WD 2007/ 053382PCT/ US2006/ 041560 AN EVMBEDDED STRAI N

WioAER$M,THI N SO TRANSI STORS AND A METHOD OF w@ﬁ 1560
THE SAME BACKGROUND OF THE | NVENTI ON 1. FI ELD >0

| NVENTI ner al | the present invention
rel at es%lgj MBD I}Eﬁrﬁrﬁg&%t‘%@%ﬁs NPISTORS ANRd,
nore particularly, to 1S, "0 ANy | ke
transi stor types, such as fully and partially depleted
transistors, formdyddrand of TAEtRVENSRIN conduct or
| ayer, and having strai ned channel regions, by using
L anfERBOIIBEIE EYVENTIONayer t o enhance charge carrier
nmopi | i in the channel region. 2.DESCRI PTION OF THE
REYRYER: Rpresent invention 1pfgges fodksripreation ghintograteddiregts atnd Ghore particularly, to
LLcul-ts £equires the forpmatigon of a |arge nunber of
the G SO IE LB PP AU Y TR PO 8eploid BeFEioR ownsd i end on a thin
sermic jp B LGt rall a uralj of
A SR S e R T B
carrief mBbiligGATAE Eéne] eGel. L ry, such as m croprocessors,
storage chips and the Iike, CMOS technology is

2. c\RESCRIRNIONIOF Tigs REDATED aRrg appr oach, due to the

Sﬁperior‘characteristjcs in view of operating speed
andy gPHCﬁWF Integrinist pipppitsoenuiassdiiedprmpimitor @ faf ge QinBIRE YE circuit clements on a

. ring the fabrication of conplex integrated circuits
given %}f %réaga@én% KN ﬁ%?f;l %?1rom Fapz?%nge@fally,raaﬁgrp@y oF grocdss tehnologies are
currenlN' &ﬂﬁ&@,%hexteﬁl?ﬁiéo RL %irc%{&g/,l sﬁ%mfag %?cgo%gorc%gq?sg?t%)r?%gi%é an?irﬁ% like, CMOS

formed on a substrate inclu
technoBEs CRAAUE e okt PYBlisingA Mh,ttﬁgl%%esstu ior bELESREGLI ve 9 ;
whet her an N-channel transi'stor or g&BE§ﬁ§§ﬁ§1“1nvwwo operating
speed and/an®ivet @nsuingticd an@érdest efficieRONPhinS A% HREABA '()?(Q)mgi& integrated circuits
. Junctions that are formed by an interface of highly
using hprfegy rmilliaed of usistersrieg Nehmmairikisan aadvaasel anGRRE e formed
%hannehwre%ion di sposed between the drain region and
on a sy ﬂ.réte Jnslpdrog rCQ’@tf“IBPF_ semiconductor Iqse 4 A EAnPisoTT yregpotivi ef whether an N-
. region, Le . .the drjive current capability of
ohonnc A b {12 OB i P oot o Gt o v fomed by
interfac€ b@AdnTyQeEed iRk TRE s RRONEiiNEG egi.on and. ..
separate%ztheref?on1b%ognﬁﬁﬁﬂﬁgﬁgbré |ﬁ%mV%§%P?m¥W§db“W“mﬂw
drain regionghd &k kot yegh. t he channel regi on, upon formation of
a conductive channel due to the application of an _
alpp condrtigityeol clorvhanptl repding g ehetdaivd dlrei @ip@biBth 8 IhE 06HBuctive channel, is
11de ends on the dopant concentration, the nobility of
coniroligd, ero‘i]‘icif‘iﬂe drmpq@borcathe Flaps] regipm andfsearaed dhevednm by a thin insulating
o epnsj.on of the channel region in the transistor
aver GRG0 oPo BmneE trh BPog {{eplive f asendieién o] dusiy dieapplication of
a0 apprddfifle EHBHMNof YOS rur oG] 8L, feferred Lo as oo
pp(g)ha?m(ir_\ll |8€§tﬁﬁ F%ﬁ%ef&gﬁ’%%%%ﬁﬁb T SRaRkiceeERen, the mobility of the
majority@BepgRbdibrh, Yind For b 3R nGdn@ak MR & Hek kY& |rects
_ bel ow t he insul ati ng Ia;ér upon ap%PﬁcatFaﬁw%ngﬁgmeamEOHme
distance dhotwenothe valrtcage dron tRengatiehel QBE HGER: & RS RV Qtlznhth. Hénce, in
_ Qonductivitg_of t he channel region substantially
combinaiingy Wihnihm ¢3pabiliy ofempidiy ranioe aobndubtive MGnd! rvalnsi td MSating layer upon
. HmﬁJhuﬁ t he Ee%uction of the channel |ength, and
pplication ef F £PUE! PAERSG {09 Fkecliolerisc the grverf ceridectivibanfidie channel region
| engt h a dom nan

bk B echSnder s, t channel ) t
bst tﬂfg’?}eﬂé A Ehg% 1k i3] il g?@)&ﬁgpﬁls&rﬁ r’}“&usa e feﬂltcf‘%“a%féhﬂicha“ﬁ% length, and

n. criterion 6)r ( ¢ )
associate® BRFA Y 1SREKH o@fthet.éﬂ%nlal%s?s%r/i%t, ?eglde(r:sl LS W kSa length a dominant design

criterion for accomplishing an increase in the operating speed of the integrated circuits.



WD 2007/ 053382PCT/ US2006/ 041560 The conti nui ng

wahraonkssge of the transi stor dinensions, howevq;CTflgshz(}(m/{um()
i nvol ves a plurality of issues associated the

‘b have to be addressed so as to not unduly offset

t % Heounbind g &k&ﬂ@f the drafpistos tdexmdiidny, hzbaevee,amm@s tahflurality of issues
C dannel th of MXS transistors. One major problem _

asSocply thf‘r"%I“’rtgag agtte P%ac{df?é%%vé%mwwffs% Hisaedvastdes obtained by steadily

decreaglné)hlglchatnne?%r EhyM‘ngdtra s:s?ors ! ?%8380 P@ﬁ[& %gsfre%)mt 5 tgegzlvg{opment of

and repr OdUC crea circ

enhan?::i g?;ﬁist?gfll;hyséfﬂg I}fcg%tﬁget%%s g@%sgke) qgg%ﬂe{ ragcfjlggrgﬁucmg%a\t/ee?r,cmt elements of -

criticahdigbrsipnss @ghissliel géate&d:od@ﬂal&ttraﬁsﬁﬁ‘s' b8 nevi d’évxt:@@enéfﬁfoh' ﬁ@xleover highly
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and s%lrca JEFO1S o @f‘f’é’ﬂﬁ gdpw sheet and contact resistivity in combination with a desired channel
controllability. In addition, the vertical location of the PN junctions with respect to the gate insulation layer also
represents a critical design criterion in view of leakage current control. Hence, reducing the channe) length may
also usually require reducing the depth of ihe drain and source regions with respect to the interface formed by the
gate insulation layer and the channel region, thereby requiring sophisticated implantation techniques, According
to other approaches, epitaxially grown regions are formed with a specified offset to the gate electrode, which are
referred to as raised drain and source regions, to provide increased conductivity of the raised drain and source
regions, while at the same time maintaining a shallow PN junction with respect to the gate insulation layer.

Since the continuous size reduction of the critical dimensions, ie., the gate length of the {ransistors,
necessitates the adaptétion and possibly the new development of highly complex process techniques concerning
ihe above-identified process steps, it has been proposed-io also enhance the chanuel conductivity of the transistor
elements by increasing the charge carrier mobility in the channel region for a given channel length, thereby
offering the potential for achieving a performance improvement that is comparable with .the advance o a future

- technology node while avoiding or at least postponing many of the above process adaptations associated with
device scaling. One cfficient mechanism for increasing the charge carrier mobility is the modification of the
lattice structure in the channel region, for instance by creating r‘:ensile or compressive siress in the vicinity of the
channel region to produce a corresponding strain in the channel region, which results in a modified mobility for
electrons and holes, respectively. For example, creating tensile strain in the channel region inc;'eases the
mobility of electrons, wherein, depending on the magnitude and direction of the tensile strain, an increase in

- mobility of 50% or more may be obtained, which, in turn, may directly translate into a corresponding increase in

the conductivity. On the other hand, compressive strain in the channel region may increase the mobility of holes,
thereby providing the potential for enhancing the performance of P-type transistors. The introduction of stress or

strain engineering into integrated circuit fabrication is an extremely promising approach for further device

generations, since, for example, strained silicon may be considered as a “new” type of semiconductor material,
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ver,.a I equi val ents, and
Onmmmwg?ernarvgg “GET?hﬁ? @ﬁ%ﬁ“?he spirit and scope of
the invention as defined by the appended cl ai ns.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON
wd twstsasd ve enbodi nents of the invention are
described be|OMI In the interest of clarity, négﬂﬁqmm&u«n
.% ur e an actual inplenmentation are described in
t Hi & @ﬁ@ﬁ‘ ?”f‘"i*“&%i’t”“’% AW b degribed vt rfpencsie tisattapyifienieat @dous stuciures,
enbodi nent

systeﬁ@a%‘t.i d«!:\ncest arr]caesc?e?n\ég(zla? {TE nt o&g?{ﬂ% Ssu %g&‘g’g%‘% ?rlgexmttmn@@]y and so as to not

numer ous | npl enen
obscufPE € pleRnidGRh@Y Syith NErSle¥ 8 LR
as conpllanée with §ysteﬁ}3%%%F€%PSQhS%%%%%eséé %|§?§HM%% the
attacheddrawing@ianti®udsie 8ddcdt hdd @iy il Q\ﬁﬁplkm e Bﬁ&hﬁk%%n The words
to another. Moreover, it will be appreciated t
and plga@évs@ﬁ (ljﬁm@ mou@fbbozpcﬂeramog ltd derpeetd Bive aMttaning consistent with the under-
standi g; consun1ng but woul d neverthel ess be a routine
. “Eﬁw PS5 RO 2HIgHTaEes e dhost skilledlimnthy selesdal k. N stiebiel @fiiition of a term or
Vi the ben this disclosure. WO
ph as"'hgcdi"?’g%‘é IS fffé% 8%‘71 {4 gy and customaryppcanipg wgiadsrstood by those skilled
in the hrf) VERtEAGR o W Jdpll&%wcgﬁlsgﬁﬁgagé Q?h% te\é'mmtogphg‘a%{}%%ee S g%?%xtgnl? tehat a term or

at't ached figures. "Various Structure

phrasedeiicads todia @ :SERAMRLMEAI kY2 ﬁl@amng bed dl.h thginﬁdeq{to%%gg{ﬁled arlgasans such

ur poses of explanation only and so as to not o
a spectah gelipition; willt bei avpresslyisenforti inhthal@baatichon il @ tde Bk Rl ahneK B@WM¥rectly and

