views of various manufacturing stages
in formng a substrate and a sem conductor device
haVierrg 2 sehermaiealy ehowpt subsiptstoadidiiines swivhrdunte irperovith k etgivdner layer on

which\ $tRineH sfeﬂhﬁ&ﬂﬁﬁtor Iaﬁ}&}fﬂa@% x%ﬁheﬁtb& &ﬁtailﬂ g@%%@%g@ sbddnd semiconductor
rati. ure Ii" schematically

layer é’hag\:/‘\)é&a?ﬁ%g” g‘%ﬁ’i’% qlf%?frpﬁeé@tp o or dance with t he

precedi ng errbodl ments but wth at |east one third

cr Fl%ltu'@li%l écﬁlﬁ]aﬁﬁm %Qfg Q%@s&r}gtje %X\%Egnga dntgerésntahghralg buffer dlayer, a second

racteristic d| er|n rom:t I rst and
Se““CEP@F%{*Yé’& frdeap rgulatige st oG es i imssstinedy sy DOBmGTgaROter substato in
accorfiingpuwith flrfherSiaeating ¢maﬂnyntsm~§>reaencmﬁs&ns@et i onal view
of a sem conductor device including two different
types of crystalline sem conductor regions on which
t r mapss ot sheaninlls shomea fseripraducion dadesoduiam cuiowl hnufacturing stages,

wherdid & eigdided fitsy ﬂznﬁﬁhﬁdbﬂl"ﬂﬁf& %h@fmeﬁ ke the rpﬁ&ﬁ&t of' anéé&ﬁﬁ k@donductor layer by
ca S ng a
epata:gdl %IH wl n ﬁg z{t‘ilgg Hil%tal )y vw%{:rﬁn EV@{ ayer ﬁ]atﬁs s]u€ sgqueq] 15 T8 aﬁcecg n 9

V\,hl ch a strai ned sem conductor |ayer nmay be forned by
epwha»xml QO Bs AfstREbID OB ahBus 2mSBEQRGs SAE eﬁt@zﬁ%gtfﬁﬁm spcmﬁc

oSl RS I et B o the s [
ShﬂuIﬁdest@d,rhwdfﬁt et thodesaiptidarhedein obspedifr enfbadigents ifn® amadd to limit the
mven@d%rﬂ) GRNAHELS rfoxlnﬁlﬁﬁglose@ gl Qrpthla Q@d‘lyalgt Jg@ g}teln@éﬁelg ’to m&raﬁl modifications,

Iatlngf ayer is to
equ“’ﬁ?ﬁ?s PR R T Swttaﬁd PGP Pehe ’PYeP%f@taP g by the appended
caimgnbodi nents of the present invention; and Fi gures

4a-4b schematically show a sem conduct or device duri ng

vari ous manuf actur| n staes vvherel n a strai ned

first sem coM&RELD o) e\ ¥ esence of

a laeeatd e:ﬁfﬁ;ﬂﬂnﬁﬁﬂﬁflﬂl&txﬂfenﬁoayﬁ Hesbﬁfoed Bwl, afﬁ(ih@lnteﬂaﬁt‘%%lﬁsty, not a11 features
of an 9&%5‘ gngpgegnﬁtgtﬁrlo;l %)e%: dedgi{?\%\&%nsge?%e qnn\k}gmll o(g ﬁo %%e apprecxated that in the

developpamn @ ?Iiyb‘i“@l qo@alwmbpfbwt reyeebRscip e ent tiamspecfict dercipiasinwet be made to

achlewé e rdBveloﬁd@ﬂ Gﬂcélﬁ&goaﬁ m‘@&dlh ifnch AR @Qém hay.e aﬁ?ﬁﬁﬁnémwd constraints,
exa are herein

which aw){ll vary one b cgtatron t? ?nothgrh g)t%eaga& ét ﬁa%?.pglteag{ai that such a development
effort h%ﬁhébfeqwmpleh artd titkrecopkumingi it imowld hevedttiehssofe aspoaine frbdertaking for those of

ordinaB/ERIQ Gk tﬁ%it}ﬁvmgsthm;leﬂt ptengess® |imt the invention to
the particular forms disclosed, but on the contrary,

the intention is to cover all nDdIfI cations,
et padesritvegtioandl rakbedaatbed/ eish dalehde lftgha/vitthdnédﬁgﬁdae Various structures,

systens Ql'icfe (#gxéérﬂg é\:&%&%aiﬂ/fdekll&g gur}il_e &5&&%&&%&}@%&#6(:' nXtmn o%y and so as fo
not o fCWEIN'met iryenties Fitkdetgids thakre celistor tothose Blalleil fniart. Gfevertheless, the
attachedr deawah@s aife | ifvdedR | dastribd :ﬁ]dteﬁ}ﬁadl N 28l exihpids| o itetYoser Qvention. The

words 3111& pﬁa%%t ggdeh%ret Os.fhou"ilcg beglgritdurs Qod, 4n rlln?erlfr{s}t (%to:}%%&fa 12]%8]6‘? g(gmg@lt with the
undersgﬁimrgé% thageagrds Waitphq‘ai;ps bhibose skﬂled in the relevant art. No special definition of a term or

phrase, ie., a definition that is different from the ordinary and customary meaning as understood by those

skilled in the art, is intended to be implied by consistent usage of the term or phrase herein. To the extent thata



devel opment of any such actual enbodi nent, numnerous

woRee®RAat | on-speci fic decisions nmust be nad
achi eve the devel opers' specific goals, such gg US2005/018370
conpliance with systemrelated and business-rel ated

term SORRAE @' Bsted 0MRVLH sﬁé’hjﬂl me\éﬁli%’ %r P mea%g é)lkhat %ﬁ@ﬂtu?&érs%%ﬁ by skilled

to anpot her. . Mbr.eover,

artisalls, S &s%%%?eﬁmh@f\flg bE e)fﬂregsm sef forth i wca@ql@pn in a definitional manner that
directlyl andmequissilypepvidiaube syaisl dbimesastthat-esspfe.a routi ne
undertaking for those of ordinary skill in the art
having the benefit of this disclosure. The present
i nTRENTPSEH BERtion e on dissendels dlept vidielctiefegipremeseba ek evithin a first

semlcaﬁ@&thl‘ﬂ@ﬁiar o dGHRr@5. aclVRld §1468 hSlti&rl-hﬁ&H W@sth a s§66§& @éﬁﬁcoﬁ&h@mr layer is to be

