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WD 2007/ 130240PCT/ US2007/ 007843 A TRANSI STOR HAVI NG A
CHANNEL W TH TENSI LE STRAI N AND ORI ENTED ALONG A
CRYSTALLOGRAPHI C ORI ENTATI ON W TH | NCREASED CHARGE
WOARRY BR4MOBI LI TY BACKGROUND OF THE | NVENTI OByiiis2007/007%43
51. TECHNI CAL FI ELD Generally, the present
invention relates to the formation of integrated
circuits, and, nore particularly, to the formation of
transistors having strained channel regions by using
ASHRANSHRTORE Y ING & 6HPOOEL VERBITENS ILars Tarine d e REN BEMAadONG A
CREYEALLOCRAIECAAENTANDNS WL AORAE RN S AR RNMNARGER MoBILITY
charge carrier mobility in the channel region of a M3S
transistor. 10 2. BACKGROUND ART ___The fabrication

of integrated ci W@g—@mti on of a
Lo a%&!ﬁgﬁ:ﬁeﬂﬁ circuit elements on a given chip area

ac Getedhily) ghetp@es@nt BR@dod deletek 6 the Cdhdtion Soietrated GRAGE, ahd, Yiore Rarticutarly,
to thi kddhibh Bﬁytraggxstd?g 9&@15 Sotr;u%g bﬂgrllepgzlgxgé b@ %:lew[nQMlL %g sources, such as an

embﬁ&e@%%&u;e%? pr m e’ dr%: 8?cg 5pUrce EE Brg, t%ﬁ’&‘alfcﬁ émrg‘y w@ner@%ty :itshe channel

regiop af ‘bﬁi}s“frs currently one of the nost pronising
approaches, due to the superior characteristics in

1. Vi swcebropanpaidng speed and/ or power consunpti on

angﬂc%br&:ﬁgrq oqutggjtra%g%ﬂwts 1ePilres }mlgg C{\?&E[alf %%%mh%{ of Sz}cmt clements ona .

ex |1 nregra CIFCUI

given c?xlpl are&nagcob gttP éinsg?cg“tegrcgcu:t lay%pt %eal.}érm@waltq aﬁg:pogstbd?cénologms are
currenfly grapticeh hpah, fercameéxsdronitsy, suglf @ ofiepreeksen st ehigt andithe like, CVOS
technplifgg] ikl dinlaglyaanél b8 abdt ipR@iste BpreAndd al0b tﬂea,,ypﬁﬁer oﬁarm&cs in view of

operatnﬁ,aﬂ,%li laRF povJe{ Jo%gﬁ%la}{cﬁor QJst em%ké}e bu% tllél- fz%ng).uodn of coanplcx integrated

c:rcu:L u?in% Fg@g tesc’:g n_010§¥ |m‘§i‘°'ﬁlﬁ? traurs]:t ! agzlsstcgarg{zell %@g‘?‘g‘g F’H mmﬁytranststorb
o T Gy SFPHEE f&?ludmggviﬂ;ryswa@bwn@radaptw larrd  SOUPE arapsyi, Gispective of
whethgg dnfiN- annnemae:nsceloya d@pﬂﬁbl channed coh@Gicn, rboxdﬂ)rﬁ&@S@ﬂ[cd PN junctions that

are fRRIIWSRR ididiBce A Bishly Ei@:gli @Bin @HM@L@@mé% Wt of ﬁlgér&@ doped channel region
ispod BB CARANGELL KELY o Bl LD, channel Tegion. 1.

drive current “capabi Isome[e&fo the conduct ive channel IS
controlled by a gate el ectrode forned near the c_hannel
r é@q‘e@ppquidityscé pjapaatnecd rdzlverief he mvbyuranttchﬂahllaiymsmu adnllRGve channel, is
contrdilgy@ra.gate ABcoddtGorGONGEGHd Mdnh « c@iﬁan L @cp@r&@@tﬂ&lﬁ‘oﬁﬁglagnw insulating layer.
The c%%vﬁp&mﬁ;é}l%ci Qéuxoq iﬁ‘)gm Q)H%agngn oef a cm?dng!xl%!a chaiuici (}uc t(i tlac %pﬁhcatton of an

riate contro
appropgrp{éec Orétfoec‘fq 5 t@ meo%‘ﬁe eﬁg Brithy Gdirattene 6%%@HftP&t4‘°oﬁ°b’ll‘Y of the
majorih fRarpgiricts ), & aghen Frigfsor ot e dirar! graion arthd rensistor afddh, dirfa@ipn, on the
distange {grrween texbe@rSudnirod righes, chaniekisor @grantol 8 hfifel length. Hence, in
Lomblﬁaﬁt&nﬁiﬁtﬂ@ruaﬂﬂbﬂtymfdhﬂ'zcﬁygr’eﬁﬁg agauiin.chﬁ: g#m%t:la&?og! {gg%m&rlg layer upon

dpphcgtBS“ O%Qt%r c%ﬁtmq gitaég %:% qlc T—ale ectrddc\l\égc ov '1%1 OflﬁiuSthwtw%f ﬁhet :H)énncl region

channel e, I'n conb
S“b*"aatﬁ%%“’rwiﬁ ﬂﬁfpﬂF’amnaq G v PSR Os. SBdbRePogien eFBpERSl teagh, and
associfies]] Hstevwithdhy mdugliont ¢fnige ¢hannelrresispory, renders the channel length a dominant design

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

The contiruing shrinkage of the transistor dimensions, however, involves a plurality of issues
associated therewith, such as reduced cbntroiiability of the channel, also referred to as short channel effects, and
the fike, that have to be addressed so as to not unduly offset the advantages obtained by steadily decreasing the
channel length of MOS transistors. Since the continuous size reduction of the critical dimensions, Le., the gate
length of the transistors, necessitates the adaptation and possibly the new development of highly complex

process techniques, for example, for compensating for short channel effects, it has been proposed to also
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30 application of the control voltage to the gate

el ectrode, the overall conductivity of the channe

region substantially determ nes the perfornmance of the

wiBot/iansi stors. Thus, the reduction of thepehagngloorss

| ength, and associated therewith the reduction of the

channel resistivity, renders the channel length a

dom nant design criterion for acconplishing an

increase in the operating speed of the integrated
enhoger thufhpmel @EMhite ofthd marbing omertn kagecohs thehdgcansibshddility in the
charGlil RAGH BAS, iVt WAMAE , ledglhy QMBS o Feripd Wedbokchiat Gy :icS:@M@Sa performance
m'npr@%@&ltﬁaq %dcotnngxbﬁa\’\ewtl the §cHrgxne ?0511 ﬁ.@&ly Qflgwfgapscrdg lVJhlﬂ, vo1d1né/ or al least

|so rere to as short ¢
P‘”‘f’e‘?‘% 3‘t“§’ ° @%%Plt‘ Sl “H!aihc AV 5B At §’é‘bﬂc§‘63 sgdive
to not unduly offset the advantages obtai ned by
st gadicltyicd @ctRast hg irkdhaing harReic dmex&grhdmumf is Mnodification of the lattice
studik ARSheS IS regii;nn ﬁo% mrszl;}@e &P @Jeatﬂg @,Héfe Sk &ﬁnp(«em}é%&sm &?clf fsiniy of the
chazmg?ere ?anlst IasC% prodluce ac osnsndmg in in Ee %1 l ROt r‘% nj 1 e, a modified
arsi st or s, necesslfgf £ ad AT o ﬁ e a’ﬁb§§1%wy
mobifyeon el Efﬂﬁ*re‘ﬁétpccﬁfcbhl @ﬁley’“@iﬁnﬁ’lmé%“%w% @t channel region may
increpyg cthn mgilég of fhales, dxabyphreyidifeo the powpien Satiingridzabe sdidftance of P-type
transGRAN 0B kne 6hE86d1She drdatidABB 1RSI r&@&%ﬁﬁieltrc%mﬂlo% N-net transistor may
mcre?rgg?éu]oﬁ %é‘igteclrli LHéﬁg&gZ{n oQ %30;' ?tﬁuh acn%gceztirggel £ m?ehratecll cax‘rsu.lutn fabncauon is

conducti vit nsi st or
AL e BEPFHERT ROHT o SIS e AT PEgiRe gfon may be
consigergl] e “reWanpebl dewitgtiirtor mheridbyhidf fher dinpge thhdbpatiendfital powertul
semif@ituc@E [k v@Md REGhdr PEEH BRRGE. | SHPLOMEIR NHhatdrRal whi many of the well-
esta%&@ﬂh@@étﬁmﬂeﬁlm Lg%aﬁgz\!’l%p%@i to a future t echnol ogy