0 those skilled in the art. Neverthel ess, the

“neqméi‘f?lﬁ’cﬂ’i‘@’die%ﬂ“%ﬁﬂﬁ%éeﬁa\“en fohfbfr \gefed phrsedescr i be and expl ai n

(%nrél ive exagp t he present invention. The

5 o PRIAZEEEEE &“T?@P é’I %efélw&‘m thpt pratepipleiey bt grodatindf strain in
t wt

channe ansistor: 1eah ConSI IR
hannel E&%@ﬁ@&f@s"{ﬁ Shed 9 Qé’ b9 L grovid %IS &d 6%1}1% gglgtobglatf% dpthe vicinity of the

erstanding o
channebiégibise Borl this flARsd, %@Na@ﬁﬁ éidond N&rﬁa@c@gﬂ fl QL on o
a termor phrase, e adefimition ?tngﬁlnm%P?¥%ﬁ fh it way also
efﬁcxemtlv provitiéveregiire] snain yh thdoifity St ATREScd RBRET e @gvetéé}{%%%c%? der and the
y those skilled in the art, is intended to be inpl
buried Hyvl?fwﬁéqygrt éiebyupragding fhetromntiab Femeficieplyr @sthg thie irirfce ggqm additional
ol lp xtent. that a termor phrase is intended to have a
TS 85? € ‘E?E‘ﬁhffﬂﬁp"”?m’é in sgphisieaiid ARl o errtisllyadepleRBOT transistors.  As
0 ed.artis such a speci al
P“”“’“W O@%?i%e?oﬁ" Pk Byt Ok i, ot rerve o very i active
mmmmﬁﬁﬁmﬁwﬁﬁkﬁgg maémggﬁég I hat i rect
and unequi vocal | v pr OV|}QegAV?]E§mswr£g%$§flr106 ‘Petv?lb%g“f%?nﬂy fess 5o

that not phig the @gzim ﬁlﬁme[ﬂhfe@ﬁﬁlow the correspon@ﬁgnﬁfe%slﬂxtaont]el}gr e A gs@% as.a channel but
invention is directed to a technique that contenpla

also they zﬁf@fﬁ:@ hetfvedni thinactife Biyqr and the rondddainmBling BoH OR$ bOTused for charge camier

i« Cﬁ#llke transi stors by providing a strained
AnSPOrly T ESHOWR B onfegirtip-indneingneplpaisng o miansyofafstrbivg seiasurtedor material

n pose the strained sem conductor
may not r?glfg‘g?‘ %iiﬁcmn? 2 nerah% dﬁ ll.PCthe ﬂCIVw}Q’yOftuﬁé’(u“?dt mﬂlﬁlﬁpﬁgaﬂa% since during the

epitaxial€fbb &l @¥hd Yy i des | Igég&;n in the vicin
sS4y 45,8, LIS, PR SRR EAEAT AL, o

of an interface between act |
semicon@@r mire@iabhé toed riaSie@td g ide @

potential for eff|C|enfﬁg us%%%m?kggaﬁﬁ¥gﬁ%§%ggeQg%ﬁwmgmwm
process. gddi ti onal channel for charge carrier transportation

in sophisticated fully and partially depleted SOT

PrfYiest gr sares%mmnem e stystaliephagidpidaiow the BERNinSldieARe may be
efficientl® E icatij og pe transistors may receive a very

¥ RTH R Powats é?ﬁ *Eeoﬁra*a’eflo%m%y@eess dhigechy ssabling the growth of a strained

: ' ed.l aver VLn a .t hickness of 100 ri m and

semicondiity FABAEABIE ne MGty oLBY Lk seMr onmys Rk et i
semicondudt8 et @ley f ate.i.nsul ation

I ayeillr%‘e may btehpﬁgsng\élt{1 ?saﬁlggg t%%aogﬁggu%g gt ﬁtré'““" c{a&‘?? Bgehanism, an

bet ween the active |layer and the buried insulating

| ayer may be used for charge canier transport.

However, conventional stragn-induci ng nmechani sns by

nmeans of a strained sem conductor material may not

all ow an efficient generation of strain in the

vicinity of the buried insulating | ayer, since during

the epitaxial growth of the enbedded strained



WD 2007/ 053382PCT/ US2006/ 041560 i ncreased flexability
wionoagpsushi ng the transi stor characteristics TRJS%?S 041560
be provided, since the crystalline characterlstlcs
" the epitaxially grown strai ned sem conduct or naterla
mﬁ"fdh#ﬁél’yl%@ﬂdé@@iﬁmﬁé@e trensigtohibgthcietisigps eadalforto providel, since the crystalline charac-

ﬁ&ﬁalllne characteristics of the active
‘emt“?e? & GRELEY grovr a%fiﬁd ff«ml%@ctawfﬁ@i YT e depornied i abigthgpereed from the

Crys 1 racie, 1Ve SCICORARCior BI‘ rme Ct IStIC

el B R S e LN Rt e ¢ PR Gt gmsementy,

the c@d’?@dhﬁehﬁarladtdﬁﬁws Osfucht Q@c@ﬁﬂh&o&gﬁﬁoﬁ?r m, bxﬁ;!osﬁgﬁ lmﬂlgthgqlke of the
a growth tenplate may be selected Wt res ect

semicapriivan ahtag! 4chg; «6 h g ahitt@id8d theg Be &fecttecl"ﬁﬁiﬁ@dp&o@%|e@lahd{nggﬂeQ>Macterlsucs
strai ned sem conductor material, while the initia
of thec ppaipdly etdvat peiped bentitradwint imaris e whit:o rhd Lioitio rchhiagyt@itics of the active
f r g on the buried insulating |ayer may be sel ected
semicgn UCQ& G Hpden e PWI‘%PH%‘?WE FIE SR bqaqq{gctgigv peserdance with other process and

S such as, increased nD of charg
devios AT PRER i SR At g s PR it reeive
the strdild® sehidoAduE N6 conduct or material, It should

be appreciated that, in principle, the pr esent
i mvsetld 86 appRyiabe t}ﬁpﬁﬂ b@ipleD th8 PYeseahvbdik e why 88 %;!)p%gcpfo any SOI-like
in which strain is generated by enbedded strained
transistews rift vdivll stdio s pratrated BY embadded dthinéch@nmaotidutt® materal, even if the active
senm conduct or | ayer ¥ not be appropriate for the
SeIUCOPQIP Ry Hl%%ot £ Fiwrosmte Lo |ﬂ1%é°ftn?t&’ﬁ SF $Ano¥Q;like pangi¥prsin a'hich a second
econd gha ion in the vicinity of th

channef R et Lot 1 %yfeﬁhe by PR g dvE: Tdbe F%Sﬁéae@ggelessda highly
eﬂimerﬁ“sm }ﬁe&lgxflénphl%nge xteruﬁédnwgg?e 1{"?@1&%:% stg ine cha f'ict%'lgtmg fof the strained

wher ei n addltlona y crysta ne ch eris

semicohdd@orSthdt@iaNB B ATRARQANLY G@ice FBLELsI o@lcrygﬁﬁnebcﬁmﬁgﬂmtg Obtain an overall
for instance in ternms of crystalliné orientation, to

enhancglpedirmarancooypatdb boreahant agopaestan r&ﬁﬁ@i@ed&ﬁ’dﬁpﬂf&ﬂot &tending through
conventional approaches with enbedded strain |ayers

- the burjgd fnsdgting Heir regd tﬂﬁ’rwgqtﬁﬂtﬂh eublyigpte) redderialn Sabsadubnily, Undeysenhearist explicitly

0, a Cr ne substrate material. Consequently,
sated i Mool apnal © BRRIPT PRy 13 Bewt inYriRehessegt bprimeidered to be

r%&mmgﬂgn#gmggglﬁgﬂgﬂged claims, the present invention

not con3|dered to be restricted to a

SWREiefelctiee R higBds 2el} é £Eb U Crurner 111u9t1 atwe %Ltﬁnﬂeﬁtfs &f tﬁ%@e%entt Rivention wilt
Figures la-1g and 2a-2f, further 1llustrative

now be devlxtidd mewvtesdenafl. Fige ps @B@ﬁhoaliﬁéﬁﬁﬂi 4 @fsivibr! devit¥000 B&nprising a substrate
described in nore detail. Figure la schematically
101, WIB%W HPIEser gy snpoapricte witsieatd @0 capuig rmiagrinigfoa fosbibs the@ibeve SOI-like
represent any appropriate substrate or
'“a“S*S‘OéP &’8%?%‘1? Hl&f%%%ﬁﬁﬂ% By Wﬁ?sﬁﬁ‘ﬁﬁulgﬁév@%@u‘%iw haviog forned thereon