T T ey
accor@l‘i@eﬁ) @s‘éﬁﬂtﬂsﬁﬂv}@ﬁtﬂl@hwwe{nth d;elmaml (STH hmdoessas e wivaih, inomn particular
embo&ﬂneﬁtb Qﬁ)ﬁh&khénkl%g rdqllirei R 0RMrst DHEVERIRE Ila?ésfor &b ?urther Iirocessmg of the

g g f %ﬁ %@ Freml cluded to descri and_ ex
ovief T 5 RS RisPegtghe irleet ety o Vet Scomgor Javer. Wih
referepggriel e alrravingh rfatesillusgite abadinnns Ot predesr inkachinh SEHD a6 Bdkscribed in
more M€ preted to have a meani ng consistent with the
under st andi ng of those words and phrases by those
skilled in the relevant art. No special definition of
a Figrenloschenpiticaip howk aerass-ctib@f] ivitivt df @ediBatindids device 100 comprising a

basic gx‘ Irafucﬁé Sl gfe ri@fnvﬁﬂﬁ ngﬂ; %ﬂ?ﬁlray eﬁz%ldmﬁ#x%f E(}ﬁ %{] Jltnp %layer 103. In

under st oo
some terab%iénqnﬁpqhe @a:d}g}pulggzﬁes 1 & Bt bq@g@@tel@fcomngeq gfr amrmtalhne semiconducior

materiph i@k & e ha’hng_{@peblhﬁi cﬁ%faﬂég’iapﬁlh adien@tiond FMNEx 2RO MO Qa?;&l% §ubstrate 101
mthcnP q;[;rcj 195’%?&9? ng §§37xgay represent a cr}ps agme ﬂlém% Fli]i)gt}éa%ﬂ%ed § ZIQ{) onentatlon or 4

(110) 9?\@@#% GO ﬂbgﬁe S’R@Falt@ﬂ prcanip ienfanrsd clotee vardergpddityafor NMOS devices and
PMOS@Nice] dedpadtivilh.| The I@@m&)ﬂifcf@ﬁéﬁvﬁée ﬁﬁtﬁnﬁl&rc&hpﬂs& g crystallmelsennconductor

atl nal . manner di
e G eRT BEap T S5 B01 Bl AR iR oo p Ry P 1031103 and 104
tnay r¢prsent e sirarongipniaiee(SOTvebspate sbamdin thmirsultting EhyerSlok) AR P ebpREknt a buried
oxide ta?& &W&ﬂ& aﬁ;ﬁ@hat?dgfe&lmeﬁﬁg ' thneﬂé AN %?e IO?r %F ?ents a crystalline

V\g first sem conduct or ayer, C
bulk s Sﬁfta&ae S| SHENOMBE SRR e SREHCR SR COCRIoD fhereot, or may be

providedaiytgdte fors of an dpdtaxiaflp gmﬁﬂsehyboimaﬂSa}@xf Wabult alda 08 Ebpreelated that the present
mventﬁo)ﬁ gsl'ﬂgfﬁgl!r’lﬁﬁ( ad!ra@ta&gﬁst \Jvh(exlfl h‘l@ E"us?@s?a%h@e@rcohﬁmt&re%)ﬁ/ li(.sracompjnses siticon, as

he diélectric region1s
e iy SETCER AR SHETH Oy TFEHE RHSe ar ithrbagiG Ty yificon. However, the

principbds O€ @8 J@Bent MY tie ﬁlay bmreSdi&Sprﬂlhad tol Yl kedicon®@BBO RO iRt is considered
qmnwhaghgh%gﬁm&Lgn§ red in the first sem conductor

ayer ftor t er proceSS|ng of the device may be
forned S|nultaneously with the dielectric region

Wt fi3 Jeﬁﬁoﬁdu&té‘rtlay&emﬂ GORsHEkEdiadd blyaﬁ/l@ffst onv\éﬂe!ﬁﬁedr c@lgr?(!‘te?@&esuch as the
er i.llustrat odi nrent s of

spe of rtcGFRBBA S e PERNETPES PS8 drE8t ABBE TR, o oo
level of éqpaxilqconcp:}t@mneanﬂ dhedibh ehrakitioddr IeI}abcgimmms tige first senuconductor layer 104 is at
least d&iir@$ By ﬁ@@dtﬂ@ﬁ&phﬁ'oﬁﬂt@iﬁn ghaSt r&a%gtgﬁ"% ?thic%%%’_éxgrg llg'sg grysrtraél)i/ne silicon

asi ¢ or handl & substra

hmm@?ﬁggﬁﬂﬁmggeﬁﬁv)E?(H%herlaI | ayer 102 and an insul ating
| ayer 103. In some enbodi nents, the handl e substrate

1 Qarnﬁﬁybapeem&m&ﬁﬁo%hl}éto? 3{;@ ri64sis,e 9(!18;0&1% laa'exylﬁg }nch méy be provided in the

sem conduct or

form oifaer tick épcdpe tiddramisdvans ﬁ@f@ne#% Reraranete, th%ﬁleq,l}@dwptl 195 may include
the laytrhaohamdios ﬁuh&tma&ﬁa $bn o¥id iasiwtand D&ilidod SR RE r4sPHBYely. The

n su

s s BB 3 Bf TR ot o0 Pou BRGE B o avers of
since these orientations provi de enhanced charge
carrier mobility for NMOS glevices and PMOS devi ces,
respectively. The sem conductor device 100 further
conprises a first crystalline sem conductor |ayer 104
fornmed above the handl e substrate 101. In the
enbodi nrent shown, the layer stack 102, 103 and 104