node whil e av0|5|ng or at | east postponing many of the

probl enms encountered with the process adaptations

as J8ETE-H spet wraiscle dela oy of PMOS transi@ye isehlfapeefl énforming a
straingd ghiankenmelor e Brigasiingd tdigoe CRURNYE IBAfahdi@iis, MMM ihE Yompressively
straideS drkid endm@ld&e r!zgq“cﬁg Lo SQLII L.he alJJQ'IeLt sglgon%tl{n“&téﬂroﬁ td ik ng the drain and

sourc% c%cns%u rcrg gsl cQ‘rh& IIIVQ(SS lrz[r]l% F}tc?fgga:r% forxlecf on t % tf?(ﬁsimﬁlanl{atmn Thereafter,

onpressi've stress
fcspefté@ POTE Bpagrs A oOReED e oo wwtﬁd ﬁg thstdplagitign piihedyep drain and
sourcg frartived and g imowl, siliskie @h lrtesuhdfguring goemroltick ioatk tmbiidaiof We deep drain
and do@Ee ﬁ‘acﬁ&k I @RS re@ibsh Jﬁﬂsle@&wclf 3ReQA hh@by the El@éfwaﬁ)éﬁm, Qhile the NMOS

ans@tQm;e%&ey es@gcﬁ@htﬂ/ la ng}Q# & s&h@%@c@llﬁer ebx?a'ﬂmﬂﬁé/ ez‘d& Qalectt'vl;cllé formed in

the Pl‘\/[%% tra sasto he tan '\E E.}¥ | S o) g n/

poten *8”&%%‘MW%;%WWW%&%WWﬂ%““WWWE
gwat‘tfrﬂ&ﬂs’l“sﬁéﬂ@ﬂ hertitréatip iver sHentisomptien breatirgng He lattice spacing of the
silicot,eif Grolwd uBdeF @briiprdsfivel di@in,CRHANNE lefficRElyQRNE re@ o Ne CRIARN &kion, thereby

compt&@fé@'s@tn@:fg BYicdaNGESASEis Bl e@x@ﬁcfng&ndm bl:'lel!stuVa sngﬁ'@ant performance gain of

the P—cggnfleq ?rg‘r%e aQCIPgmces% gu}ze'l as F:oOnE::e fgas Ieeq sp?(%gsu? ?(errt chgr]nfll tmnsxstors by using a

5“‘°°HF36‘?‘P1“S‘P% Llafipr ach 18 it frar el Feriditont | Biisrosulting gain o
perfomjapgeehowar, isdosaprphoancedhangiarred. stidck do firdrerylehe setinshageivelte further

perfolBna@ rod@ mdehhpemOfor &oﬁxﬂ&ﬁ@ RAHGhRke! 9@1&@ rsi.uﬂll as inelsENuoPRY levels in the
chann%ﬂ@é%nelu&ih\edigl?cp{cs gl%te g%g mg.rlatxmﬁli}/er Qn%vtﬁa lr;ktl-.J 1t :s howcvcr, of hi\g;h importance to

) } sen ductor devi ces requirin
PrOVIESIES "Eﬁuc‘i“%s on AR R T "‘(ﬁh?ﬂ“@e%‘ﬁﬁ/f"b’f““? ﬁ@’ ’Wéf‘ﬁg”d‘“g approaches by
‘“’m"“’é‘éff %?EfF"iS%@?JC'mﬁWF&C@W}WQF Y-elehw epuEgorntayusigy ftfajn-ilglgeing mechanisms,
such agst@thed siticon/ carbohil@recefl @rdee kel Some approaches, the hol e

mobility of PMOS transistors is enhanced by formng a

St{hael pegeqt x%nlfeln 10%QSn i t o r\]z'\n%m mgf oedsr: arldrl tehe lgar 1?'1 ns Ere q)r at least reduce

sour ce r.egi of "t He P RRE TETSE £ WHar dhPPhig ’
some gkt %%s?V%FVm“?ﬁd§?Falned drain and source regi ons

create strain in the adjacent silicon channel region

To this end, die drain and source extension regions of

the PMOS transistors are ftornmed on the basis of ion

i npl antation. Thereafter, respective sidewall spacers

are fornmed at the gate electrode as required for the

definition of the deep drain and source junctions and

the metal silicide in a |ater manufacturing stage.

Prior to the formation of the deep drain and source
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25 transistors are masked. Subsequently, a highly in
situ doped silicon/germanium | ayer is selectively
formed in the PMOS transistor by epitaxial growth
wieesbnisgies. Since the natural lattice spaci pgr®&2007/0075.43
silicon/germaniumis greater than that of silicon, the
cpitaxially grown silicon/germniuml ayer, adoptlng
the lattice spacing of the silicon, is grown under
conpressive strain, which is efficiently transferred

to the channel regi PIRCLOREREDY IROMWLIONSI vel y straining
t herns Foklbx@@é’hr&shﬁif a&lnl'bhﬁéﬁ'@\lzrﬁmdrﬁ&fﬁ@ﬁrﬂ&dti@rﬂmﬁﬁ@n@;ﬁb\%c fa %@%luﬁ&mtamlmg

of s&nﬂ: :@pe%ﬂs gphl@ IIHQ’Q‘!%I)I] pﬁl’ls é?nfnm%@ € a'lll n*chg)usuvcﬁ)g, t he [Pthu mw.,npon It is not

rans| s l'ar . concept S
mtcnlgF rﬁ bc §1étay lf% Pr Wl&aﬁ%{ﬁﬁe&s o{ tﬂngﬂgeingTé)f © dblyxczﬁ%tllchsgopg of' the invention. [ts sole
purpgic|iy i@ GrrfeBIcno povamtsér # dirpliflsdforh asa ercladvad (hemore albtiled @escription that is
dismg@dtieng conpared to silicon. The resulting gain in

perfornance homever is | ess pronounced than

o el S L e
Cﬂmgfﬁ'&blmyé’ﬁéﬁ‘iﬂél"méw%’@?@n f% d@h“a&sm%w Berbedtmdopartalioeaptip éxffereﬂces
of aj sifict:hi@sed ranin@kiucroe giaGHy! i ivgh-d¢ iehiredh@eddibtes of thaigh @arg@ti@bility, In
iltust ARSI h@toﬁ%ml‘. aYedin QF&Q‘; Ioﬂ@csl |8lk‘zﬁ a8 s&mﬂcﬁ ,smtb‘meﬁb{&.r mattgfal rMnQ t})mwde a
subséamg}’ t%r%pecq%mk Pn th ?&.{;&R aqxgel ?e%xfo% a oné the cEa%r?eli]{g%%%F recuon whereas a signifi-

npensat
oo ﬁff‘ii“"&ésg‘?’ém P APATOAEA B EPY VAR dietig which may unduly reduce
the gerfermems igriy friéctetmal gasigar hivgne thobintentiopa! feaistalgeitdnorizhtation of the
chanbdl @RSh. SBﬁIpﬁrohyateuﬁi.hsﬁgm§ e Sdrditr-ihdi e ln&@arﬁﬁﬁlqm MESATon wHH AR crystalline
chara‘%ém?ltzsr @113 &Q&eﬁké dn?.%/ be%&'}é?;%clﬁme%cl 1@ rdg'lgodqbtanea nlolret Ecinaunced mobility

mcrcasb: In onc ?iusﬁguvte ﬁlg?oq%&}t tg:S Itcclgnqucbwayabte e 'é‘ﬁl\éﬂ? 1}21133%{}8 émbeﬁtﬁag mmcarbon
rcgw@t‘r in gfa}n apyf soptgaregifng p@ﬁ-gimqeb%aefngt triylsistps,, whergia corresponding adjustment of
the cROECT bl-8ORACRET/:AISA0 0¥ £OLTBH D hDloBL-GB IR e Ohse biNIENItkEMNmay provide

mobik€infr@bd ONcA Gy RRERBAL Strd suog) hlcfdaﬁs@ms %Efﬁrcﬂ/recggn ttrheby o respestive
LOH‘:}JI‘(QSL% s‘i.ram actmg algiigqﬁ%mdfg dPecP onsetﬂ%ntls th}r Ots ef@ncnt tf:%.glﬂucs for the

some _asp i nvent

o R &1 SR SURPTEN 1 THES PO, rcsvctn o $-fgpel transitors may be
signifi@pteriaherdifitdy wiith epdeitiothdigyfepn igurdatingddor@rebiint s of t he
invention or to delineate the scope of the invention.