, bstrate 101
R N e e S ——
layer 10b Iﬁﬁfo@&ﬁbyaa Iﬁlﬁydsﬁlér’&la dlé"ﬁ% 5@ &4 qqyc%ﬁcp&ysga%%g se ]f(%;ﬁduc{or ?ye{ r1I04 which

silicon-based bul k 'substrate havin

may alsSHRTtEea ¢S hi0Tactlvayiger. 110 2hofi0 bd @%\%@at@yﬂu@ﬂt@ WibtRR 101, incombination with
insulating |ayer 103 and a second crystalline

the layexsdfif, d@h dlwcl%,rmdyay;aﬁseﬂt(}iﬂ SOMikeChichirecyhra) lvéiereid @her RIS 16@H 1040nay not
as an "active" layer. It should be appreciated that

necessaft%éc sempsised gl esilipon and, heneonths trart i SOkl trimsistve o aryldtegurd @&ds to be

and. 104, resent an SOT-I|ike architecture,
undersio aé?é?“ﬁ““t‘ﬂ’é‘ "ﬁ‘ga fF “‘F‘ 8¢ 275540ty sifiep W@e%s%@*fqvprym prane illustrative

mbodi e first semicon r 3 ehcomr siligon &
emb dnfé&m{ 'ﬁ?‘ @Q 90 dﬁét!) 1%91‘109 gq(b en}g & %fo?% A ﬁﬂheesre%qng&egncggdugorlayer

transistor or architecture ne
generic termw thout restricting the layer 104 to a
silicon material. However, in sonme illustrative

enbodi nents, the first sem conductor |ayer 102 may be
conprised of silicon and the second sem conduct or

| ayer WD 2007/ 053382PCT/ US2006/ 041560 104 may al so
represent a silicon-based material, such as a doped
silicon material, a silicon/germaniummaterial and the



WO 2007/ 053382PCT/ U82006/ 041560 capping material for
whaocagpesng | ayer 107. I n other enbodi nents, t 04156
patterni ng process for the gate el ectrode 1OSIgﬁgﬂ?ﬁ%“H]ﬂn
‘lggpe insulation |ayer 106 may be based on a hard mask
104 inghieleirepiolpntb &Kl ntcdinnedal sochas 2 tigpedSticoa Saleh, 20APEYEGhanium material
%$,er 107 in a subsequent manufacturing process. In
and { ﬁlg:r @a%cg,cmgo%@gr gxpéexela%lﬁqcf?g lqyary ap2 m I1¥emfip diffirdin at least one
: . be terned al o with the e el ectrode
characﬁé?agtg?% asacrr]%%{ ?]neentatéotu,emﬁteﬁig gﬁc)lél{)cisg'lﬁn mdéﬁe ! .rﬁo& §xample, in one embodiment,
the 1ird VR0 8RbIIemichi¥Gotd: IMRL 180haTBY 1D ted,.on the, . ..
basi s of ﬁgfl-eggaﬁﬁfshed recpbgggg%ﬁf%%g%mﬁ¥lﬂﬁglmwmgadd&wm
crysta!li&@@]&htﬁt_ioﬁﬁwlﬁfeint ReingPds ek ldvayer maQfve é’@l(ﬁ By (&Y oRtation while the layer
acconpl i shed by plasma enhanced chem cal vapor
104 mge povsia (100 of PEOVDjentafne rée adrepbpdignuanienat mPbe hphlg Rdvantageous in
,grocess,ng%‘be performed to pattern the spacer |ayer
applicatigns in hick Giffespaypes\of frpnsisias [prede be Biringthand theprdrereq carrier mobility may be
removing the material on

oo 0O tion techniques, theregb > MY
e o PR ™ B ST TS T o BB E ARPF Ty AP iopsgor bpes wil
be des&rh’a@d Wﬁ@f@x‘e@e tof IQ%_UE% rga- Jhg}? dest‘falilq'cﬁt\}’xx%l I's of the gate

el ectrode 105. eafter, exposeﬁ portions of the
| imhe iraddikEor NRYicd Q0T GVE tomphiRk 4 B %@od@ym@! Ahley above the second
sel ective etch processes as are well established In
semicopdiistonlayer 104 and separkiedybirgroltby 8 gheimilaticaladey 1660 QWSgateRRctrode 105 may be
transistor device 100 in a further advanced
comprisgdn {9f tHis t5t389 pigmappfagpere, 4f riongHivebisiliche ot ewi aler 2optste material. The gate

hmmﬂggz%gqégd to an etih ﬁrocess 110. During this etch .

SR Ad : mfi}hlée cﬁg{:nése Ffé‘ ?Wldi@glc?xgm@ﬁ% & gqmoamdewd the like or any

th e Snat (S e residual s of the precedi : o

e ag%?lgoter op gg%%eéeéne?fyg%gg % a %8%% Daterials mav e Sgbeg’i pr‘?ﬁf%%a‘i) &pmbination

with osbQf nR ARt mdiddls S8c6cd W REESF shAQid S WpliSl C
or cavity 111, \iﬁ%&see I act er al S%pf fset %ll}lcl)j b ﬁ!édg’gtget %a% €fééflode 105 may

have a &gl tie.0weFidhO5 o) e St tabBitenadnl of 1/d @kie E18ALR&O 0B Yof & i¥Eim and significantly
spacer 108A and the residual of the liner, now

less or pysp &¢ pre fnd qyerdgss @ Pvices of the 90 sm@shtol@y.ythd @ toOEUSIMely @RAbe like. The

. 1tec(gﬂiques the etch process 110 is designed to etch

gate eleRdg dGh™Ph v LEPAdhaegy & °2Ppug ayer HAT. btkoh ety bmsuprisei mgsilicon nitride,

" : ) ad.into the first i duct I 102.

silicon é%%{xﬁ'réi)e(é%g?nzﬁox{dhgi cg%a%ﬁa%%r}ogééfsog 31% &nﬁgx%gﬁﬂ%gg%@fl ﬁ% :?ﬂfrﬁee &/Ioreover, a liner

109, fohdidhedliofub A& Bl st B R0 SR, . £ ONdsdI&e LRELARSI 8 1uas
efpﬁcbghgyforélFor %xah%#e, ﬁ?%ﬁ%gsgg{%%_ﬁ%%maﬁﬁgmklggmdmm@

the cappifg B NOPEG @ %oﬁ_&@ﬂli&ﬁn&ueﬁaf‘ ﬁy%ﬂ'()&!%. @ﬁ)&e@@r,! asiﬁ%gr fa% 188, for instance
plurality of materials such as silicon with respect to

compriseq ¢fjsitiom ngiidner dey, otlgi dpproriatemiaterial et :aaythe e id d ski@cqubi BEIRand epitaxial
when the |layer 104 is substantially conprised of

growth pqessag pcorfippadingard pesksih Semadeetisprsislyieeptotyeniiy grettie degiceltdgh
,Bb{o%ghmkgeﬂlaﬁer 104 mhere[n,,d%ﬁending_on the etch
rectpe FUSed oY f§m$ﬁ5§§“HF§?hﬁwﬁfﬁ 25 phyrB dsFigure Lapgay comprise the

follawintﬁltqp%es?ets. 'A'ﬂ y tpé"fo{n%qoﬂ @%&@séﬁ%ldl%&{d'nﬁ IQI% fg;ét- F%I%%eog%‘\tcf?%{ayer 102, the

e etch chemstry may | ppropria _
buried iftuRalig@yet NODBQANKE BEnB UL GRS WLt iR Gnili @Y Sy %Oageom%“éhé’d“by well-
0 a

may, for instance, be provided in the form

establisled Waleownd ieaiqdes dnaye like, WaRE @itlBctwehdterRBEh@blel R by deposition and/or
. recipes may be used. In sonme illustrative enbodi nents,
oxidationy feflogrd Yy e flepesitionef epahelphaic essrifldayer weipasidagd BEreeiea bolysilicon.
Sub of th? buried insulating layer 103 in relation to the
ubsequpnly-dighly) adypced photeliioprarbi disceted tecmigrey M0 vhedyo Heticrythe depgited layer
he.carrespondi ng_etch process may be rel i abl

sk, vh b W8 RS PR A g5 Bty Yot el el el reprosen e

degree of etch uniformty across the entire substrate

101. Thereafter, a final etch step of the process 110

may be performed to etch igfito the sem conductor WO

2007/ 053382PCT/ 0S2006/ 041560 | ayer 102 on

the basis of well established recipes. Since the

previ ous etch process for etching through the buried

i nsul ating |layer 103 may have been performed w th high



In one illustrative enbodi nent, the transistor 100 may
weepneeapdz: a P-channel transistor, the active 0
which, i.e., the layer 104A, is to receive a FisHosase
conpressive strain so as to enhance the nobility of
LﬁPPIWhMﬁ frthdddpiiepiesit It dier astjodimkity the haregy @Rtdsd BF Be gate clectrode
hus, by providing the conpressively strained
165 agdethﬁ LBt rlays%fdpgwﬁsalre based on bk Lhesharidesetser ehaintainpdie as to act as the