may represent a silicon-on-insulator (SOL) substrate

wihedoebéyidhe i nsulating [ayer 103 may represent
buried oxide |layer or any other appropriate PCIus2008/018370

di el ectric layer. Wien the handl e substrate 101

diffefeft it leﬁ 0@1&91{ Xt?dtlﬂzl)J in%%tlm}?alﬂ | 1}1(0111%(9 Qﬁc‘ Jnﬁﬁgfﬁcnvtﬁ Igoeau}c}%I gqi"c having optical

sem cond UCt or represent an

charagigrYis A ke oo Ie%aimw wéseqwfcﬁ}lpf@btaogmhx HEP. 1 brrmaskri0s having
fonnﬁhhdrﬁxan&bén)m;g DSDHhﬂmg Giﬁeﬁbﬁﬂdﬁﬁ%ﬂ%taﬂtﬁl}ﬁﬁfowesb&nd&@ﬁ& bifherRioSQf a recess to

be fopxﬁeda\ﬁ s? %g)g c{uct%rhﬁ eP E&S 1%‘ r}ontnﬁd ri)venén% 819,{; ﬂ% %ﬁr IP]S In particular

parti C u ar a eo
emboéw%éwd@f@t Iéa‘sk N &yreay ﬂf@de @0 npmrs ensnings| 1} @ Gmensiged apdymsitioned such that

the aﬂEa\sDBr_le to)v!enﬁlfg 11® G&J&ﬁoﬁﬂs Q@ﬂl@ﬁ)@;@loﬁ‘ bifdCeible (o8 arfls@atfold %xﬁﬂ bdq¥ired for forming
ol PR T Sne Brid et Mo B e e pltede |y

applied to any sem conductor nmaterial that is

c om;rp@@lrﬁ&ess ama &9 @Jﬂnﬁ\& e EicohdiBrof a%w@ido 9@5]18& ﬁ%ﬁgalle%may comprise

rcultr sem conduct or ayer
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dlelec!@ctlgﬂéll @k ma} gaefoﬁx{eg §§ @B!u!aﬁ&raﬁ@!;}'dgpog’%n‘%&%ﬁédeg’ Qie};e c?m:;Feo% tiie s@ucture of the

certal n anount
diele et af T 61 mPin e i 109, pen meovidsdintthectamnet an xide Tayer, sy e formed

by thentaDdkitming Snd/drhelydncdds dep&aRivh G@RE4EE, Qe %ygﬁsnihoénhdn&d%henucal vapor
deposlm%g%IIEc@%g ﬁ]l?edla}téy 167%%7}16 rp)/o%dgd 1|n?tgrfa holf % s&génenq L t]{a){oen T, gay ge formed by

ar exanp cry S
well-agfa I}Sbeér?ECHEWchrg%s sThe fraistemask il@rwaatbr: W‘(dlé@@‘)cmdwm( WilQ¥ell-established

photoEﬁng‘i@ﬂy RbRRestiftirdis St deSBBbCANE Yk Qhiatk @Mﬁd’r%sﬂa% étpﬁ -ofd techniques and
ed I n

o 8 U bl e b e ol R RSPt PETPRPLD tpggsd nan ST1
formafiprpprde@s?. For exanple, the dielectric |ayer 105 may
|nclude the layers 106 and 107 in the formof a
%ICO oxi de |layer and a silicon nitride |ayer,
re 5%% Srappticay shovg s werpideety dowre §gn ﬁévﬂwroaﬂvanwd manufacturing
stage.C Ogrsgreiconi@toa detida gh@cdnpyes 2 BbestTHU dtrinad inolie firstedndcb@ductor layer 104 and

may Q%_(Ij_/n%{étgg%lsls%%ﬁ rtl%mgir 1 fza)ellr%ééhovglf the relyé% %Pxo%gtg.iz ]‘s%ﬁtlon trenc 112 are

substaally cppplesedy £ llfis‘u’fﬂéra d“fl"ﬁE’P i ﬂlahﬁ provided b fpveof@cs%pﬂqcfﬁg layer 113
coveriARC etV 1 1) Ghe G@tahﬁﬂilrencmha,raaﬂ: e &dxﬁtﬂn{gspoih@nsr ®edisandrag Kenuconductor

layer E(ﬁf l”.[%g Ielce(gy kfl%g&%qgﬁg&% ch 195] g 1%)1‘!1&69 %pl}é/rm% I%P wellfbt@hshed eteh

rein an openi
fecmﬁw rnﬁejwe& lﬁéﬁssam@ﬁ%opem efcélwwsmq far znjoying Be iﬂ@gﬂ% d05t and fikpy etch the
first s€hhiCRNGioORFer Qb4. &’rif@ﬁlﬁ‘ﬁ Shelréess bﬁl @ ﬂﬁ%laﬂ\bnt thehéh 11D Gre ffdrﬁa&it dowu to the

msulafsl n11 {ngg }Jﬁ%’(’ldﬁ 91%%110% Lﬁ? ch:ﬁ énﬁ%%n(ﬂm g% r%r%ltee eﬁngnet§ %Q}%lgcten%t 1§ﬁnd on the
pomonso@‘*myl dbeisl tbml@cqah ¢llorHovgyee 20 peemiorsysexpliifed itrenwilombttate 101 may

repres@fi @ HRIQ Séﬁt«ﬁ@l@@r SupGibhtet alﬂéﬂhe rdcble lﬁt an %3@0%519&?&&9??1‘2 {ﬁgy 1 Octed to a
an |1 solatl on

0 to the 05| tion size o
srcief ) Bh Ty B ik QR PR G LI B Eont 5 1 - and
on the first sem conductor layer 104 in a |l ater

”%erﬁi@xt % 'df&ﬁctﬁé Qge@ I:ﬁm}ym 3%3 1tecﬁ)B}o&gﬁl%dfcieﬁo\é{agrptrechmques that enable a

g he sem con UCt or |1 Ce as S
Subsfafﬁia&h FaoRcle fllipe elohpricse 11t M tholsplgin ignohridée Sinss e Tisess 111 has a
signifitratid lagzes s thimthe isbQidiod dakiidizn gorfek);ﬁncﬁﬂ;gr s&m@&m B0 RV GdlLigly £l the