I't %cc%gilln% té&:g rliQsQlﬁt?ve ex%botdl(?neQJ 0? §1§ P’Esexﬁ ‘PJTEanO ri]gegﬁp 11d.u‘%tor algvxce comprises a

first tmn:mpor havm (511 trs, h ngl e I ke t gt } qt?zrde etal 1 |

dESTYipties f hat e °dﬁ‘§6‘d§s?é" o ¥ ‘é’f"é‘r ength direotion, YRopply ) qhgpmel region
compfippe a yﬁ’ﬁ’éé@ﬁtb“‘FW\f@fW*P*Oﬂm indengfijersisgin exhpprsnigritntsd longthe fiist@tnnel length
directivmy Mpreover,de fef tlagicblighdienian eaaea hakgfalTalkht Sfrystallographic <100>
direcfigbi 11ty by taking into consideration for the

strain-induci ng mechani sm the crystall ographic

differences 10 of a silicon-based sen conductor

nafEPTIEE 9 oW BV R merel iy e e iR enties agfethedepimgises seleoting a
first qriggtation pf avbipné! ildngth dikagtidqnlof usHanral iesien varrael fe meant ®B; anCe sHudicintransistor
to be Frh@BS aSMYnCGRSd seli@Rdu@sr 18ek, AnOEH 1S |s$nl1&9ﬁét@:alﬁ}%pﬁhs a specified surface

ommq@otn%m @Jmmr@{yf@t o%&%sn 2, ?%&Q%m uj%ls o¥at mzwo ﬁnear{,{ ﬁ%‘dapmdem strain

com re I ve_channel region a
*’?“‘*“‘@t“ﬁ"e(f ?’Lg‘g {I25R, TR Bt & LG FoTRRG S B g Fesions of he frst
transigeyrip padigs ihy ehannel wiien. rrbayeithide gemet latetidlinkqort iy enbbindin i ositromd along the
first andegldtian. dFur@@inboy, tenstld €hiin RBYdUdAICH ki chaasbl &giok RGhg the first channe! length
directREr f Or mance gain for N-channel transistors having the
conventional crystallographic orientation of the 15
channel region. By appropriately assessing the
strain-induci ng mechani smin conbination with the
crystalline characteristics, the channel regions nay
be appropriately oriented in order to obtain a nore
pronounced nobility incregse. In one illustrative
enbodi nent, this technique nmay be efficiently applied
to enbedded silicon/carbon regions in drain and source
regions of N-channel field effect transistors, wherein
a correspondi ng adjustnment of the channel orientation
with respect to the crystall ographic orientation of
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25According to one illustrative enbodi nent of the

present invention, a sem conductor device conprises a

first transistor having a first channel region

wietoonimgea first channel |ength direction, waeselhdbhe;
channel region conprises a crystalline si licon

material with a tensile strain conponent oriented

along the first channel length direction. Moreover,

the first channel length direction is oriented

Substoatitzi @l by abtbergillastetivy Sénatbfiogr.ap hialod 18@iprises forming a  strained
silicdillckrBGl hfial BBk a channel AGEALAL RehskOr FRVLNEE ch’lul‘lélsggfoatdef{lﬁs a length

i nvent i
R o B DB B PR e e

|l ength direction of a channel region with tensile

strain for an N BRENASSCROGAGNOFAIMAWINGS fornmed in a

silicon-based sem conductor |ayer, wherein the

sefficionndios ey bd vanyertooldas reger@Iec tif ifdidwisel dfsapaon taken in conjunction with
the a@bih@RfiRl dkaQha A BOVIMA Bk Brod B Bunfet HsSden@y 1RRIALALD RudliSwhich:

sel ected on the basis of at least two linearly
in endent strain 35 conponents in the channel
r egig he bT*I’fé“'r‘félfyl‘fB‘&‘rT‘?iratf’ﬁré‘FC‘%Wf)‘f Pl S H TG SHF s g strained
silicogigtipan enapeay) icobrsidagf int einfand sdurct regiass ig ttfgrvidingty d€f icenct tegion having a
chaneh ROl diréc@gi OfftnteMIBELIaNpiciRd GRANREGIapHiE BGHALEH {LGAihOR itlusirative
embold eSSt BRtdAhJeMior | Nt ed along the first orientation.

Furthernore, a tensile strain is induced in the

channel region along the first channel [ength

di Figet toishemaygy tlosrptes02r oPCP US2007 PODREH B, thereby demonsiraling the
occurkgGof diafigiak tensijc@trai@mo k h@ixial dohpsisivastiaingn @abedicneit, a

nmet hod conpri ses formng a strained silicon/carbon

rrapgﬂr{;]?ﬁ:nl g 56 mgmglhagus?ate cro -sc?clgonal ¥1%w::j|rf? agi’[flggaggel mgstor (Rmng the
p“’"‘%‘fjb“gf"ﬁ‘ﬁ*f‘i"éls‘faji‘ ‘%ﬂ“&‘ﬁ@“’é’c%l‘f)‘tﬁg‘“d’i‘“fé%"aﬂI"iﬁ‘@‘f‘ Apptsiien is oriented according to a
specind] @nbbdziapific ofiengti@i {elegohinbagetind: ayigrillussBRE ERbodiments of the present
inven DERSGRI PTI ON OF DRAW NGS The invention may be

under stood by reference to the follow ng description

taken in_conjunction with the acconpany |ng dr awi ngs,

[ n’r BRTSCA2P PR YR BRE B arss %%Hisfdfi? sI“'“[iseh‘“’mg formed thereon
transigprefruigess the giitelingl nleggkl diectidny gfiraica ssc heargt i ic akbdoydance with illustrative
embollimbusdt hapesntanvpepapect i ve vi ew of an N-channel

transi stor conprising a strained 10 silicon/carbon

\r:?%:lﬁﬁ ?m 1%?épxtgoqdﬁ,dhubcci)tooledrt‘oa vmoasggnlon lyarégngh'rél gl@ifocglﬁglhgff)%e,e specific
embc’afnr"é%tlﬁfeaﬁha&?ﬁb@hﬁél@ﬂ* 5 w&hgf el e fravings g raicrdnylespeid n detail. I
shouldpq widrerbd, dnvaecotdienigsctipion kdrairsdf p@tifiy entetiped: e ti:senod o limir the

invenfida@o ﬂfe@ﬁxﬁﬂﬁar |fd?fr\/1§ﬂlt,dida<ﬁ$, but on the conerry, the intentibrl QU& @OVI:‘I‘ L11 mod1ﬁcations,
equwﬁ&:ﬁe%t te%u/e}! f'all l’%ﬁ?& ! %e 1r1§lantclppo ﬁt\{v e mven;mbneasdtﬁ y neg gy t?ac appended

Flgure a, ere ermntratln

claims

MODE(S) FOR CARRYING OUT THE INVENTION

Mlustrative embodiments of the invention are described below. In the interest of clarity, not all features
of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous impltementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure.
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150occurrence of a uniaxial tensile strain and a
uni axi al conpressive strain in the channel region;
Figures 1lc-1g schematically illustrate cross-sectiona

wd awssefwan N-channel transistor during thep@f oy si@k:
of respective strain-inducing sources, wherein the

channel length direction is oriented accordlng to a

specified crystallographic orientation selected in

accordance with illustrative enbodi mrents of the

pr é3emtseR Givenvientill 06y beakgribed with refefeh@Us BSat@ade@idures. Various structures,
systefiis BRIMRYiLS axlellee:‘rzit:L:U@tdE@&e@ nplh@nm\an%Vi@r pQIpo@{ éﬁc@;ﬁeﬂa&@%@g and $0 as ©

not 0%#93%]%2&%%1 mf%ntlog %at gﬂt&ilb 1{11. are we% r‘:]r.wt‘f:nrlu:ia [Il‘lﬁse Skii?&d m t?{, ar& %%(mrthbk,ss the

on
wscbEd g M ' PGS At PPER B EAPECGE e verion. The
wordp pesighrpses| upd dnateinglpuld2f understood andiitedp@ted kpehavenw ertning Rorkigtent with the

undeSARGRRIE ihBde Qotd® and PhrhRUS, tﬁ@&jtikfll'b&nﬂttﬂle War@m’d &l sb&ﬁﬂﬂtxlx?{o% of a term or
phrasfeolr amsd de§r@t§)§xltlﬁalt g.) cﬁljtﬂp&lgb'ﬂ;? erQSra%’ cus mt%gn%}% '1% uné@:@toocy by those

awi ngs “and are erel
st T BT G AT P BT b UHBET BBt =Hoe fepent toro
tormn oy gitrast Freinehglat o HoYel oTPedig e ofe. speetifid whes v BRSOl &y skilled
artisanQ tsuch Atsgaidied fidiGon|willrbd explagiyl seviedt ih @3 sﬁacﬁﬁtah@l ilaardﬁfﬁrﬁkléh'ﬁﬁnanner that