Capplfgg‘ﬁ%f é@slﬁ %&E%gﬁgq%%aﬁ%%t%g gr?)?cﬁts | rlgﬁ{ﬂrae%// galeiﬁéog‘reéarate capping layer may be
formeg QQ(Y /rtg§ %3 %tp ggé Q%Q Qzﬁt’h tﬁel EQQ ele&%ﬁee %Icﬁﬂ 4115] tﬁehed %%?atmn dielectric,
04A at an interface 114 between

There&f&y &k Ll Bosang vk Bgotiny &f tmdiRdhcand. eﬁﬁbﬁ@ae@ﬁemﬁé@ fdlle\tlc%rb @ﬁ%eposxtlon of
121 between the buried insulating |ayer 103A and

the sphegyByer 1084 AhiclSimay basdccgmplibifed b plagn aniking:t (Dl‘lenﬂdaovamiyleposmon (PECVD).
represent an N-channel transistor, the material 112

There#ﬁsr B BRPifeTClB0cEss gy dp Paforhrd nrgte@ theetmesied layes §8aih mocordance with

al so creatin le strain in the region
el o QAR e P e ot e aen .oalhorizrztainwmm while
substagﬁllféfn%ﬁhﬂﬂ% th'e rﬂﬁ%&Efﬁ fgrgxlémrp{lw ?54&.’ ﬁsﬁ& i rag Q:ctrog I&Sh%hereafter exposed

e appreclate
portioR PO iA¥e M9 Snay bORmSHk %ﬂﬁs%ngéa:ty Qlehi |sehl:cﬁyeeeﬁch %xjegesﬁ?% aRQkel established
necessarily extend down into the | ayer | ong as
mthegrhe material 112 is forned at | east along
substantially the entire thickness of the |ayer 104A
Faiewsxh ﬁ‘i?PIéa“G@IM Fhawg thetensisior ik 400 ige dwihir RPraoce sequlichigng stage, in

. ded the | 102
o JE TR B P o Ik AT 02T B2 e s
enc:f-zp!\}t:‘x’lgtecﬁg}l g:%se?smho%g geptgsregiduaﬂ oézt r arece r?,FperaTn}xastotro 1casfpacér1%cfhcgﬂcess and the

I nst an ayer

cappink Ryd 167 dohat &t a8ty ék |1'1§%h1@§b/ r@u% q}?@ ﬁﬁd AR |
%el ght that is arigj/vmsere bel ow the | n?@ir’f ate 11 atgmlaoffsetm the gate

electrolirel0fEembstadnally dnetthed Od de giacksr 108 ind antesidul@r 88L& nowdeferred 1o as
silicon/ germani um or silicon/carbon, depending on the

109A. devi ce requirenents, may be dep03|ted to formthe
strai ned sem conductor nmaterial 112. Figure Id

s CHEARLS t@&ﬁnwglﬁe%iwsst@%iweﬁ 196y ﬁe@nefoeetﬁvbrswaith@ctive layer

US ti,V in, startin
104, th% gm cti tnﬁ 1at1 a eételBQ asnd é}ﬁ %g%fsﬂse}a_afcﬁﬁf?cgorvw er OZS E&rccée}mpﬁ@e etch process
110 maWpe%rfe@va?ﬂfoEht Et@l?ch%h&?%h l)l%m@ﬁf thé 1ed %tgl?h?'eﬁziw For Qxampie highly

mnimze the influence o e expose

selectivp iidtahi®Spid OdiSefies bild Svell BYBLshdd A PNl SresRead su&hods tih&n with respect
epitaxial growth process. Thus, starting fromthe

to silicqjaldxide sihifonRiitgdr ®d ki lika niapp wb)ﬁprﬂneaﬁ)er B acebstan@yle Eompkiedd of silicon,
i nstance conprised of silicon dioxide, may be

well- esfaléﬁfefé FCiges ay bau% iofetsh depuzh 86 bivesri O vherhie, dopesding afihie etch recipe used,

S L

Y 0
mey be%%“ip‘é%‘in i f%f%éﬁé»péh%%%“% SR PR BRI T8 BRPLRE B pgonee be
provided REHS PRHESSa &fi)(%ﬁ\ deRde MerS WAGURH- e&&ﬁgﬁe@ﬁecﬁng%i &lsd. In some
104A, 103A, thereby encapsulating the | ayer
illustratideenibodimt e a ighg etpaeRtetcR PriotedXbBbm@i@ Wakrif roD@a@lSlSled insulating layer 103
Moreover, a first portion 112A may be fornmed in the
in relatipnsie dhegmaterial of thetskraiclyeesics layér 187, mappy wpd soathe e porteapohdihg etch process
process, wherein only the material of the
may be geé‘r"ﬁ’% e 1FY§5/b92 ‘_’[16'2"3’6?@?"@“%3 high gpesto ctelepnifbaits across the entire
substrate On c %h %{er,laoth lleaéygcr%ssg}g(g I}S\E?Ygﬁié’e'%%’{%gdr ta atcl};)sl}totﬂﬁécmlconductor
spacer 113. A correspondlng arrangenent may be
advant ageous in enbodi ments in which the | ayers 104A
and 102 may differ in cryssalline orientation,
mat eri al conposition and the |ike, since now the
epitaxial growh process formng the material 112A is
determined by the crystalline characteristic of the
| ayer 102 only. Figure | e schematically shows



characteristics. Figure If schematically shows the
wo ansistsy 100 after the conpletion of the epigaxi S?E 1041560

growt h process, thereby form ng a second portion 1 B

of strained sem conductor material above the portion
layer foR 2RI bisdshoulkatdbahea pphac Satark frfvaths alhSocess R Lebdisg through the buried

case, the portions 112A, 1l12B may not necessarily be
iﬂsula@rgdwed@d e hyyk bece pyrformedtvhigh higb peiacofityde e kadr 1 the final etch step may be

cond ctor material, but may also include portions

P“'ffOIBlF S AR R ?a’ﬁ‘ﬁs FSP%ﬂaHfééf b SRR Sion g Bp ﬂaann 102 is required,

cons P LA e BT Re i lo b e txaﬁ%gsé ¢ Slipplicgr mey ve

obtaindd) 48P @oﬂp‘fbﬁorbﬁsthéet&f pr&e{s] Qi %{e ékdﬂﬁg 1 (ﬂﬁt %3@30f i) na%%rs 104 and 103 are
thereafter, the second portion 1128

maintfd@d tubdad th(ymmcdl@[&: -cSektfcab 0l IH&I&QBds@Atw@ElﬁimBﬁ{eﬁtl tﬁé dYic@$00 may now be
strained material or as a conpletely strai ned
preparpﬁaﬂoe¢ jubdeque epitdxat frywih pfocas efotranna degedembnductor material in the recess
"overgrowm h" i s desired to provide raised drain and
g%?q&félﬂ){, éﬁ}lﬁﬁa&bllfh@qi cleqipe grogistee mppbe pesfopEd tto Tsfmovetrentaminants from the

expose%%&r%ac?oftgfed%vce b.e provided i n the form -Of a
St rar ne erial or a strained nmateri al,

d Sahe ! V't o eRive efltaxial ar
otherqgﬁ%b%?ngﬁg%9&9ﬁ§§§s??§iﬁg ﬁ%?éﬁfﬂ&£§§§§223 yP%X 1 growth

process] itSEON fok ke 6l styMirded SdaticofuOl Hithd1 ANYn 1B kR8E 1POMdelc@RS epitaxial growth
when rai sed drain and source regions are conS|dered)
procesiepap pr Olertivagrewth Pt eadidosiugtortriperiblun? es crypsallng Gabptd” Meving a similar
process may be continued, in sone illustrative
lattice @’\%%‘i‘”ﬂ*@‘ﬁ%“bs’@ﬁ‘a{ #besisn 6f smispadygidrimaesiald b prsdidediric materials, such as the
udj ng the renoval of the spacers 108A,

spacey FEARRF SR il P vl s 4y e 7o YGIONG s o may b
obtamefd%a %tb!is%rbf %gt L %pg{e%&rstra%% xgm qe \{Y‘% ¢ stslﬁ)aecs%xrmcggdr lflortla erel 02 may be
Intermttent corresponde gp g, f'i pro cesg

comprife@lof RN el G dHBgrch SEHALS Q‘Qntgﬁgw r&f»éa{ fo s@rfatc@orféﬁtfatﬁog%f the substrate
drain and source regions. |In other enbodinents,

101, iabipviigutte &¢ tlicDiedzqarad 656G aiieN GRteliA halify; & |sﬁ1ﬁﬁxelémtenspacmg such as
t hat appropriate dopant profiles may be provided so as
Sﬂlconfﬂﬂsmé‘wab piicopfambayred St lisrmayfbe e de W crposdd Gensigonductor layer 102, thereby

nsistor device, fully depleted or partially
forming, é@ﬂstéfth R 2507, dat%wﬁawgﬁn Cofrr@g&% nde pEnientpsiae aaterial 112 may be

d
cons1depeﬁra]fs %rs{}?%ﬁ %?mmonduc?ox ﬁ&Pzﬁesg%cg | e dA%br%[ ?attg(cg s?qpé% gf g]ec&;/gemlamum or

sxhcon/&ahﬁﬁ 15 Sliffefbnd h’bl@lkéﬂ§§§ticgfsp£clﬂ1% é@%ﬂtaa&%ﬁnﬂw hpo% For example, for a
approxi mately 100 run and even signi cant y | ess the

silicon/geptidtubnaafer bl ditbeipsaed hthesf ls@iyarand OdAaimidgl vihbGin %rg'el%ﬁmum contents
insul ating |layer 103A may al so be used as a channe
may range g 1 A> eerelc paréross the bdveal dattice gepie prager icontaged tosstlic@rund, therefore, if the