1solat1$na¥t§1f)h }%4111”%),{ réicel %li agcﬂeg:e %’fl Im m\é@on ch%gelél a?f%tplflor\rede Sfororgliable fill

capab:{ﬂé?é s tbqu@gss 11im J@aﬁlteéipeiecmﬁ eyer di3ak eamrijed of glcor dig:(d, thagpal CVD on
the bafi€ofl TBORRED By e@Xdndlat dz00 RARU{R Gerﬂ;%méhlﬁ D &N RafYESed possibly in

[ e structure of dielectric |ayer

Cmﬂ”T% %g%gggg%%?%msFﬁ%mﬂﬁng“Tb%“”ﬁHen provided in the

forn1of an oxide layer, may be formed by therma

oxi dati on and/or advanced deposition techni ques, such

as plasma enhanced chem cal vapor deposition (PECVD)

The |l ayer 107, when provided in the formof a silicon

nitride layer, may be fornmed by well-established

PECVD t echni ques. The resist mask 108 may be fornmed in




photol i t hography techni ques including the deposition

waf 2086y0@pgy opr i at e photoresi st by spin-on techn Cﬂ%ﬁﬁmmﬁn&we
and the like, followed by pre-bake, exposure,
post - bake, and devel opnent steps, as may typically be

used in an STI formation process. Figure | Db
e sem conductor_ device 100 in a

h t
P B T SR PR GGy L g b THesedf sy s planrze e
surfacs:eqsnomnw b toeans dfsieraien] e@arta@ngolishsg $CePX e:masghaﬂd;s}ﬁ@rdme layer 113,

the d1|el@ch'ich ef 107%hy S8 M £O0E W6 Q§eﬁ !h%¥ Che %@asmqmng?%f fk I%%er when provided
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asa Silfﬁ? %IHE‘P 18476 CrraR3Te {9 Brdigiclis dper 11D %@quewbse@ﬁmhaﬂm p}ananzed surface
topogeplyphagtbe bytaifidd viifdnskidht a’ﬂroﬁ’d—sﬁﬂfﬁs Hﬁckﬁ‘esﬁ&hﬁfohsa IThérbbdikr, 118 residue of the

t a dielectr r.113 .
e B 8 b (LU Loy S S50 S il s i i
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we| | -est abl’i sh
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to deyist 1P gorgiyis s Ul @ e P Fae Fsp & Yl b lammwmesent a surface layer comprised
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bondingp dpreg pubptiste] 1é9 & ﬂlwvfaqmw a"ﬁfle swbstrate (OVRorgitring albageeratetiele 53 that may
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t he correSpondi ng regrons e se
ha"m¥ ?LBC?F?I“ EARAnG Fogips g srefific uBep ey éntqgéﬁ@Pimcheéﬁs structure
112a. Simlarly, the second sem conductor reglons 152a

Wg\.peeZ scﬁ&%g%ﬂ% ﬁ%wpy etnGcon u%t%p ge% GO% téa‘? ena?]g g ;()gwﬁle gf a crystalline

structure N contorm
semicqrdpetes THe Baving Hespeqifigdsyirage nﬁnc%ﬁm &t @F SFrelgrndmr K@vite PARYcomprises
substaht&.p? &8 ednde comhantlaBbakly AlcrBid WihQEetRE loqj(}uﬁal\é' \Q}Qreﬁﬁ k) components
T e A
Thus, (hz mf}w@@ncfoaé@ce EPCeqemptiserothe handlh sbstratel 991 inelyitiog) Sor idhbcenthy layer 202

and th® @sitRE ﬁ@r@bb':y EbSRG tﬁe@JOn e ﬁr@crsgfﬁgdn%tomay&l' thh @ glgéng he dielectric
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a crysiglbingr Srein buﬁﬁar ovirépisaniyoddedemths sentidvaductoeigyeo s, Tild Elraﬁi&bﬂffer layer 204s
may bk ERMPRREREa &ﬂa%@)serﬁ%nh&w nfal@xge*l %ﬁ}% a eégb!ﬂg mhil§ edrlz%gce angmg compared to

i éS may. represent §
o wdBBarTErRdFer FREer AR ¢ Tohemaihn At ey st compised of
siliconfgbtretimatol Midoy/catfon i te 11i04) &lhbryin a isprciitd\@¢ment ratio is selected to achieve the
dﬁumﬁmgﬁacterlstlcs such as type of sem conductor

mat eri al, dopant concentration, inherent strain and

the like. As previously explalned strain engi neering

Ofl“h@ famoshuctba@bied o |n§1y be ﬁ)@:ﬁédﬁﬂ HIRAR: B AP Qlescribed w1th reference to
104b and/or 152

viguey SRR (T e: 7L et =20 AR HPOh RS et 204 vio o
thereln Cor r espondi ng technlques for creating strain
in the region 104b and/or {452a will be described with
reference to Figures 2, 3 and 4. As a result, the
sem conduct or device 100 nmay be considered as a
substrate for form ng sem conductor circuit elenents
t hereon, which provides at |least two different types




wherein the specific characteristics of each of the at
weast/odnmgs di fferent sem conductor regions may li?ier/l?gmosmwsm
| east partially adjusted in advance w thout requiTrlng
manuf act uri ng processes that affect the other

subsdilidSicRkdtib oceﬁ%ﬁ]u@ﬂ@ﬁ@ QLREiridnd h@.ﬂapmf}:ﬁaﬂ: Ur&pdeles, such as helium, within the
CggiemRL el dibreke oy

% r“?e sem conduct or
accor da IR of Hhsravey ?%%f‘%dé’tsfﬂ?ﬁéq“e%ﬁﬁéﬂ?%ﬁt lplﬁ'mg this heat
treatrpgnt, g helfum| nepg steatoyradsfaud thixatisleitios taaps ahd)@siGatitn 618 eHIIb® fhe strain buffer
1a erfz&ﬁlt@xfalak ShedeBY 7B Hin characteristic that
g fers frofr;n)rt he %:ﬁidrag%?gtuj?és{pl cS of the regions 104b
and 152a. The device 100 conprises a second
di &heftier gode@ipl 0Nthd RBstfa@r208 fhay éoﬁtlinué 8si @E&E@d vluﬂl r&&@ne@fo Figures 1d-