direcfl@a[n[fﬁnc%i&n@:%ll?§§>dides QHLpeQeQ dgiﬂﬁtog ﬁ)%ﬁ @Fny or p‘ul;@ intention is
a

to cover nodi fi cati ons, 30equival ents, and

alternatives falling Wi thin the spirit and scope of '

t hETTRIE AT PEFPEE SRHOP Pt By oot tiere & prefraBidi ey aitrasing the charge carrier
mobi MPDEN ShanfORaGARR Y N c@dte ¥ ec itd\ENTRh @M ferzihl disdtib@tn av@rdance with
cryst@RIVRRAIcIpIRTESs B hhe ke nlvhd@ Rl uaE Sl 8 SIC Q@Qou@l? Ic;Q;Wmccl the formation

of en‘i@cﬁie& Elh%ﬁ/@%éon%am%ﬂ! ¢l:otn.¥dereq0t pr{)ariLu‘lu% 180%%1%1;6 %r enl?’ ancmgf thea performance of

enentation are descri
”‘C"%ﬂﬁfé AP PRAPTTH PO PR oT SR BE WL Pt BaP e nsior,
in wlhigq qtrhe&dcpév@]/gypmxnzp r@:ﬁendnyayg:{g@hbtaléqduatb teroddindemtrge regions, thereby
signi TR [ i0etGsihg e eliRN sl @ R SIREGipEdLC: AREAE k@RS N SHach®, however, the
pertomqg o&" Qmacgmng\fﬁch‘&rbxgl qus\!/a%lrsq{‘!:ﬁlﬁtcﬁ cﬁﬁ%ga%hg lxc%n/ga%lw ‘?f-mter%'tjﬁ;zhhc dirazn and

sourcg rcﬁlort)sqpay Ci:%'lnblt ermﬁlancg F:]m r‘l;%t I)v %nl,f' Sﬁt% h:%s t‘mﬁ%}l(pg?e%%fﬁuréiﬁesl rgxﬁ be required
for fufudc eGP Pode%\flxé@%te?tendipg toygpstriet tb@’“ﬁﬁ‘p fragnjiont te the foljepvingsprplppation, it
is bcla:vdtelircelti@pﬂe pifec@fe feain tin mrrghtandaaf Gﬂﬂ@lnﬁﬁ(i @G nnel transistors with embedded
silicob/bdiRn GREASA maﬁ@:' attpMIted\@@kuoqlnﬁbﬁélﬁxﬁﬁst}QL Eife3ts blechcacofr& nldﬂgchanne] The

embeﬁnﬁg ?l’xcto@th%g rrra w 931%;13 }]namra(l)ra J c![’] cacSnQLmISI( £5% ﬂ%crystalime sn?con material, 1

V|ng e ben di'sc
formeﬁ@bi}’ 79 ?%IW%?W x@olfgxﬁagx degree of blaxnt strain, f.¢., a two-dimensional tensile

strain, which acts as a corresponding stress source for the adjacent channel region. Consequently, the silicon
material in the channel region may experience stress forces, which may, however, result in a substantially
teasile strain aloag the channel length direction, while, on the other hand, a certain degree of compressive strain
is induced along the channel width direction, As a result, the overall modification of the charge carrier mobility,
Le., the electron mobility in the channel region, may be considered as a superposition of two different types of
strain, wherein, in conventional approaches, typically the channel is oriented along the crystalline <110>
crystallographic orientation for a conventional semiconductor layer having a {100} surface orientation. A
corresponding conventional design of an N-channel transistor may, however, significantly reduce the mobility
increase since the different types of strain may at least partially cancel out each other’s effect on the carrier
mobility, thereby resulting in the situation as presently encountered with conventional transistor elements

having strained embedded silicon/carbon regions,

Consequently, according to the present invention, the orientation of the channel length direction is

sclected under consideration of the fwo-dimensional effects of a strain-inducing mechanism in order to

h
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The present invention will now be described with

reference to the attached figures. Various structures,

systens and devices are schematically depicted in the

wils amingsiof or purposes of explanation only apdrs9,@s.t@;

not obscure the present invention with details that

are well known to those skilled in the art.

Nevert hel ess, the attached drawi ngs are included to

descri be and explain illustrative exanples of the
signifipratienstives my edreisoinfluclieon Be terdsmaiidy phrasesidus@abpriate orientation of
the tRRksQir BebdAOH brderbcﬁobﬁ&qgﬁlﬁ;ggﬁgff@m te Gkﬁ&ﬁﬁ:@'ﬁrﬁé@m‘a&cxnﬁav € a

nmeani ng consi stent with the understandi ng of those

“gi and Phrases by those skilled in the rel evant

ar t' UNEPEDBEIATT Bef PRI T THATEE ISP B LS o et invaption will
now pa fhesiiipe din mpetsatetzilstiaith fase ervidibe emefflhientordinimar fr dapeining the two-
dimeBUkSBICHES YsuifRad ingchasmeldg@ar st ood by those skilled in

the art, is intended to be inplied by consistent usage
of .the term or rase herein. To the extent that a
ter mor: “’[‘1 Ao PPt s g §eegBRE L T AREsiilgr 100, which
may E%\""“ﬁdel‘f;ééhi’ W@“”éffﬁlé‘ﬁm‘t teasntthdte a1 oikeddad siidontyyrberkipdtdrigichnd which will

also bOaset! i tgahigrivisuely isuipedicabs cafdniinki @insisd:| denld@s when using embedded

straif@X ﬂ[s@ﬁ@irﬂon&ﬁtcmﬁaﬁiﬂghhé (ﬂ‘:vtz &%&F&@&b;ﬂdy%ﬂh&: %)SISQI' 0. Thc device 100 may
compqgcf !.up alsPLog{l]ai']eSllg&g {%e;ll t d}g (%hi i, lllusorﬁtn% gpag%dhrgerr]liesg%w gelgresent a bulk silicon
subsLB:ﬁ hég%g formed n an u@ﬂé’f"ﬁf‘ fhﬁreontaﬁébsmzt@géwstalllﬁ?/@lrkﬂop -Bijed layer 102, wherein
a siligoa{bapediemicendaetyr e ot qlgtebefu(yrcrswm @ agfnfijoaduent :hgrudmgla a@ﬁﬁcﬁg amount of
silicofl] s@ciCR app@R in@&lyl 90 QlomiqRicdok bYmdrdsilNo€ RABEE bm&rna{lilﬁlm%}; Bkterials, such as

dopaxh)ép@&pgzgptm ﬁ]leeln)(y s%l &Cﬁrésgzg rL[{lg la Qairdpelfn LFnglgustrsze embodiments, the
lon I n accorgance wt 0]

sl 87 o ot ﬁb‘ﬁ"%}?‘f‘“&% b gty %’é‘f‘ﬂ%bﬁ&‘ud? P Herepngpies (on
C‘mﬁ%a“ﬁ? edron s Pyicirplatierted: (ot Hewhorarit boridg beter dd séerate 101 and the
semigpduptgomeci@e.bon material is considered a prom sing

techni que for enhancing the performnce of N channel

transistors, accor to simlar integration schemes
as%gt?we mgrgctgeess u(‘l% % Qo o 8lﬁ%ﬁ‘fﬁe tY’%iﬂ’s’i“%ytbércgmp‘T’ﬁj in this

manER R sege ofiehely pre W%i@éﬁﬁﬁﬁﬁ’ Uity ifabedpay etfeivsulation layer 105
compgyrh efidlech Jimddo. stllven wdiriad. higiah diclsin egerinie@indRSiond REFLMY the like. For
examflé, gﬂlaﬁdaﬁiﬁﬂﬁﬂpymhé}x@ rt@ﬁ@dteﬂ@sutqh&x het @Om@ bel o e LiB®n dioxide with a
thxc!afe@%@g&t Ve Iegshggagg—!xl nfnecgclpcglgmﬂ «Lrp IQ){%_Q]thche ﬁéttf n Y}‘QC}{‘: mdxiatelc? 23 104L For

% Qr mang of conventidna

LT i o S B e i o
“‘”“‘W@H‘%‘\‘G?&qﬁid‘c%@ﬂ roeictlaghomdoiray! @x Hiipkitlerathp et oamemizes corresponding
reducgrgiof] tht PaknebsSf ik Gl hdutasi iy 108 §SordcNBBrRNPLELIEE RN caSollability of

a chmﬁmfyrcgﬁl fO@%chﬁiq tlfeQEmit:&hthH[o?Ia&&qw&lloqgééteQ%gﬁt‘?‘oh lw 1?9 E[owcvcr for
cltann%lr]lgrfggzglbqgw 58 :r estﬂ:e rccﬁlctxou 0? tlg SgaB: 1llsula{/oq\éla)fehlé(fosnt“h§1 foglg,g of the well-