. processes mmy be adapted to provide an appropriate
mateﬂﬁ@d% HEEPr afﬁh the sqane laﬁmsqaahaﬁs iths pndeglige tepplgteolihe Javsr 102 hreptrpidd material

is fonne(:l v% tehds to prowge com%ress ve stress to ade acent materials, such as the active layer 104A, which
may include the channel region or regions of the transistor 100,

In one illustrative embodiment, the transistor 100 may represent a P-channel transistor, the active area
of which, i.e., the layer 1044, is to receive a compressive strain 50 as {o enhance the mobility of holes, which
represent the majority charge carriers. Thus, by providing the compressively strained semiconductor material

112, which may extend in the depth direction across the entire layer 104A, compressive strain may be efficiently
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WD 2007/ 053382PCT/ US2006/ 041560 correspondi ng si dewal
vapawensizgucture, 1.1, the width of the indivi q,l{qll S2006/041560
sidewal | spacers within the sidewall spacer structure
and the corresponding i nplantati on paraneters may be
korelhigaiadljLis e thautsy ibih@iee t hevdRsh 116 dud ARy BFPTd6l d the 1ayer 1044 and
Figure I g schematically shows the transistor 100 after
also gt preiniedep [ W tbiclorendife tutid imbiating ldesiOBA heldhepfy@CO8S Similarly, if the transistor
100 Seguence. Thus, the transistor 100 conprises a
TEY GEREEIT A pelewel tepsistpstifrreateript 13 g nbatmed & atthstigdtang a tensile strain,
. t 05. erein the acer structyre 115 may .
“w‘e?%Jn*‘cﬁ% chgt%g aé Al SRRl OEPRECP Sisrigahe Pyl 112 may be
rovidddGn MU RE or ARG,/ | 90y ' ends 1he .
g requi r ed horizg%¥a q%%%gﬁgigro @ngg “%m$%§%é%ﬁ93%mm”mmmm’me
strainelt Iadttc.t’iiaal@ﬁ}' SRUK Qo REkRAly bliBnd doBin Frﬁ]ﬁthpfa?é eat asqgr%rgglth%'mateﬁal 112 is
two individual spacer elenents, i.e., the spacers
formeq pElagst A@BBrbstniElp the eitite thidoaesObft thi Byed 16Pe Giof BRApIEQRARY the epitaxial
rofile in the drain and source region 118, wherein a
‘gm“"g BOPeESs 6 streritptepn o areridgdon thedoyen ¥)2 app bofpisitdehy thkrediat el deposition

inthe. layer 104A to appropriately connect to . _
smosplletel s SRlea & St Br SRBeTBreR! (i et ityoter e vesaod incomprisea
S etal sui éﬁllgdé1 regi grﬁ’é '&%p%%fegﬁg%ﬁ%m h§§‘a‘blsea"fygi%%§?“hﬁaﬁﬁe”fa°e 114
betwe@ithé RgerdI@ANn@NBAS QU] G& 4180k QiR Rt Lhegat i
el ectrode 105. Since the regioﬁ 04A ig Iaferéﬁ??(hmmdmgmlme
devicegenulragels, npy b¢ dreosgddriaione the sainct @nthicdas: samEgnial 112, a
cotresPonding strain 120 is efficiently formed in the
| dyeare Hoalgmpticalbhwbows & itpisisipr @¢vice HBO pavtrding mowhed Allist@sve embodiments,
“mmd#%dr.ai_inf&ge vianiLg of the interface 114. In the
BKPE S BHBWT ¢ B VP A T 3B 4 wader 11ty bt foemed om ghe sidewalls of the
¢ONPLESSLME. ; LN to _enhance the.ho "nohi lit ,
s SPRBEBR AL AL B o GUBPRSTol EHPI G B g v e
epitaxi€lpadHAChrScetsh ahus ey Hol B acl A€o 1 f i S i
fon g b opue J a_t il gn OOf . ﬁe t? aif;}ésu?egltbga?l%ﬁ%é%%tb spager layerAfgr instance
comprigaie kitss dipxide 8@y bd@osittdie atcb@ttHbiSt@ion 308 PBY PR QLARAA recipes
on the basis of well-established process techniques,
and theipedier e nisqtrpie efeli rodeds| mpythe atiforsedubottiveren ierialof 1he §Ster layer from
hori ths desi gn of the spacer structure 115 and the
onzcm(t’eglZa ?Vé)gﬁ Eis.{]ﬁoqs%qngﬁﬁlgtps&@ﬂ e(lleg}'@!lté éBi{%a;@.@ Fornesd yo thdisprgéry 108A and on
. t te.t unction in an
d A b g i - 1y .
st BIRRS B8 601 St RS 20118, D s o
growth hRGdsQ NG rgabﬁrti 184 { PSS 1e cosy MGG A L8 o LNE o
et al s?lfgldesﬁgdions 116, %T@Qﬁgéégﬁw @ﬁﬁ%gm%ﬁwfﬁ@”mmmrmw

epitaxidd @®ivs: pedcestRitereRShBkd HAGHI &R AN RISotor SHEN 08 5ctd NG grown template, -
deposition of a refractory netal and a subsequenti%eat

since arpyrogigt restatling weioisngutli atthienglotdie 1015 e Syan 04 Ndr©coRBEBy the spacer 113.
silicide, when the %ﬂte el ectrode 105 and the drain
A comegoaipnisrasssiFe @y byrdAaceds it ondinsets i wiigribd Reantd4A and 102 may
&ﬂaianDQHi of . silicon .. It shoul d be appreciated
TRAT e COfPRJUr e Brretionad fsiieesinrn ooy shesminisl prawth process
formingMhedtieBa1} 16k & Seel2h @0 1%9 r%Qet Y I%Qﬁi%g&(a)rlélc erfst?croﬁgn? gg% F@Zgoqgflt fain

transi stor, since, S case, a CO

i Hiet R R @RI 1O B YramiQP id@»!i(,%qe& A g:?ﬁerr GRafeel ngnquh%ng stage

mobility, thereby al so enhancing the Ive current
according apattiiel illtiyfraidh cibv@ingten,ivierethQQortibior@leRRiker SIFRGEH 172R tSnové to expose
~tensile strain may be generated by providing a
the sidewqlt 104 pbthel larrg 1104 A5 t 4 aprrrerbndiegmpaciin chuotad bf thatpedel dbmdnd NG leave a
” 12@ in and source region 118 as is previously
residua %1 BPPE AecoRmsa har Mieblx sqlestivsrisotprinieithyprassep | vkt dorrestivading recipes
crystalline structure in the drain and source region
118 is substantially defined by the epitaxial growth
of the WD 2007/053382PCT/;33S2006/ 041560



strai ned sem conductor material, which in turn is
weemetossst he crystalline tenplate provi ded by plchQ152006/041560
sem conductor |ayer 102 and, therefore, a crystalline
ture in the drain and source region 118 may be

c
e’ Wﬁ‘&ﬁ&é‘f“‘é@ "rfplviaid PlahityrialsnBependendlicyn fivoda hdyee efficiently removed in a
i ne configuration of the |layer 104A, which may

lnghlybse%ﬁx Hilﬂg)lc AR g@ggor\ﬁﬁté%andlﬂpfi%? refipr; dlig eg?faxial growth process may
e . . e basis of th
be e g e Bl B bR PR By iR S mestt pster 124 and

second semi con uc 0
therefor, Rk RsddebyahlindMutele

2a scHenatP?glly sho&gégﬁgﬁggg&gﬁg ?gﬁgﬁeg&mﬁcg?ﬂh%s&mmmofme
strainedeprhicaide tretridle Yor e RanpR0ir 6:0 B9 fialSde RGucfrd drhigt poltibRNSMSRYs from that

200N and a second transistor 200P. The tran3|stors
of the ?@?3 NOMQ @@Pﬁ phalt i sdhdcat daring ile fiothe epifa@il pekedh Bbcess in the vicinity of
ﬂwexom 10%Jbstrate areas or die areas and/or may

FEp %% 8%t angp degrentigt padti f ftherasomn wonfal gar ethibiribe desire crystalline

Cmnmgﬁgﬁgr may represent transistors of different
conductivity types. For exanple, the transi stor 200N

MaYeufc QP EBSHIRE A1 MW r
transi stor Zdbg naﬁﬂ%gggggéﬁﬁagg éﬁ k”n(¥ﬁ§ﬁ@r§?%WGMhpm“”

therebyThanigtoik@ed Rbfbnf1UTH §T6 a0 FRfid SRS onaRLDSb AR paldn 1124, 1t should be
having forned thereon a first crystalline
apprecg@ﬁfbemlpgug thix cabeahe porB@R2 112401 128wl nbiyhe@sIatily ibe frovided completely in the
fo nsulat|Q% | ayer 203 on which is forned a second
o on rys fraiged E“C%‘?éiﬁ’ft?foﬁ’aa@i ofut |1zpy etso 2ipdude Resgydaneliofl ultshaetially unstrained
te 201 and the | ayers

selmcog%gt?lar%eg{ gﬁ%’r g%nglfe 1HE ggrgﬁgsﬂgert? THEPTZR HEImey R grown up to a height well

below 1BE 8YhBY EHC, GlacliQ t rate 101
an d\ét heé{rfgcﬁ gr S 1 62%‘3?&’\431% Iﬂm{j&?g% majggia aﬁcp ?wr G SEQRq pogion 1128

may besgravgepartiaiieasf ofi-SkairRl ha@ @4 Qxﬁﬁpa}tf%lgnélstﬂu%ﬁ $uae 9% s ggo@npieteiy strained
may conprise a gate el ectrode formed on &