1. 38 FERIRR et DR ShA0h Pt oo iy s pomeonin

straingd ficen weiet e rqeipyet04t pdigveniche formed above the second
dielectric reglon 120 and above the | ayers 152a and
10 cr al sem conductor | ayer
of Buts hePalslh Dt Plitecl oG birated ol ctoptends b i such sa th
dewcg_@gn@n@act:qq@nqemﬁl gm‘gceime@.t; rlekadtied with @igence Id@gures 1a-1b, or to a device 200 as
descrbbtbeinaRkeale! ty Flgti:@ 25 e@@np%ﬁe‘n{s RWak e @tﬂ)@tlaﬁﬁalgﬁigenﬂga? Yo %y §on¥)onents of the

ned r ef nce to the first
S“bsmgé ﬁ—%ﬂg &&8‘%6%1‘3’5?8 $§% EpARedF{erenps el witlflie exception of a leading “3” instead
of a lgpding 8’ Blewgie. iy sdisedte310rdotiplisay/ e BascliBerarid3, WadcondMetnltoildd@or layer 352

fonne@)éﬁcﬁ@ tk Qe@e H3l B, oh& Qﬁhsuﬁ% 19)%@55@ GE-8Ld o ‘E%}f gecglgdfstFnuconductor layer 352,

Add éh ¥f(ﬁla|ne sem co ctor Ia er

ltfc’f“’d 3 ﬁ’?&m s tayes Aeps Serrd bt e dhebese F@leﬁl% 353 ayhthe pdgpndcgemiconductor
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gure . ura
nysta{% é@cw dps 9 4% T ErosdhprewHu ke buffeoer pady. P instance the strain
bufferf IayerEE2s0MayBbS bmh&dwmﬂtcsﬂgeﬁmmuhh&r ghywatdRr h;{agthlé hﬁée wherein the
crystaﬁg% Easé m ena¥ 51 sel con &éeg? e %@ gms%l rSS g:felg%rfbé %Pr}dgal to a corresponding

nel'y sophistrca
devices gigh ﬁh‘ﬁw gxict Wosﬂhmmtﬂmlres@mrddwm or bohe wiretal 180andiRNtrain buffer

layer %Qﬁihiyl H3 %rrfo%@ %Jnhﬁ Iﬁﬁﬂg @e%m@ the m%\@@secdn@ se’rzrﬁcgﬁlﬂngtmj igreraj sh Bt is strongly
ity of manufacturin

bondel 1 1R dn B i 18 S Pl B HEAPEREE mey b contined, as i
descripedyyiith seénesdo Biyuré ieel d ef fect transistors in and on the

portions 104b and second circuit el enents 158
field effect transistors in and on the

rese
A1 B %%213&‘*31*??&*3tdFS&HEﬁds“flt%}rrgferf% g 8 gmdrdypniblavbe formation of
dlfferentespﬁ@dimc veni@hduatnetegiotise gich mmnﬂg%@ecaﬁthlyl&ﬁgxed ke féf}aﬂﬁﬂﬁmodxfy the

g@r b ggkﬂ bisty of which is substantially determ ned
PR ré;ercﬁa)ort |Oon1E¢,y 104b and 152a, respectively. Hence,
vvhen starting fromthe device or substrate 100 as
S ripe 4b ehérhagetll@ sholds a sesdidofiduaiot deditd 4)00 Glgﬁlé{ Qﬁﬁdnﬁ@ﬁlmg%or forming a
r ess
Sp&mﬁ%lﬁl?) ngrl;lfmc&gu& el%lgg t I?Igensem% \Iﬂgucltoé @% g&trwéls‘gngtgnhally comprise the same
compopRfsAs prepigusly depoggbidf Wémqfereewwaﬁ@ewﬂﬁtwm awi degigtiedl by the same reference

nunmer fc ' - ce,xhe r de Pt e
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above hlE d§fé&Hé Qgigr?tlﬁg W}ﬁﬁeina&me grystJi]@n gl@ érls 4gﬂaatre ge%aéated from each other by the

facturing ‘sequence descri
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crystallima gomtigy 4@ 810 sdp@rateC BN BRMioMbtiubrd @Yday A8KRS119 8 ain buffer layer 404s is

manuf acturing processes and future device

technol ogies. In particular, the present invention

provides a high degree of flexibility in integrating

the fabrication of sem conductor substrates having

different crystalline regions into specific current or

future integration schenmes. Figure 2 schenmatically

shows a sem conductor device 200 that enables the

formation of a crystalline sem conductor region




substantially the same conponents already descri bed
wi bdacoefigy ence to Figure la, wherein identi CalPCT/U82005/01337e
conponents are referred to by the sane referen
nunerals, with the exception of a |eading "2" |nstead
forud odink s@ﬂén@ G04a, hnd an lﬁlﬂlsdﬁigté%i?ggthﬁ% FARBUE LA ﬁlsxérﬁ&s 208, wherein the
’mplan? ‘é“"é%" ‘{Oﬁ‘é‘“ﬂ“a“ﬁ &% “PBgD-iateshepiop e phislivm in ‘W@mrmﬁe cong@ifration.