"““"‘8?“?@8\“?‘\/% "g"ﬁl"i’i“‘ﬁ”i‘f fﬂ@f f‘bPi’ﬁéﬁE"e“é‘f’d EOThAe T itopatide the required channel
controfibéllia N fekeatandin siverkliops omhd hreenpedd etdositdrh@eidks Farshonchannel effects,

such ﬁ&h(ﬁ«!abemdoﬂﬂg/ o@e atatulcl Rl dod MhafoWWRsigh MEQ@ Hi@!@@llc SbeLeBls Yor the gate
msuh@c](nfl%ﬁ §JS amzl ﬁu@ﬁkc QMheéﬁotﬂ)q} 9 h%%% negaLve :m act Q t)?:f m%lt}é ofetgc charge

arbon mater] al
camers ln tllfi c?m e rcégag E?Jh é‘ﬁr tellg, y:gio%ﬂu}d f‘fféwgqﬂf ?bfﬁﬁ‘mﬁ?ﬁf@l’“? a|furth(irsncrcase of the
C*‘a’gﬂf b*rff?édmb*htyaﬂ dhd theoel teippl @t &, hidhlyedegbller @eainyihn grogision of strained
silicong@btriamncrdiegineer«@kly proassinghppshétal N, La, a
t wo-di mensi onal tensile strain, V\,hi ch acts as a

CU58 RO 09 SALERSRRUSEPL L Al acent ChAIn)
sy i raorpigg g oy Sé‘k?i‘é‘f"i“éﬁ giticoy pitisls gndftiyy e sFurdgprash decp drain and

may, however, result in a substantially tensile strain

al ong t he channel | ength direction, while, on the

ot her hand, a certain deggee of conpressive strain 30

Is induced along the channel wdth direction. As a

result, the overall nodification of the charge carrier

nmobility, La, the electron nobility in the channe

region, may be considered as a superposition of two
different types of strain, wherein, in conventiona
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significantly reduce any adverse influences on the
el ectron nobility or even provide appropriate
orientation of the transistor elenment in order to

wapiogi/ doAnsynergetic effect of the dlfferentp§+d@%mwmqgw

conmponent s. Wth respect to Figures

and 2a-2b, further illustrative enbodi nents of the
present invention will 5now be described in nore
detail, thereby also providing an efficient technique

sourgepFeeidest &t7nmiam Agutchie thamee rapanbRSHXERRn SLIBAI IDS, may be defined in the
semiClingiictor R L @Ndadtn@o GOHRMRL 1rdd€ §I4QR the channel reg,EzlngW &l Rrtical and lateral

dopaﬁtc]hmgfi LEeatJe yns lbé H\§t16’ﬂ1];1%5ﬂqcaadp E. rgegorcia CE “ﬁtyl %cwcgfrtg%pemuns whereir,

typicgThe HP oy ({% transi stor

P const dered 8§°“§ VISP BRP  FlEteRosi Ei‘r”‘“%i“bﬁ%f?ﬁ“a‘l‘i 8%“% grofiky so s to also
“S‘Séﬁ‘beéw@dh%ﬁ *hingd piFeear Yerpovamt epingd siliagvdhashpryahenini 1p4 mayl@ formed within
the sgrhis@diper Bge doX 9 rhe dRBEY bheNGandd Yegiol S&H, Tviedir MCh S0 i ment shown, the

mateBf] nUseiQEdbgﬁazlltytlcfcﬁaﬁhﬁtnq(e LLENE EH[ Re %@1@ lHﬁwngxxt%qbnecling hfo the channel

r.v

reg:o§ IBﬂonh gconesg%n%‘n{; ﬁ‘l& _)un?tgmitshi !(9 %nr‘ gﬁrj%%?ug?lggorfﬁbwuhmgm%mme@ As will be

curre
explafrse) "f‘r‘ﬁy“’@iﬁi’i‘ﬁ r' spég“éfn Magpreprdeatieths whroeg dingth 1@%ctiombyieg Ithe direction

correppending t)the plapgellenseii plnEiIdiged Wdlfﬁ@tﬂfn%lﬁme R, ibstlekied with respect to
the c&/bthllog@phicSUb Stk iakor hﬁ\éétﬂgmd‘itﬁfonﬁﬂr hdd t@ﬂo@cggﬁfanog@gharl Ol rrier mobility,

due tb D&&%@;ﬂth@ch%@l%gzo:ﬁﬁbsa&ﬂ % rrlg’\ar ¥@)<,S Igra Lteldg? thg I§ﬁ|falé1e ns m%r? 6§0t1 material 109, In

one J]uasi%{z%[ve g'q)%ill \M‘t]ef’ -di

Gy Aot o e O Ao o TR o iccion,
whergig d) ‘El'ﬂlc‘i"i‘g)d'alestr gnichicerinttordarount maf havdlbsugict brzomton $LICH) aBor such a
configppip0xitRBtyahlyneSHeabn e Chap CRMALI-QboRES bd ¥_6:Q8%on in Fi igure 1z, also

correDRK & tryokiReh MO@&L&Q@ materials, such as dopant
speci es and t% i ke, may al so be present in the |ayer

102. In other illustrative enbodi ments, the substrate
1O'ihclfﬁylccrnéﬁioé§céﬁf 100 jagshowhip iF maqe|1@mamctf¢pntdheaccordancc with the following
processesi Afnde oo osiod dytersubk@@s 108, @idhi ne® Mavd Morhm Stk @h @ s£nSRMuctor layer

102, S:Egvc;;]a) guhiad e @emlm&f(:%l' S:ytg 3y roh %@ Qulﬂ&r&l: %1{ JATeAN| g&égrof (eﬂg;;nl growth
e e o esfe: cmc ate 1c rmn é’l 'Tcﬁ re}_
t chm% d QBV A ? Q! t flétél % g t'?'x ' f—l'ﬁ? Iﬁ Fl%ti;:ée!ected $0 as o

corresfaﬁnéi laél dESéreciBrd:nﬁw %W?’g@ reagxc@ait()é é’[l:}é@t Préng do T@u‘_ﬂy performing any
manu{pfjgng Piverysch die coplosrambd charaytetidtibaof i hudr ACY ity ibOGpteBhiagByith respect to
creati@f ter@ild gl hiyngGBqre dirdo@n)isd $yl G QRMNMB LR HhvE limWio G « ABY o[buecorrcspondmg

bUmnug&mgqmgnmgngate i nsul ation |ayer 105 conprised of
silicon dioxide, silicon nitride, high-k dielectric

mat eri al, conbinations thereof and the like. For
TprEsPorbEdsyEAE gdcappily Batiiorescomtshadigadesen msudcabliphn view of
the dejvigy @90, JOGeimasitpeor ©imReteDivhdi thd SaReAHMSEAR® oMt 10224 on the
channdi RELdN@S S Ao QRN dnfBbREd Jﬂﬁc%l%caiitgn AEXEN !)9 &sz/nc‘r age-xq%giltdmgi tensile

stress, anhcgte& c@)%grt J;l F%u:ﬁtlp% at enngi re Cc!:nriﬁg Zlf_ h;a Ocitﬁ(bbeﬁ’ﬁﬁ %rgate electrode

or exa

"e il ef""g&i’ﬁf‘r‘?“ﬁd% E‘IS’FG‘F*’*’% e e @@Eﬁmmaﬁﬂd evespontiegsnsile strain,
whl(.hfr@y hF g tebrpotise piftiton it altaerd catdyinoBitity il tyqi)d;h@ahﬂr%;ontlm}e At the same time,
the strft@ed WGt dnostb@fmateha I(B)I”h'm@ pekuck EB&EJ@NJ—%&S c&{b@%nf ?é:lla“sthgs c@mponent Syy

acting Ggﬁg Qe QQSHQ! \D;Gthfd@&iH&t k corlheO{’ 3&(&'3@0 1e§em ges, <§orrgs];?]nd qt%es somponent is

ul at gk
compr%; WG‘C O%i lr o1 ch llr 3{53 a%')fxg glc éﬁ%fﬁf?&wldlﬂbﬁfeﬁtﬁm t‘)agablieo% ffs‘\’l ipteraction is
signifi ‘tdﬁlév SEMTceated &y tl]casq@pctlﬂ).@rebavgw&ga@ ehej masibtat legath direction, the
corresopdjixgr strdif) 5 thi-Hoeemwang, bk mad B chanaglas k @ﬁgﬁ:ﬁ&lybﬂxQWﬁQ acts more

intensi@dl) aldnl @e rlcﬁghl G oMb r&nﬁ lgﬁto%rdvﬁ§ Hlla @i]&lg grels & gtrai]ﬂ X%, thereby also
creatmg\’g %ettgg%ppefsm\ye 5trc15&y\§ | le slﬁsc}nafnater ?Sf alanﬂ%e wmltg gxrezlécln%)é{hg channel 103, In

ca

other “’°"‘}S J’e B %&“&fﬂ ¥ &? ‘éﬁl*?ﬁh h‘)@lmﬂe*&rﬁ“ﬂdl tea by quyhe channel 103 along the