materia}. rﬁsru!ﬂadv,uimcehazy dagre2 66 ovanhienti indesia tfglﬁ&&dee&i&ﬁ Hfaﬁldaﬁé SO%QE’WEIODS for

re encapsul ated by a correspondi ng capping | ayer 2
the dewﬁﬁ bOOSzr PR e pgxﬁgblellzg nRY Bprovided ecieeiorm depenctafigd mﬁlemal or a strained
an i solation structure 221 nay be

e regul remnen
mate“a‘dg%‘*‘%ﬁéa” Pfg%eﬁgﬁ‘iﬁ%mf FEPEPEnst Ingiker geodimgnts. themsilasiakerath process
may be %Q&Nmu&ﬂ%o %Q}dﬁ.gﬁmazsea I;()o cg%fulrh\%\%{: 18%,#(1?'&2@&%%&%06ﬁ%%ﬁgzggg/onmdmed

be covered b

inapproffateS| |'Ilhéi@3|ﬂe1n|tﬁef |ﬁgﬁm dj d Myed

appropri ate nateri gl %hrlulﬁigtglrhg inga%ks ?1838 : bgus 1t1ﬂ116(§] n :;omg dﬂiusnatwe
embodirpdnts, @i the tlesie miikeﬁa‘tﬂﬂl&d &E:hrﬁﬂﬁés&n&ﬁtﬂ{gaﬁé Bl éfQﬁe sggcexts h@SA the liner

transistors 200N, 200P may require that the
109A arﬁleq,lq %ﬁpﬁ‘ﬁﬁ’] @@erdp'?,tt]tfe@gnqtlpzapfsanst)prbwabeldlemn aphadtiBbukdire and intermittent
corres $ ? for instance by individually generating

Pog ?%PW afltﬁth}lﬁgoceﬁgnﬁqé proyiétgg &q(rgq}nr@f dopend pesfilet thadefine drain and source

ot her appropriate

regions, ¢ embodinTe Oe Ve,
£I0NS Iﬁ Qtﬂél r?lg A n% tp db (gﬁ(:ﬁbe{i Prg%/eis 3/118 ME5ar heezﬁtﬁred tnﬁlgl appropnate dopant

strategies. h one
rofiles thi oS 1@ 5020 han
p }ada\l\%l ot he gmgicgtﬁyr‘%f{] cﬁ%tgo:ﬁ% &Q:cé\ll-(@ as a anrs]rtstgr élae ﬁlygepleted or
partially Iﬁﬁdﬁ@d’dahz&’inﬁ tb @Ranh@ t&lionbYo BHGN¥L gérﬁgnatn&eofl @BY 88vic€ 0%0. 2% prewous]y
silicon-based | ayer having a surface orientation
explamect fo@remath ecalsd BOHIGke trris®isShid s, 2DORcsFRY the &Pdr @88 hay@be approximately
100 P- channel transistor, whose reduced hole nobility,
nnt %eﬁeg siepificamtly Jeasg the g@erﬁ%]ilﬁ bttyeen ftheHmlee B4 rand the bOR insulating layer
caon be enhanced by locally applying strain in

1034 mag ﬁ‘s" beé%%é&% Yrsmepmaha. thusdheeresponding EnnlatitRacrasessesinme de adapted
to provid® m&%ﬁ:ﬂ& Lbhec TR % I n(Q:P,iE Be [\?ﬁxﬁﬁc%ﬂé%’%} %;gllén{*‘%ntg:s purpose, the

source region, as’i’s dE
Figure la-1g for the transistor 100. Additionally, the

junction resistance of the drain and source region to
be formed in the second tnansi stor 200P may be
enhanced by providing a (110) orientation to enhance
the hole nmobility, at least in this transistor area.



WD 2007/ 053382PCT/ US2006/ 041560 Consequently, a
Voo yt/asasne orientation of the first sem cond o
| ayer 202 may be selected as a (110) orientat m?[ﬁsztj()6/0415(,o
. t‘h_gzr__‘e%@ﬁr oviding a crystal tenplate for the
bl b donht g debEsira g et ehiti & di gdiligaadyaal RALAUSitEO e sidewall
enhanci ng. the series resistance of the transistor
spacerggpfpire and the coresyragding)implagiation BOaragers ovire ré-nljublied) foBtaid SheiBed dopant
i€ manufactured on the basis of well-established
profile; . . .
process techniques as are al so described wth
I 64 RFe8 GBhenQic Tl AL : i.54 onal. | he hard mask _
235 e B e o a8 b AP KmerclG i soied poces
sequerpd) OL10d, it @GP Yo cBRhis@t-GRetAGPREAHESne 191 :EX e . ,
after encapsul ating the gate g#ectrodeés f%%elgn@tt’%%mwmmde 103,
whereip gligj sgacif strgctire @ ininepu2cla®: a [Surdkys 6f B8 G $ersi 105 L1194, e number and
g la. For exanple, a thin liner layer (not shown) may be
menspfn 06 Shick depprsh 0w e deaiyed thhizotiel rddpamrirs il erft ceripedtive aith 648 doSroe region
118 htlﬁgr}e et ched on “316- basis of a corresponding
RO BT FHEGI PR PURRH spagih EFasi, fioh de FiapRay 11 iyt 1 3 tre provided to obtain
a specBLE fopsl QR BN 6 drk after .t liner may be renoved. )
peclikE Mook PRk e o SLERU Elevioh 3. b epiesbmEns PX ncion 119 i
appropfAAY lo@utt & thORyeA 5043 ROWProh el FLL8 g reafter, .a .
cavity or recess et cér?&rgiﬁ ocee)JsCs r?a;t/&%ges Je}lrg?%?}lﬁ%ngl Hegions, which may be
locatedgn thevictny seihe ditdrteds Y21ednah 14, NEoR¥RO $RM1 BRYde:QR%s Y6 11817 may be
transi stor 200P, thereby form ng a recess through the
formed iny3pd pr: the draingapbsoligy tegion U3 aatibe gand cipotdie 1656 BineORMUGEOM4A is laterally
encloseldg%f?r 202. As previ ous,li expl ai ned, during a ‘
4 B dedast seispyonsior ataterigl bl hooprpersins straml 2D fstcickslydnmed in the layer
1044 iQfe GG I 204 reduced esgpecially when the
10y B L R G i G Bt s el show, e
sirain 100 HPMBdtrhie®Bs ANGrp &L Lk, W e ¢t 1Qqd.he. | ayer
202. Thus, in oﬁﬁe ITustr at%n\n/aélg%%glallteﬁ%%fh?y glt}%rbﬁ%é?yer 1044 and
particuliriyyethinrmy cHagnefs a0 By Rfoh AlinciRedd& 10D ltlﬁédnﬂé ﬂqg&\%\%iﬁl of the transistor
process. Fi gure 2b schematically shows the
100.  device 250 after the anisotropic etch process for
formng a recess 211 adjacent to the encapsul ated gate
TRt dotbed fthe trasiste dehthay bafshet @rhQBEIPof whesablRhed process
- additi.onal ly,..a spacer |ayer 213 is conformally forned
et B Ul 1R SR oot (Pt beast f dosianeng e spaggy sirueRIB11S and the
correspoll @Yz iRBLAAMRL38] Lddson di 9xi de, siLicon _ .
oxygnlik%_tgra i de g# anilgolérte%gdmg%6??8%??%@%“‘90@%* REpiop _“9_ m an appropriate
manaer i@tder tb ddnnédh AtboSUBSHhAMeload dt Yhe Ml § 5 L1§)d eRQskt g0 mgfi silicide
~sem conductor material during the subsequent epitaxi &f
regions fboW7hnpr cesed dintho bfdirof erDedibieRd Sechn@fles Xlch 8Bl Yieposition of a
thin material |ayer may be fornmed by any appropriate
reﬁactorﬂgxﬁtélsapq f %sqpée@h},}ﬁatcfﬁet,me@ ez pitigging the pdog@dionVetp @ktal silicide, when the gate
osi ti.on D), atom c | ayer deposition (ALD) for
‘“"e"“""degg%ad% R 35%8 %P&Ef& feeigs [iReaaprisgla sieaiffesht aangurd ofwilighrl. v

ﬂqpo%ﬁil I%g:ﬁar%gﬁgdj%gtotﬁe cga%fi lflaitti%neglﬂiigfe ]Itdgvgfg ﬁ%%gsrzgg%r? lmltfj\]lﬁguere lg is highly

char act stics conp
advantag€o@f FoRGUIOEYnIIE trdsi 8f H&E &f iRl &0 nds exhi bi ting .a
moder at e conductivity. v\,'néll1 er ’egﬁglﬁpﬁ%smf’%géaﬁe%éhsei I?%‘%lhm‘m may
significantl ineredse tha hele BRI AR bR bd Adndthg B8 @WE BurRbQEES By of He S
illustrative enbodi ments, a thickness of !t;p%e ngeer gj?egmo‘ n
other embpgimetsy a| tensie tiammarpie eenciatva be bypviling MNc&sSditiddy H@AMCRMBBnductor
ect of the layer 213 on the device behavior, when

. .eff . : .
material iy ip draap gudsoureeregipn 118 etpprstoysivicnlaited. HMomplests ingrevidvaly explained, the
. S equent .epitaxial growth process. WO
et S SRR 1B 6 L B oniel deps i il e of o

devi ce 250 may be subjected to an ani sotropic etch
process in accordance with well-established process
reci pes for renoving the material of the |layer 213
from hori zontal device portions.