Forned thereon is the first sem conductor |ayer 204
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t buf 204
T el e A

ﬁans%@r@?#!ﬂm@ﬂe@?e@w@mnt ratio is selected to
achi eve the desired strain. The sem conductor device

ZOg.nay qﬁ fgr“eglln t he same fashion as is described
wi T 5V &P ETEHEE!Y §ovihg thtcopdnctorgeaicefif aftria faribprgpipetive epitaxial growth
proces, fhexsby foenyieg coﬁ@ﬂ@dmgytrdhled baomicoadhcloy regipis 4040 @l tog61QMM $rald uster layer
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speci es, such as helium wthin the sem conductor
| a)é@ rgs% the%r&s% ﬁ@exﬁfo n@%&ld%ﬂfe&m&h{? ﬁ‘%ra}lﬁ\gsd'?: ?ormatmn of a plurality of

__subsequent heat treat
differgrt sryp sernicpdugis | 1pEins amy siele atbetraje waeimadletshus characteristic of each

crystallios | sexgiddniddtor |r&gﬁlﬂ8m@nﬂ: &’ds@;ﬁe@%tﬂel@ﬁsp%&ﬁeﬁsdeh%l @Iqtllﬁ}ﬂeﬁtbe In particular,
re her e
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significpaly sppprovipg thargp @@nmyob@hmpf hengistars elbgent efbidied e dhe Whsplttive crystalline
senucﬁlﬁlﬁx&&ex@éi&st Holrb@ rtﬁzsprésgnt ﬂl\lanho\ﬁ\QEE Qlids spe%lﬂgﬁf’)_zta%éﬁg each crystalline

%mmg%pw@rgg S(@;s quC[I$ reference to
QAT REQT P it nay i %%%??ﬁﬂﬁeﬁéﬁal%Prf%fﬂ‘FFe”dh@Fq ¢ dnvice Performance in
additigre gf @hn(atrh:br o egerting thit Odistalloprdphig Wiientdigy. . Sﬁhlgiblf',edlﬁerent semiconductor

materﬁﬁ Iﬂﬁ%& hs@@ bd ¥ su%lﬂps\ﬁ&trﬁe SHRSL tp?egyg’rgﬁon o? %E mafsén | nte nggeast Rertially be

g $ g @ d to a device suc evice 10
accomprebgt BRI 7t EFPBB’&E mEs  Hesreeses deenior may aftenlyrheapplied to the
formatian ¢ dififfres tyb@-df Iransiior tiementslBMinge oB0 QlIES the d‘@ﬁ!@tfdnbﬁ%fferent types of
crystaﬁ\fhé 151%%%?%%%;1&&6 sti‘:nktgﬁé? %el%by (i%p rnt.ggotﬂ n‘p%:'tteg%aﬁ P o g?haché the across-substrate

sub S anti a
manufagiyyig paifoEmify @0{ E5RRRlp. Vi 11hd]}e @V@Cﬁ@ﬁm@@d ypsttatpedimmives in semiconductor

fabricatiof, @lic@OO&-siHERd ﬁhfoxwﬁr bf ﬁﬂﬂ—ﬁlbaiﬁfé%ﬁkés@f@ s&dh 28 elk&x@?&tﬁg deﬁbsmon CMP,
and tﬂenﬁkte g no?fb%%blg?o rov:g a des eé_le él tglhre Sunst s way the semiconductor
e &°mat &r U 353 OB g

characgeéfﬁ% é%&uﬁé i pugythe hl@s@ay bordapel atgmbei stibsgath aseuiformities to produce
mtegrdﬁt afchlﬁ|ch1§5 Bavirgand saﬂ:@taﬁdﬁﬁ}l hy@kdeB DelrdHSice, 3 g:li bg WF]Fes%ghshed process

techn e¢ ﬂ$¥ m cond cto |.ayer 352,
olgFa BT E5oeayay Db FE s a e e R e weions
material 353 and the second sem conduct or Iayer 352 '

Tl’l(ﬁe §$rﬁ(ﬁlap cl'mdﬁlfn@x{ts hi&yoggdha%%sarmstrgmr I}/sag the mventforll é be modified

4 con ductor materi al avl n aS|mIa
an Pr%“f‘?‘“t?dlt flifferent but epuvalsnicraanpers @mrgrf togthae skilfed rlre*és arc breving dfts vt of the

teachinge irbreinn dac toiple, e prodbstdpa Set l&"or&zt i’b@i!enﬁﬂz beCheYSinRd lind Q%lfferent order.
t.0 an t axi.al . ar ces

Furtho B 8 MR Dl e 20 BB BB TR b FRE e ot tan o
buf fer Iayer 3525 may be conprised of
silicon/ germaniumor silicgn/carbide, and the |ike,
wherein the crystalline base material 353 is silicon.
After form ng the substrate 350, it may be bonded to a
corresponding device, such as the device 100 shown in
Figure Id, and thereafter the base material 353 and




| ayer 352s may be renoved, thereby |eaving behind the

wah bRkedsssecond sem conductor |ayer 352 that ISCTIUSZ{)G’SI{HSS?O
strongly bonded to the underlying insulator |aye

351. Thereafter, the further proceSS|ng may be

descﬁ&'agﬂ tﬂyagms Qe?(fﬂr St i 15 q.’l%l?é% n%gﬁgnt\%att Hle Egnc%{ar ebm 8(1111191}51 1&1‘5)86% above may be

resu ment s esc

altﬁr?dePremedﬁ%fé g aft s@‘ﬁ‘r @ﬂzhoah gre Fomsidgs emfilhefher sepratadomingfof the invention,