Cbnsequently several approaches are proposed as

count ermeasures for short channel effects, such as

i ncreased dopi ng of the channel region 103 and/or

using high-k dielectric materials for the gate

i nsul ation |layer 105 and the |ike, which may, however,

have a negative inpact on the nmobility of the charge

35 carriers in the channel region 103. For this reason

and for reasons as expl ai ned above, a further increase
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source regions 107, and connected thereto respective

extensi on regions 108, may be defined in the

sem conductor |ayer 102 adjacent to the gate el ectrode

wi@doana24he channel region 103. The verti cabeaRdaooro07s.3

| ateral dopant profile of the regions 108 and 107 may

be adapted in accordance with device requirenents,

wherein, typically, the extension regions 108 may have

a shallow position and an appropriate dopant profile
changghleppth 4nd adbagtpcti®” gy ig thej tpnsrat yeterign ¢ Mo rchanadh &nmile| Consequently, the
corre@bofi@@ tSsilcMBERAME Bxx sad Gt E@ipRRthe SbrhdofNd v arpeiuddBmin@ke @inne region

103. l\gg)rc{@Xo Q&eon@cr é&@s‘;‘ C'Wuiamng tﬁe%gé@@o?%Q&b%La@ ba tlhcaélaqustgr%th and may,

in mq:nﬁ caseshﬁ’a 6% fr i aﬂayrgﬂxa Vt\ﬂy g % %é g,g% eSr ‘a ef@‘@bl?eg eff{ycvp oe{‘rtheel s?ress Iccﬂnponents
Sxx agI5eY ghtie Pty ek ady W tHinted trersige aierrelanth cseflivients for silicon. For
exampg,brongpichOchnwhiton Oy tdesex¢ENUSAEY thidtsor, b.h. o CansRET ta@giod rmed on a
s1lu.ol®"§er&@vxtxgh§tl0@5@[11&3%59(@:@(%:&9{115 M:v]c&én&ct ﬂy&&ﬁy lxqutc@[ﬂ@ub the orrstallographlc

direc olflxsb § t tswtlj ma&m ¥onvetn[]ona oPcntatlon B\e {c opcf;twc ﬂu@g c%m c&:lﬁ%:'g%may yield:

I"ai’ned erence I'n
detall t he channel Ieﬁ@%hﬂa}ﬁ%épﬂéﬁﬂ’| e., the M
wher€lh mlemta'n@nnodmeauemmle&pan:@lmgwmapheot@hﬁmfmelm bvnghtified coefficients,

whcnl&‘l’l-spec@lmsagesl. El)q]pgtﬁl;tgg’e @c%reg(e(mn uﬁgtot‘ @ﬂ.& IF QmFthQME\% éqgﬂ’hﬂl{ IS it is evident

that ﬂsfh on%iu?%ari teé?:lh égosm e? eés %Oén enésrcl)tn d; ?ha?cci % a’ﬁ[gctrfbfno{) Bty in the channel
rezioptGvTitte fstinaiitdd H@ﬁ‘é’ﬁ‘g B EHP YR POTREBT |<rte§fmv<a st gmppnent Syy has a
cocffgiemt i A.18 Andt e t¢ Hameliverseagl BNstEO Iompvngin Syradecrles plicOdkd G@0mobility.
Cons@Menlt}) €in Shd' &aRGGonS éoh@m&aﬁ@%mmde{tﬂeﬁl effl@gyn thd RS mobility is

s:gmf&cLlLly%Etjr’l%BJaﬁ\éj? fo?@%gy r}Eggﬁarn ﬁvsce)%ogtl B%t%tns hat is, f‘lor reducedp ans(::btor width,

>

oven AeprRt PR ﬁhéfeé‘flh b“*“’r“n‘”‘t‘:I‘i‘iS%1 éﬁ%bﬁh?ﬁeﬁ‘igcr“"f pratexial Browth techniques for
silicog/esrfiog.omeMirtiteor mpdpety 190 Zahrerydopmy evithin Sherdpaaxa!lo piowm iditon omuerial,
relati@fy ﬁlﬂz@'@f)cant E!Bll’fbrﬁhi’ﬁh gan bbGaAfd gdfeatd ofve Qlirdnh @apability may be obtained.
Accm(a[nyskg ‘r{lllxel ;I,\r&@ut :@%ﬁﬂm tQ:.EZ 5a;$ehﬁa19ﬂ30ﬁ§| on%mgtplﬂzzcg lLGE t(:(l)e%!cnrs and two-~
djmensmnari 5el.rscss 6;?]18@?{1{”&}%’6%5%{ grll %%F 5)6%?3 cryatilgéglplm crnér&iztioe) HF its surface (100)
and {rppfstog é‘l?i“@b'ﬁ’eﬂj‘c‘ﬁ oriertisd ircde ho0 {salagh owryspiveFpiguditscton PRy then the
longidxiinad geefRenioAnaRE afdRNTO e pMisivhstiReofidhdnosyy RGy IO G.€ HBREng offect on
the c1@fcbBhotkifde provision of the substrate 101, which may

have fornmed thereon t | ayer 20 102,
~or after forming the gfdfcghﬁﬁcto$3$%y 102 on the 2)
That gt telatedn19 Gretite mohilly 7 HOf wipietrask |t0atlhe tgnsgovbttpss component may be
associtied fifH t[ﬂd,lﬁ&fﬁclinhﬁ |de SthghthOfand et @SPRCIIvY, ehal if) he@hal s component Syy

is ass&:ia[c@ W;tﬁ th€ %Hrv!: t?deﬁ‘igxertt Bﬁ) §3r §g§£o§§e9Jenc:LOochMS gﬁnpccrtﬁxln?e%ggi Syy may
n o

posmveﬁ/ c,ontrtbgtc Ctgrar %SEB% mcl;ﬁsi, there v s;bm%can{_?y ng:rce{!smél u}:/ overal} pc,erfonmnce

‘”“mﬁéW?%FﬁFﬁﬁﬁgﬁ?ﬁWHWWPéﬁ?WﬂFﬁ@”ﬁWﬁﬁE§§é§mdFﬁ@“o”“mh
crystal | ographic characteristics of the |ayer 102 may
beagat efihd @diid N, 6R&P&CE. E&v@&ﬁﬁ&ct’aﬂ@mt BN SibdtBeeSibI ﬂivﬂu, formed

dlcrcogltlgrggmxtcg]ﬁuc%r QJI f el%’t ng)nbeaﬂ)gropx},’ltb?yo&é{mngc[ !lurt]gg Ehe manufacturing sequence in

I mensi qn p
order ?m@iﬂwr?“?%amiﬁ*g CHARY A751°8 1] that "m"’d“?ﬁ’és“é?%Pf”é@bb‘rf&r‘ﬁ’d mobility.
For exmppje;iretht 4powobrsibad jaecatht grichthtion of thegphegel dpngtl fircetip direhiy gsclected so as
to obrdesixgnmmm AFbIlRC Inktedse ] Addrank @W i@f chidna rebsi 108 1QBguld be appreciated,

howe\)ép Qﬂa@ ' ofhexa Xsdntiklz@igﬂsoﬂayl S Le&gﬂe@ @Lrﬁ" Qesmg Q) thlg %rﬁéﬁl’io@aﬂ&d charactensnca

depeni b:lon Asqmr?]mcms (E)or oﬁler CIP(I;'T‘B eldza; I COC% n(x:leairtanmstors (.? oF I {a €, iﬁgnssauce
the regperiveeaAire sl g1 Plidfeat mf*’éﬁé’Fflf"é‘“e‘*SfPf agyrdigreof different orientations in
order forydhtagat dedired SnoSXiR ipancaegericatatioy forjapy tybreoicthrasivmed torve girosl above the