Figure 2c schematically shows the device 250 after the
voormi7esizen of the above-described spacer formgd .
process. Hence, the device 250 conprises a spaéggﬂgT%%MIN“
" formed on sidewal | portions of the recess 211. In sone
raligfboiditoeintisl dtdelijspagen 2434 sRM bBe dorNBA,Qf .
material that may avoid or at |east redﬁggu}hggmhm provided by  the
SemicpEItRSST {4y 08 fands direieton ductseitinaraituenieah SeUTiin gud R8rce region 118 may be
a&u£¥g§ﬁ%u9ﬂ;,§%itaxial ?romﬁh‘process, whil e on the
TGt REP  HAN HRSPIeh B fhe grypeltrsreanfispsitioni of Fe Gonrd 044, iwtich Yaay b highly
dvaiifedi et IR cer. 213A may not have to be renoved
B e e Lo o PPt Gl e L bseon e pmiconducor oy
104 ASBIDbSLcsoRb ik o AARGH LA ORANEL O MRt ex i Al of
different characteristics an th 4 Significantly
di Fiper enthdnatidzil E@oSPAGIsOEHRH vRE 45 S MULEONEL, »hhe . .
recess 211 may be filled by avstfaineﬁmse§gcgﬁ J%@SWm”mmgaﬁmt
transipief 2800 giid apgepnd trahesta He0Pa GherdSddrCBON] 2000 & ve@EsEnt transistors provided on
mﬁéﬁﬁb tantially determ ned by the |ayer 202, wherein any
TRPTUEITCEEF b fiF taifes 1ndipe may Baseppiyantigiors bRydiftéréne attigytation and/or may
SHRRL e e 1o the spacer 213A. In one illustrative
repre embod %ﬁn%n?q,d%?eﬁeé’} ?‘?él%ugwttéltypﬁsl 2P sypisnfie itersistor ReNmal represent an N-
chann8li thahG@n/ ISk BN | (110) qgrientation. |n other
enbodi nent s, furtﬁgﬁ%gfggggéFﬁﬁ)%gvhﬁﬁdéﬁﬁﬁpﬁuéb?d%%EQSOﬁ"mﬂ
comprisgs Bboradest hivagdomicl ekl £HRNGS 1l LG € tayD
_performing a multiple step épi%gaigfSgr%&?CEE#g%é?%fdbwmtwa
buriedipsylaiing 12r ¥ e vich Gafolmed 8 haws! drReIRE VdnS@nR50: Rfd: 864, %Regarding the
b first step_of gfitaxial grow h, wherein a first
CHArACISBTE enlhe $BAast 208 end B rietere 6% 20treir 108 the wricCliteRR Yipde asBpreviously
descri | ned eri,al or a non-strained material, is
escnb%% %ﬁ%ggﬁeﬁtr{?&g s bétﬁa éeslgl S the ’I%*fse]@@ae]ro?’ aph s patermaadfadiing stage, the
first an 8¢ oA GraRBlols 280k Bo ved to forma spacer 213B that
exposeg the s§deﬁgﬁﬁ§058%§”ﬁ?“ ﬁ%ﬂﬁ%gpéﬁm%bﬂAngﬁ@ﬂMmﬂkWﬂ20Q
wherei & tehta kledt@BdR S a0fe FlasPRFLL n% i be ,acc | i shed
by an isotropic etgh&p?ocggs,oaéﬁéggg%%W$3ﬂ§T§ﬂBmdmm””‘“mwm
2034, @@S@Vﬂr lepbnding du ‘hﬁﬁﬁ'ﬁ@ﬂﬁﬁnﬁs,%tise@ﬁ&lgmﬁe 2121% be provided to separate the
Fi gure 2e schematically shows the sem conduct or deviced
fizst angy g@ongﬁrﬁlé}stolrsﬁéo%@ﬂw, éhitlenncod, it fiest @pbibieodoal gy ©Mobered by a hard mask
Zm‘mﬁ%%%ezs and the renoval of the encapsul ations for the
> MHATEY &1 CEPY B S listenitdrasiichrdipddeny aly otr dpiveprh@mdierms k
2 Lhy vi.ce 250 conprises an upper portion
T R e B R R it ot s b G OB, 2007 ey
ire lfat ! C - r-lying location
require dilat @ ;beﬂ%:@r[aﬁ& & tgéséf tlgﬁsls%t“s @en}éld!"’l%\lll\ﬁ Oeni{%;(é r goéilgsff’m%mindividually

whi ch now exerts a desired stress
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vicinity of the surface 2045. Thus, the overal



waf 200hres3sgransi stors 200N and 200P. Thus, the tr, r
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211 adjgepg I tprenesgpulated et elechatebyoftigisargnd taesisn deip| WileRigh, additionally, a spacer
1aermg£yst IIing material as a growh tenplate. '
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. have.to be forned as is the case in advanced
material %‘ﬁ}dseg%h Iltalé égm OdFﬁteéza%?t’é'ftﬁ”d’ﬂ]ﬂéﬁedWI the dappsitivg raté i a subsequent
epitaxial W&y ' transistors, such as fully or
proisl SRVEIIES dhat i e L RBREHPET s 4R e Rur st menot e tan
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efficiently strained on the basis of the enbedded
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enbodi nents di scl osed above are illustrative only,
the invention may be nodified and practiced in
di fferent but equival ent manners apparent to those
skilled in the art havingjthe benefit of the teachings
herein. For exanple, the process steps set forth above
may be perfonned in a different order. Furthernore, no
limtations are intended to the details of
construction or design herein shown, other than as

cycl es, however, are perforned individually for each
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1. A method, conprising: formng a recess adjacent to a

W et/iogage el ectrode of a first transistor, sgice/hdabtos1s60
gate el ectrode fornmed above a substrate conprising a
first crystalline sem conductor |ayer, a buried

i n@ﬂpéiaﬁgﬁm@m&“é%@ﬁlﬁofn%gz%@gub%@te§ i ar-li.kcfh%ﬂio Qt(:l?’ﬁx{)azlssj ih D& ordance with well-
sem conductor |ayer and a second crystalline .
cstablBipooeselCib® for keypeiip OB @fhe 33t:d1 DR BEizdnhS &AL podhss.
| ayer, said recess extending into said first _
cr%&‘?‘é?‘? poemasienly clorvd st devict APesfter dipichaxétimh of thy rabwierdgscibed spacer
trai ned sem copductor material in said recess; _
f°““af5’%]rfi*}?°ﬁS§- Henspdherenfi o8 Gerprecs perica 1A fogagdprgidewaliregions of the recess
' mat er i by .i npl anti ng a dopant species
2. SERERINELRL cTRLE B R B nitery SRDRR 0 o Bt rtuce e
deposia6ly M&EJM@&d@Ct&' RaRN d%n@ftlllel sﬁbs@t{uelﬁ %1gx1§rgg4v§}2%r§%gf§cﬁ%lr]oﬁlz_ﬁ,e other hand

to define a first channel region an (
may erléigi Dmpdesailyohift ¢oBducia R et th@ﬁ)_@&ﬁﬂmﬂtme@moi e fof RGEnREq during the
a gate insulation layer and said second sem conduct or
Subsequgsf/ epitaxish pigwherrons. chanmehpls, eghighy ldgedtsediconductor material of different

characteristics and with a significantly different lattice spacing may be used. Moreover, the recess 211 may be
filled by a strained semiconductor material 212, the characteristics of which are substantially determined by the
layer 202, wherein any influence from the layer 204A may be significantly suppressed due to the spacer 213A.,
In one illustrative embodiment, the material 212 may comprise strained silicon/germanium having a (110)
orientation. In other embodiments, further processing may be continved, as is also described with reference to
Figure Ic, by performing a multiple step epitaxial growth process.

Figure 2d schematically shows the device 250 after a first step of epitaxial growth, wherein a first
portion 212A of semiconductor material, which may be a sirained material or a non-strained material, is formed
in the recess 211. Moreover, the spacer 213A may be partially removed to form a spacer 213B that exposes the
sidewalls 2045 of the region 204A. 'The partial removal of the spacer 213A may be accomplished by an
isotropic etch process, as is previously described with reference to the spacer 113A,

Figure 2¢ schematically shows the semiconductor device 250 afier the completion of the epitaxial
growth process and the removal of the encapsulations for the gate electrodes 205 and the removal of the hard
mask 222. Thus, the device 250 comprises an upper portion 2128 of strained semiconductor material, which
begins at an interface 214 or at any lower-lying location, which now exerts a desired stress 1o the region 204A
via the sidewall 2048 to create a desired type of strain therein. For example, a compressive strain may be
created by the portion 212B when the transistor 200P represents a P-channel transistor. As previously explained,
a desired degree of overgrowth may be provided in accordance with design requirements, when a transistor
architecture with raised drain and source regions is to be formed. It shonld be appreciated that the portions 212B
and 2]12A may have crystallographic characteristics that are substantially determined by the semiconductor layer
202 as is also previously explained. Due to the “late” exposure of the sidewall 204S during a final phase of the

epitaxial growth process, the influence, ie., lattice mismatch, of the layer 204A on the portion 212B is
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at an interface of said buried insulating |ayer and

ve@rw7eenend sem conductor layer. 2. The net h%ﬁggszgwﬂmfﬁ
claim1, further conprising formng a sidewall
on sidewalls of said recess. 3. The nethod of clalm

signifiRi I8k SRR hiah l:h)éragtgrgy"és RY:ne %rgonitl fl?are &%stanti?]ly determined by the
sem conductor nateri al conpri ses grown

layer %@ér Thao s, BfforSatatloeSt (1ad)REehSies ?Qﬂﬂé@ﬁ e lzﬂ?ﬁtﬁﬂ 1R portion 21 213 may also
enovi ng an exposed portion of said sidewall spacer