Accaldififie fhe piotecifoy Sdught hértie isse st Ranauei-amsnhegkons, each
having a specifically designed strain to further
nodi fy the respective charge carrier nobility. Figure
4a schematically shows a sem conductor device 400
during a manufacturing stage for formng a specified
strain in a sem conductor region. The sem conductor
devi ce 400 may substantially conprise the sane
conmponents as previously described with reference to
Figure | f, which are desi gned by the sane reference
nuneral s, except for a |leading "4" instead of a
| eading "1." Hence, the sem conductor device 400
conprises the substrate 401 including the |ayers 402
and 403 having forned thereon the crystalline portions
404a specified by a first characteristic. Mreover,
the crystalline portions 452a having a second
different characteristic are forned above the
dielectric region 411 a, wherein the crystalline
portions 452a are separated from each other by the
i solation structure 455, and are separated fromthe
portions 404a by the isolation structure 457.
Moreover, the <crystalline portions 404a are separated
by the isolation structure 412a. Additionally, a
strain buffer layer 404s is 13 WO 2006/ 007188
PCT/ US2005/ 018370 forned on the portions 404a, and an
i mpl antation region 460 is forned within the portions
404a, wherein the inplantation region 460 conprises
an appropriate species, such as helium in an
appropriate concentration. The sem conductor device
400 may be fornmed in accordance with processes as are
al so described with reference to Figures la-1 f,
wherein additionally after exposure of the portions
404a, the strain buffer |layer 404s nay be grown by
sel ective epitaxial growth techniques, for instance on
the basis of silicon/germaniumor silicon/carbon when
the portions 404a are conprised of silicon. The
i npl antation region 460 may be formed by ion
i mpl antation of, for exanple, heliumions with a
speci fied dose, inplantation time, and inplantation
energy. Thereafter, the device 400 may be heat
treated to relax the strain buffer |ayer 404s, that
is, to create a plurality 'of dislocation |oops and
sites within the portions 404a, thereby relaxing the
stress in the |ayer 404s, which then transitions into
its natural lattice configuration. Figure 4b
schematically shows the sem conductor device 400 after
a further selective epitaxial growh process, thereby
form ng correspondi ng strai ned sem conduct or regi ons
404b on top of the strain buffer layer 404s. Thus, a
specified strain may be created in the regi ons 404b by
adjusting the strain buffer |layer 404s, substantially
W t hout affecting the characteristics of the
sem conduct or regions 452a. As a result, the present
i nvention provides a technique that allows the
formation of a plurality ofs different crystalline
sem conduct or regions on a single substrate, wherein
at | east one characteristic of each crystalline
sem conductor region nay be designed to neet specified
design requirenents. In particular,



di fferent crystallographic orientations nmay be

realized on a single substrate, thereby providing the
potential for significantly inproving charge carrier
nmobility of transistor eleneq%s formed in the

respective crystalline sem dnduct or regi ons.
cHowgMer, the present invention also allows

specifically designing each crystalline sem conductor
region such that it may include a specified strain to
furtgﬁgtg %ance .the device performance in addition or
Lal t efHBEPOLPY IS N apt i ng t he crystal | ogr aphi ¢

or i epfrafingoadicRbiclragiby (1 diaf fnef @Bdss $ BN GHACHIGH Q'first crystalline
materials may be used on a single subStrate, wherein
sqnhgoshusipalaxet diR4bmsaidtistraysealling seoregndactor Errst (104) being formed
akﬁ)% sﬂ{)étyatepﬁ Olgzﬁcdq%%ﬂ > rter%t éh%gall éxg 1@' ly for at |east

I Aiventi on’may not only be

app| p&tbrining Meeast @ﬂienmbd:@@ oﬁérat%rf foert gt intyPESit@ining of a second
transi stor el enent al sg allow the formation

cryptalling ﬁ@ﬂ@ﬁﬂd‘%%é?&’%( 1 52&. ﬁ?%‘teaﬁalq Heleptggiremian gdd asandspid first

f f
crg'ﬂ%g 1?}% lsﬁggt%{%&e&g%rl J;eg ?L(ﬁlz gstagaas{eengﬂcp&\ﬁgt%mn? gén%%ﬁﬂlctor yer (152)
hayiid @savbby chadrmrteresxia dpffeingvidrh saitiir aathamctet xﬂfc whereﬁa;mm ming
atjubstrate dianeters in sem conduct or apri cat }he

E4HEE RIGBSE PRETBUQIhIOTEIUN iy hopostinesefiiatd sgeen CrYStal ine
éﬁ r i
s 1@&%%@@? laﬁfgyﬁg)%ﬁﬁog% 84H d@é?éé@%?% }og\clt? Pgag) gﬁ!&lj gzglfi rfgg/%rystallme
Semlmmlubmt biyer (dﬁébconhmlsehps)vwaxgg saihgecertiystatinetsemiconductor

teristic such as, strain.and the.ljke, ma e
SRR Zhp DS iD aBT nili i ot Fytlri vo Y sirac

upnp@g@e integrated circuit chips having a
substantially uniform performance. Hereb
vel | EWVEIE 4 Riben pi wekspsond ey Habing g@@@on  laer §1192) to

Q IVI di fferent
@em Agg&gag’t%g?ﬁgg i“Sl% %%S{aﬂ Srel%cog S%AJFara y%?f‘b@‘bi ment s
di scl osed above are |IIustrat|ve only, as the
invention may be nodified and practiced in different

Zput Eumgtrd ﬁf clabm helugthgrpommaising sslechigde crigialyerpwing a
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For exanple e proc eps set fort ove
lapgrdot)med in a different order. Furthernore, no

limtations are intended to the details of

construction or design herein shown, other than as 14
3.W0 2@%@@3&-%501% A L@?&gﬁl 9834 Qaid Q‘l?e?&ftz‘upﬁe%ldﬂitl NS in said

cl ai ns bel ow. Is therefore evident that
10935(HdmP@mpﬂﬁb@dmnﬁmbsﬁ@mg@hmgbamaBOMd)mayﬁhﬁpaamnénmd

. qr.. i fi n L n | [

Qg iehd  LAdha Yoeut B of iy Py BB R e ayer (104)
Accordingly, the protection sought herein is as set
forth in the clains below. 15 16 CLAIMS: 1. A nethod
4.conpth esmﬁ@od poelaithg faitb@aom Irsmg dee@ql@mg ¢ Hiefecirig) matarig over

I |

sal S8 R sCrRIsPcheld et ) kel it e 1) and

saileinblatimouatchr(112ead td éM)debueﬂir@glaf/@rdfﬁtbleo@b@Mﬁteﬁlal above said
substrate (101) and having a first characteristic;