103, i.e., the region located bel ow the gate el ectrode

104. The correspondi ng | ongitudi nal tensile stress Sxx

may then be the source ofga corresponding tensile

strain, which may have a respective effect on the

charge carrier nobility in the channel region 103. At

the same time, the strained silicon/carbon materi al

109 may produce a transverse stress conponent, i.e., a

stress conmponent Syy acting along the channel w dth
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channel length and a "contraction" effect in the
transverse direction to the channel |ength.
Consequently, the correspondi ng tensile conmponent Sxx
wanolovize24conpr essi ve conponent Syy are produgeguiRotdie.s
channel region 103. According to respective stress
cal cul ations, the magnitude of Syy depends on the
transi stor width and nmay, in many cases, range from
approximately 0.3 Sxx to 1.3 Sxx. The conbi ned effect
substrgyf 191 gubgpirialys withsnpisariring slif§regyoriepiprignsSipy different Hansistop &pgsonin other
illustcABD brhtoliyhe f1BYhe BEor@Bitioaits dr 40 ast$ igifficpit BZOBlo@ nkibt@s of the type of the
devied %frilayQ:’c %El&&csfonméquLaL GPfe ﬂFoQJ 1»‘«%&@:{;@&1&111[ Jag[lhtﬁ'm; )ﬁmlcc@ixer transistor
elemeconv%‘tlglpe ma ; mn%‘ gd MOSFET transistor, i.e., for a
fo3 fansistor forned on a silicon Iayer havi ng a
(100) surface orientation, the devices are typically
orifentedspaldon gnamtfem@ng/xsta@s«ks@gr aphrrfonmdd raefine gr sespedtiv@ silicon-based
r(,g,icmF Qkthik b\L &nﬁtﬁmﬂxam lia;@pﬁlz of rhi: ek atciogﬁpon&hgemd'lﬁl&pﬁﬁgtherQnot shown), such

as tre Jhe 09'1 or%?%{i tlcc lgcgw&r thglbgsrbt ﬁem ftyﬂhgmgj 'phoYé]&:gQ'ap'ﬁ e‘tu%lde 3(32%0:1 and

relative no I cati on o
planaxi:zﬂtém éEf 9PN %E‘ﬁﬂf’ fvrevﬁrldu\g :1gp18-63tt1gﬂ PRESSES :Fayttﬁ é’m‘:ed out in order to
providgybpyreauipre edrfit eehcentetfol it the mtsgectivityedsfineth gllivcospaiet oy the basis of well-
estabiBhefi @SIHiERANPFONQRLSe, dds@ciBX Hr855eGithgd ihPlntaSonQhoctsRa andRhicQM® may be

pertoxxnlar? ﬁxgp\éﬁangg&@mmgxnalsliw !hg gzit(.smﬁ‘}é'ngaelwer ﬁd'}aa'ild th'g %atc ciectrode 104 may be
| qngi t udi nal nsi 05|t|ve conpon

SS
formed gétéont zw%/o Fieeogixtrgogna r[;)ayl lIJet sy secﬁue? ﬁr paétﬁrgeﬁln er1 %I{'J eba:itao ﬁf advanced
photo]lt@:g:‘amy': aqd gictf igghpigyes grhegingfpr fbpﬁw%gramfdrﬁémfry{(aﬁgrv@?tggl 109 in a later
stage, @ OPBEresdis\erp(ng gatoy elo Bipr@sis! @onparenie yeyodeass. epending on the

proceﬁ @@aftsfgj» Qbﬁc[ﬂ)hat@gpa@r Jtﬁct@r@ﬁ(notdhlﬁm)t Qayitd @onmagart anyagwﬁtugnhe hd @lectrods
n

104 axidéx ri.j%cctwcocpp F]ro?ess may¥>¥ ?whncg ou m or cr or}orm appr%m]@tf: é shqiaeg rccesgcy in the layer

convent I onal
102, whigh may ﬁ%%@d"%%/er %’@% Wi the é‘fa‘“é%s‘i“l‘ié(“é‘% CEFH 1ol ‘Pﬁ bﬁiﬁ §igeletive
epitax@] gmih itclniubsy I ompié s atediafbhat aoptustigyof dibrencipdemistpiegies may be
followd@Whi @ori(iB fille Ghbkcithli 109)Suhertil) e sikSandsibe srARMUSRGEAT IVARS vat Blits offset
from Wc gl‘iaan[ %Vlglp l&e&g% Iﬂ(%gxﬁw %pﬁcsclfo‘%csgcc&vgsﬂgvutc’ pagglg't@sg foq Qom:s;)ondzm sy

esta hed sel ective epitaxial grow
be'“"f‘%%f’ﬂﬁ‘?“ﬂﬁfé tlfchSp%cf‘Tﬁi r‘&"B’l*f?"é“éi‘P%?fessi?r ovi ding a m)der ately
| ow carbon doping within the epitaxially grown silicon
Metoeéxhmple, itthé abi@bink|shovin/18d GRbd/taeain hatper fOrRTBRAGE wiak Moderately

high o@fet 8 URRLAnAR B#ﬁﬁeﬂcr%z bé’s{%mﬁ%&r fﬁc%ntmﬁ @zﬂﬁ;b bohdorfiaY 1J§Q¥m;ﬁ)&ﬁy within the

drain gnk()it s%tlzrgcerc 1011321 A{Vhlle m oqg n(ﬂ)ogimentb tic m t{,nall R)ge be bsrtm m% in close
NN AN A Y 'S "has t Fe ectric coefficrents

proximgipydo F‘ﬁv@haﬂﬁ‘“h{é’ﬁ@? é‘??’a‘l" °§j(3‘r ‘é§§‘“’i§&l“l’?&l“§i e rf‘"ék‘f“é’é‘l“s I%Sh‘ﬁf“ f‘”m‘*"r be
appredificdttiaeprioaty.gufterb Ruchaigendy ystradtilageap hiqgenorment atrfoond ofother device
arcas fo FSm S WdRGE st QNicdNGrudahid Sk SO o&Bah BBhact BRI raSee of P-channel

Lransns? ré %ﬁ'c%tcgq éog‘.étﬂnx?tra @eyeg‘{b%dlzg%ts %lqoslggct@c &) t¥~§atl @Jolvtggro%bflorcfomnng the

i rection %‘ g% I na q
e g HEHRA SISO "R RLTI VS LT 88 BRPomeriyiagfyaein
1mpla:n%19n ngestfpré‘owngg{x@s ERBfarti07 dgrerdehie rabeedpplentption-induced damage in
the strifDddinfatetiyl 1002 5P Aibtanke, @R SXosion refiob 08Ty hidk bddadirmidyriot A ehe selective

growtl( & lt}@tﬂlayﬁﬂ h FIC AGaS ke s@lteotaetl: c%ﬁgxfapé?om pﬂ t!xel rLaY(:nMgb?‘ fat:on\e@pglblmgly designed
nent

annealénrocpss ma){ be&er‘i‘bn{l?]d t? ﬁt‘?ljus,bq ?Jf;iaréts ionti %NPP fnfbaébon \?\%t@lilﬂ? t({9 into the tayer 102
i ordir i fY B GeP BOMPFESEFYBEOTHGE T Ehor LT ol e deep drain and
sourceG EAPOINE s wBYas theex@S0CiOdtnad banotrind bin e breigaf implentation processes, which
may b6 Qb€ hBNhe RfmdboDF theABicRal GONS awem@am AL dpriSt b 88 elective growth
of the %9 ﬂﬁntl‘g th§)%)éd %Qpa%)ét ¥c 19@ §1I )It# Vf§m¥d Tg%nagngopr}é!e% rJersm% 50 as to

% I ncrease % |can |ncre si ng
act as i;rheéﬁc%s{}té &1 qtatxﬁrélin?sé,rfﬁrdﬁ&aéce fx 61(: f?@%‘ﬁé Btt cv,lé axrt aﬁ‘é source regions 107 on
transi stor configuration wth respect to transistor
| ength and transistor w dth. Again referring to
Figure | a, based on the above considerations, the
substrate 101 having fornmed thereon the sem conductor
| ayer 102 may be appropriately positioned during the
manuf act uri ng sequence in order to obtain an
orientation of the channel region 103 that provides a
desired increase of electron nmobility. 35 For
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substrate 101, substantially w thout requiring

different orientations for different transistor types.