have sglgfaana}léeéglg) ervdiatco it R aweptabai ahoapiof AXbalregilMbsn the vicinity of the
further conpr|5|ng

thod of claiml,
sutscEATTTR 1 pl branspereor a8 tahi e Plom g, we d Sty

enhanc(a@@h%f%ﬁy Hﬂon% 111(?r?asig% lu%é rg[i%\,g” caﬂ%@ﬁﬁg th%%fa%oggg% m 4,

sem conduct or

f wighlo ef sk aiPdntgs holHNGo a%ﬁ’?hgx gv ce I;]nsa{lusftcgjfmgl stage, %!Iere the first
second transistor ar ea, Sa| secon

and seqomtﬂrmdaswrg 2@ENCIZ@P Rach BENpSIOL B ediRHpRB: s@@éﬂr@ ed il REGINEL individual
rystalline sem conductor |ayer w thout extending
spacer ﬁlﬁp@@éﬁ% al®, vhertie de pmsu btakierg1d AyRfensioned so as to obtain a required dopant

profile in drain and source regions 218 of the transistors 200N, 200P, as is also described with reference to
Figure 1g. Consequently, the dopant profile and the Jocation of corresponding PN junctions 219, which may be
of different conductivity type, when N- and P-channel transistors are considered, may be defined such that a
double channel configuration may be established for partially or fully deplete SOI-like transistors in which the
active layer 204A has a thickness in the above-specified range. Moreover, corresponding metal silicide regions
217 and 216 may be formed in the gate electrodes 205 and the drain and source regions 218,

Regarding any manufacturing processes and techniques for forming the device 250, the same criteria
apply as previously explained with reference to the transistor 100, wherein the corresponding implantation
cycles, however, are performed individually for cach of the transistors 200N and 200P., Thus, the transistor 200P
comprises a drain and source region 218, which provides a desired type of strain 220, which prevails at an
interface 221 between the gate insulation layer 206 and the layer 204A and also at the interface 214 between the
buried insulating layer 203A and the layer 204A. In addition, the series resistance of the drain and source region
218 may be reduced by appropriately selecling the crystaliine properties of the epitaxial grown material, which
may have a different crystalline orientation compared to the layer 204A, Thus, the transistor 200N may have an
enhanced electron mobility due io appropriately selected erystalline orientation of the layer 204 A, while the
second transistor 200P may be enhanced in performance by providing the strain 220 and providing an optimal
crystal orientation within the drain and source region 218. 1t should be appreciated that other configurations may
be selected in which, for instanf:e%= additional strain-inducing mechanisms are provided, for instance in the form
of the sidewall spacer structure 215 and/or by means of a contact etch stop layer (not shown) to be formed over
the first and second transistor 200N, 200P. Moreover, by appropriately masking one of the transistors 200N,
200P while processing the other transistor, an embedded strained semiconductor layer may also be provided in

the first transistor 200N 1o further enhance the performance of the first transistor 200N,
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6. The nethod of claim5, wherein a conductivity type

vob 28@idsfkrst transistor differs froma Conducﬁ&ﬁb&%mcm4nmo
type of said second transistor. 7. The nmethod o
claimb5, wherein said first crystalline sem conductor
| é@e’é&ﬂf:i%tdiilf;'ﬁ&ri’&&a‘eﬁsﬂbimcsta,h %x‘(ﬁ/ﬁi@@ mdecﬁiaﬁ%t l%tlén%%s an iPF roved strain-creating
sem conductor |ayer in at |east one of crystalline
mechagipip St s e dOhtiteariiaad, oI POSEddRA straindd selbRE1TRS YL is formed on
J wherein said first transistor is an
i

the baﬁ%{ %tﬁala}%%ggl Eit FHIST Grogsh tnbrrishinghlasisg b, Sertivosinglte t@ierlying crystalline
met hod of claim

materjzi% We a'omﬁenﬂnla%]: %ﬁegursei{]t%? ‘Sug:s{llng%gca ﬁp%ogigtgqjg;@hgﬁh@ formed adjacent to the

ereln sal
] h . 3 a
entire ztcﬁ*&l’h‘éxhﬁ&rﬂﬁct&@%io%%rﬂeé&QQMﬁ§£imu?a9difélxgctr,otﬁere!bg Yn%rrov%g%he stress transfer

<110> orientati on.

mechanism. Additionally, the crystalline characteristics of the strained semiconductor layer may be substantially
decoupled from the crystalline characteristics of the active semiconductor layer, thereby providing additionat
design flexibility in obtaining enhanced performance, especially when transistors of different conductivity types
have to be formed as is the case in advanced CMOS techniques. In sophisticated applications, in which very thin
SOI transistors, such as fully or partially depleted transistors, are to be formed, both interfaces, Z¢., the interface
between the gate insulation layer and the interface between the active region and the buried insulating layer, may
be used as channel regions, wherein both channels may be efficiently strained on the basis of the embedded
semiconductor material.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. Ii is therefore evident that the particular embodiments disclosed above may be

altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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10. The method of claim7, wherein said first
transistor is an N-channel transistor and said second
sem conductor |ayer has a <100> orientation and
wherei n said second transistor is a P-channe
transistor and said first sem conductor |ayer has a
<110> orientation. Il.The method of claim?7, wherein
said first transistor is a P-channel transistor and
Whaisetldmedid seni conductor |ayer has a <110>
orientation and wherein said second transistor is an
N-channel transistor and said first sem conductor
1. | ayarmdiasd, @osk@mg:ori entation. 12, The nmet hod of
clajml, wherein said first crystalline sem conductor
| ay E¥MUiefaIEFESS pdigen s Qi rsletdndCeioge oo fifshansistor, said first
a8 SIRLEQRAVGE L abh &Y £E ub%f:‘at?%mln A d PNk afyst?ltgi}ﬂé %&ﬁ;llilcénﬂﬁﬁtor layer,
orientation and nmaterial conposition.: . e met hod
a befieddhailaing, laysh Eraied og adid et caisrdthesenicomhaue ayer and a
e Clahind 8,56l ected t o generate. conpressive strain in
seo B G a@inh SRV RRLET 1 QERRLEGUETERU PR bR Bhb il ess
extereliiyoidioodaidctiai arystdlinodatieinduaat dyat r ai ned _
senicondHctor.naterLal conpri ses S|l|conﬁ9ernan|um
epitaxially growing a strained semiconductor material in said recess;
forming a drain and source region in said strained semiconductor material by
implanting a dopant species into said strained semiconductor material; and
adjusting a dopant profile of said implanted species to define a first channel
region and a second channel region, said first channel focated at an interface of a gate
insulation layer and said second semiconductor layer, said second channel region located

at an interface of said buried insulating layer and said second semiconductor layer.

2. The method of claim 1, further comprising forming a sidewall spacer on sidewalls

of said recess,

3. ‘The method of claim 2, wherein epitaxially growing said strained semiconductor
material comprises growing a first portion of said strained semiconductor material,
removing an exposed portion of said sidewall spacer in said recess and continuing said

epitaxial growth process.

4. The method of claim 1, further comprising covering a second transistor area while

torming said recess and epitaxially growing said strained semiconductor material.

5. The method of claim 4, further comprising forming a second transistor in said
second transistor area, said second transistor including a drain and source region defined
m second crystatline semiconductor layer without extending through said buried

insulating layer,
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45. The nmet hod of claim 14, wherein said first _
crystalline sem conductor |ayer conprises silicon with
a <110> orientation. 16. The nethod of claim1,
wherein said strained sem conductor material is
selected to generate tensile strain in said second
crystalline sem conductor layer. 17. The nethod of
claim 16, wherein said first crystalline sem conduct or

- | ayBle methpd pEaainsy, Mhewin akatduetiy0gpe dishigritrattiaosistor difors

hthQoﬁﬁhhgg gfe% Q%@%&bmﬁ@%ke |} said drain and source

regil ons are a| se SOUI‘CG regl ons.

7. The method of claim 5, wherein said first crystalline semiconductor layer differs
from said second crystalline semiconductor layer in at least one of crystalline orientation

and material composition,

8. The method of claim 7, wherein said first transistor is an N-channe! transistor and

said second semiconductor layer has a <i00> orientation,

9. The method of claim 7, wherein said first transistor is a P-channel transistor and

said second semiconductor layer has a <1 10> orientation.

10. The method of claim 7, whetein said first transistor is an N-channel transistor and
said second semiconductor fayer has a <100> orientation and wherein said second
transistor is a P-channel transistor and said first semiconductor layer has a <110>

orientation.

11, The method of claim 7, wherein said first transistor is a P-channel transistor and
said second semiconductor layer has a <I 10> orientation and wherein said second
transistor is an N-channel transistor and said first semiconductor layer has a <100>

orientation,

12. The method of claim 1, wherein said first crystalline semiconductor layer differs
from said second crystalline semiconductor layer in at least one of crystalline orientation

and material composition.

13, The method of claim |, wherein said strained semiconductor material is selected

to generate compressive strain in said second crystalline semiconductor layer.

14, The method of claim 13, wherein said strained semiconductor material comprises
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silicon/germanium.

15, The method of cfaim 14, wherein said first crystalline semiconductor layer

comprises silicon with a <[ 10> orientation.

16, The method of ¢laim 1, wherein said strained semiconductor material is selected

to generate tensile strain in said second crystalline semiconductor layer.

I'7. The method of claim 16, wherein said first crystalline semiconductor layer

comprises silicon with a <[ 00> orientation.

8. The method of claim [, wherein said drain and source regions are raised drain and

source regions.
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