ﬁ?%@?%@ﬂﬂﬁ@”%?°@%ﬁ§¥ layse(19dcess operation to result in
the positioning of a second crystalline sem conductor
| ayer (152) above said dielectric region (I | la) and
said first crystalline sem conductor |ayer (104),
sai d second crystalline sem conductor |ayer (152)



havi ng a second characteristic differing fromsaid

first characteristic, wherein performng at |east one
process operation to result in the positioning of said
second crystalline sen1conductor | ayer (152) above

said dielectric region (I 1 14) and said first

5CTYStrft bield TR ISR sdi ?e%{)ncg G (PlgP[lL %?osvi(]ied thereon
prOV|d|ng sai d second crystalline sem conductor ayer
s4id 52pnd nryataflewowrchicudsttonigera i 2o bdid&g (S adid s@saardvith the

substrate.to said substrate novi ng a
SGEP PR Bine et ot et BRySum M et Sat ebmaet 8y
(152) to expose a portion of said first crystalline

sem conductor |ayer (104). 2. The nethod of claim1,
65 ur t hbe methegrdf slany 1s &irdhet cuepysiepioraiiga deyorgh divkenigic dlayer

conduct or nmat eri expose orti.on of

O PARS G S e e ST e PEGEL! sPhond 5hg el sSoona
suBstrite viof itCdead diclevhignSieh td Qidiudgusiai d diel ectric

region (11 la) in said recess (111) conprises

comonly formng said recess (111) in a first part and

an h rt. of, s
7’.fi Tﬁégln@ﬁftoa%ftcfaﬁﬂ§é%]{r&%tﬁg rfl Is%lqs %?rgip% s%@ condfiysfﬂgne
salmtchmhicmf layead IFR Bwith urshbb@fieCamm pSbmng f@i@[ﬂﬁg kdidl B&oad dielectric
dielectric material over said first crystalline
Iag%rrﬁlgf))nductor | ayer (104) to conpletely fill said

recess (111) and said isolation trench (112) and to
provide a first |layer of dielectric material above
8.sai dlhd lima&md @f y@tlalil Whee'sﬁmmumgmqiomm afysaid s(e&@ftl) crystadlline
wherei n sajd second

st PaPE WA Iﬁé) AR & i StonCap S GB B in a par of said
seBbryBradehiling s&ﬁfébﬁcﬁl&ﬁi%%ﬂ:& tﬂa@YSQBCa{télcﬁz@ovb §a1@ ang&did Rgion.

said substrate with second crystalline
semi conduct or cont actl ng said first |layer of

dlel t e nmethod of. c

con’pfllges[l%ntéogg % % fugtggo(f%npd}sg}gerg{npwgg|sgl§ié)romqnléf§le second
cradisiiige §e’ih1do§cﬁ©ﬂiﬂay‘éf ysatd inh@t5€ i GORAYE Fé@ﬁor{ @éf@éen said

(152) and bondi ng said second substrate wth it

expewdieridnredidbe fiy cwésaélrnetsemmnduwb@wra(ﬂ &) apd a‘rhlgammg
ponﬁcgrh&ﬁhggec% &l s@dhf{eusrehhc% ia (?92 form ng said

second crys sem con uc i (152) wth a
speci fi ed stral n prl or to form ng sal d second
di el.gctri | ayer 15 ).. 8., The net hod of claim
{ier Berior G0 o] pOR gt S Boe feni s wr Fayee(104) i
a S@M.aenduct or |ayer (152) conprises formng a second
isolati'on trench in a part of said second crystalline
sem conductor |ayer that is |ocated above said

di el ctr| The thod of ¢claim@8, furth
U ompriednfod Sﬁﬂ?ﬁ“h& hgrgin ag@tf}}wwa ipesesigductor layer (104)
coﬁpr%ésﬁﬁ dttane b 1SR AAtMHerdiAXAH sérhRANd\or TRABE A} $ @sﬁ:‘uvdy
i sol ati on re%jon between said exposed portion o

grown ep said peeialuiffee layeniodomdastrained seysror(dL0w) laadatwve said
exf)(?sgalpm'tﬂ)% of the first crystalline semiconductor layer (104),

12, The method of claim 2, wherein selectively epitaxially growing said
semiconductor material comprises depositing a buffer layer, depositing said
semiconductor material on said buffer layer and relaxing said buffer layer to create strain

in said deposited semiconductor material.



portion of the second crystalline sem conductor |ayer
(152). 10. The nethod of claim1l1, wherein said first
crystalline sem conductor layer (104) is a strained
| ayer. 11. The method of claim2, wherein said first
crystal l i ne sem conductor |ay®r (104) conprises a
strain buffer |ayer, and wherein said sem conductor
material is selectively grown on said strain buffer
1Bay eTht metlordofalstrlawhectiseid 6ot duerhaeridtiayerehowelinst
saj exposed portion of the first crystalline
S A ek RN I RS R S SR R
cHiRIIhApBelsehiMel Y epitaxially grow ng said
sem conductor material conprises depositing a buffer
| ayer, depositing said sem conductor material on said
uf f | ayer .rel axi.ng said.buffer [ayer to create
lgtra?ﬁenT (§%§gﬂﬂggogﬁh@gc%8Wf%%%ductor material . 18
13. Theineh bdn@lictdetiofedion BN €h B r&dbdiobhES In at least one of the
characteristic represents a first crystall ographic
figst cotstallinessmasrpdeapulayesd b9 anh areasseend gy stalline peraisemdustor
k% ;@gg d crystallographic orientation. 14. The nethod
f Fai'm 1, further conprising: formng a second
di el &etinga tegl @ystdllizdenitorRlut@e &5sr f1a0NEDvE RaidisedoddHelectric
one of the, first crystalline sem conductor

I
regivAndsan igeandeeennd ersalting samHeorsaios brygisdd %ﬁ)ﬁ%fzw@'ﬁ third
o ' -t tal i j I .
o S L R R P RO A DA i
fifst pisd segnold slecanctisticy shadl | i ne seni conduct or | ayers

(104, 152), said third .crystal.line sem conductor

| ayeleroral o REVPRGT ] PRl At Far E GG CaiBrbr 9yo expose a
pdrieMof #idl firdtiahd becBRE cS8GANRE sERALAGIRS! lﬁfér_g §1;04§‘ peh).

renmoving a portion of "said third crystalline

sem conductor |ayer (119) to expose a portion of said

first and second crystalline sem conductor |ayers
(104, 152).