In other illustrative enbodi nents, the X-orientation

wad 2eal/1300m at | east a significant portion of perysa007007843

transi stors of the type of the device 100 may be

sel ected on the basis of the above two-dinensional

cal cul ations, while other transistor elenents may be

oriented in a different direction. 5 Next ,
the b@BIOf egpontlisg impumufiactctmiquayg herodes e Srthayrobesipper hodavze 100 may
be cohGhuetedl Bgmgtﬂ@e [y oY <Tey RVE AT &é:&@ﬂnl@aﬁﬁdlc&@@é @A Sndbhe dMifand source

reglosshl%'? %1? g‘e g 815 oy t%et SgJ[l(ieJ' s%'){c%x gﬂg%cchrclm% ho F %m%n 5 s:hc, dat;on lt'lcgtﬁuquc during

rrespaon tion structu
hiS g BRGNS 1LONE FOs “Eh CREL ITRE™ Gl %'a%*r%“’fbfﬂmf may be
convegied intoadichlsbensived: pivotileidet hogr aphy, etch, deposition
and pl anarization techni ques. Ther eafter

C 0 EE@&B&%Q l.RG ule 'IPILO@WE@&'&% ’&LJPJ@Q 6& B %ﬁnr@ﬁééglpﬁw‘i %§ Li§Sience a tensite

r.ovi

scaing ‘{5 H‘S Zﬁw‘i““?“é‘f’ﬁ‘ S“H“‘i' At “r%é’“?“éeg 6‘8&’1“\ %sf"g (1&" R ﬁfé’a“'“gf’l“l"‘?s‘é“é% i a significantly
incregsgdyflesiign Bbilhebivagt de eiher ] besirabive si@essve et depgghe Y-direction
may FoO$igrefcaitp lr@yce e speoh mviglity birres ek digv dlabt BgehahdaploBilidy ab isO instance
explaRb OGRS SESnARG L6 J | ke may be performed. Next,

appropriate materials for the gate insulation I ayer

105 and the gate el ectrode 104 may be forned

oxFgyt | orteandrbrilaeras e Qh e Hayse ngu‘Bg‘%Uéﬁf“l"(]‘ embodiments,
in whiyd ptredre eitlcogiorilioh enalydd isgodifenaidvanbedo photaglel fdiogioaphyeby even more
efticigdnd cﬁitﬁ‘ag tdn 816 AR SRS ssivIVBREELIh e dhothe! fr@ion 109 MR SicbBLRRE stage as

show§ Iml ]I' Q\QJ‘ g'{ k?rgﬂxsgpﬁo%rrﬁa@corﬂpqge é &p@i be ﬂ;egrl 121§0r %@%@ ’con@pnscd of silicon

corresp provi
mmdf, 0‘61 gf' cﬁ:éedg()éxttgp 8l'p tgebgzpeogé:triﬁ 410 [%/B)écﬁa}f rflgbl%ﬁalt écer 113 for instance
comppifed o Estlis o pirrigt @@y, otepirpopiicatasispawer fsped pt tiderels of hpate electrode
104, SHREAM) )t réfByed DR ap@epaee iden 1 1enaap auliadi dgidt her, gay B formed between the

gate QJ:C@Q&GI‘ i%g edndl Qlé’ ﬁ}g"gb?oizar r t@xi\ﬂ@tﬁ toh? \41@ sﬁ;c&hl 19 I'&)&@,&é} amy_’:\«\b%'xy be selected

aworglgﬁtto dquce SPCCLE{Z hegulfements 50 1b{2 po&wﬁn tHe %trzp ncd SJ n/Xdrbon n{) 181(‘:11211 B‘xore closely to
o ohpad geioniith ToneisEeRaionde e bre o ‘&%’r%(ﬁ’i‘ﬁpoﬁﬁﬁt“éﬁ sepropyy cesigned
selectOn etch erolyas H@ing fwhBie lhe cippve laepi it Axddahe greomtIA ntag eirbilgpresct the gate
etectrbde 1511 Wﬂhrd 111%1&%[315@:@«11@1% ed aﬁpk@h xt@cmp[L -3 I@lci.f Itl% b@ﬁ)rodh(fdf Bk @tcspcctwc

cavmpgtcg ;i%gc% 3 I&r g&;? %1%§1regaxy thEs% d%wccf ‘gLaa o%ﬂe W%ﬂe g gﬁg]ongnsgtu)ey of the

e size and s
co”e%‘?%ftdé‘ﬁ Pl Py ma}é\?f“ eYqd cade P optr et ‘f“b“l‘ﬁs*t“ﬁ‘é’ cipHefRnderately short
spacep wigihon 3 WOB tharrdag derdigkeelinayn pepresgiicanis dpe e sibyentially anisotropic
chara€l @¥iicC 0P akRFRLQ Gy bOLleGANIK &84 anclbingldye SBliRtkt ReheaRbhity of the gate

mauiaﬁ%&[‘lﬁﬁplds' &Qoxhﬁﬁxns&§§9&%h M%t!%&‘fa@&ts!:&l@cluﬁgmﬂ LREES BE Sxtension regions
108 ma?I Ii'xave bce:m:tl % on the 1319 cg‘ Ezﬂ\ 1pf6)§natetéy csancd gfscthspﬁcr énot shown) or cven on the

e ons
basis ﬂ‘ifb“eﬁf’%’ﬁ‘é! ‘9 126“ ﬁlsﬂﬁhﬁ"f‘:ﬁ@é‘f‘l oVt preceesniahiel berpé@“ﬁchl in grger to grow the
materfzh &% b.yxefpio,sixst }iare)f.mung et;ﬂ]a@xe@,! thé oenfial ciay ben bﬁaa!rce'rdbcalwitﬂ_@gligh dopant
conceﬁtgﬁprl @rtrﬁzllyybcviﬂrgvme@ ad zhﬁxbgzrnaél@ ﬂﬂr@ncsaﬂa‘égr@c@rb&eghtgﬁﬁ ifltgg deep drain and

qourcgw%!)zghre for dton%rc b%mptgal lnﬁglmn rocess%s material 109 rm‘y be
i'oned 1n close proximty to the channel region

103 in order to enhance the stress transfer nechani sm

| tFighoul ghengticetherlusyeesaiyptesict H0ad Fickratic prd Drthet glvangfdt panufacturing
stage, G whifll @€ Bch tRRAtahy solred RFPRALY, Ve WHI BORSS 1eBBE UATEEL | IBBYY B sidewall
bpacefpﬁi{x&% 'if@fd aljc @orﬂ&h %er&?\{;{ &€ cxﬁx{ogﬁém :,Qovjno{hg]d@p §x%lne&<1 ivel Yegions 107

may b? ﬁoémed blyfd:ofl;uﬁ%nnog eobfnsml._gf %E] ongt GCCPIFaélﬁns i £ gie 8ntenal %%f gcrebg ravmdmo or
at ’eaﬁ‘ﬁ‘g%‘ﬁ‘é“% rEs r“%i”tlf‘l“\"}@“é‘f%?fﬂ OHEEE & e HEcrge | B fMogagver, respective metal
epitaxial growh process for formng the material 109
may be designed to provide an in situ doped naterial,
t hereby providing the posgibility of reducing
I mpl antati on processes for formng the regions 108 and
107 in order to reduce inplantation-induced damge in
the strained material 109. For instance, the extension
regi on 108 may have been forned prior to the selective
gromh of the material 109. After the selective
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5convened into a highly conductive netal suicide.

Consequently, after the conpletion of the device 100,

t he channel region 103 nmay experience a tensile strain

wonopnseXdedi rection, which may be oriented abongsairoorsis

crystall ographic orientation resulting in a

significantly increased electron nobility, while, on

the other hand, the respective conpressive stress

along the Y-direction 1 Omay not significantly reduce
siicidetyegieap Bt mayrbe fibid ik thy molerighd (P @d éhg esfe giprttPdedthed tye basis of the spacers
106. enhanGeuaed) kthitysilicaScatiSn h@kcial, RskcanCe 160D ha wkedawd i Blose proximity

to thd &fa&thw 159 t@%rl}v@cﬂngg hwh stress tran@eigh{.r(.ﬁm;n Cior ‘eover, when the extension
trans

region g!gsof’lrasdiée %%rmc\{ltpl lrl to ?‘f h(,g, twit, I”f’““ﬁ‘f’lr q(wih ;gocgsﬁégd'mﬁelﬁa cléep cl-rahn and source
tegiofehio¢ desltdr‘al?eﬁe%“@ﬁ P BobieefrBBRoraE eriea! irpn 0 Ty GpeRgvided with a
signii@ntly reluas @t ratdh @erctyaminglinireagiignicd 3¢ tdnkile seddytha@aie MThus, any strain
relax&tRh @ntlé'\yafe {J&lﬁé(ﬁw tllﬁym&gl%ﬁ%xi&i@ gaglt)l%nlslb lh@s '@J@ag pQM@@%@(ch&l the overall

stressé:tncgugigg mes 1an:;3] I;%e Pgsllabrc])ngluence gl-reotp'm&s T lOd a.s sﬂown u?B?ulil'; Eoﬁ%nseg & highly

own i n ransi
*fhioigh ﬁ‘ﬁ‘t”r'&‘@“&g TEpBihy ‘}eﬁy’élfe e ier‘%ﬂ‘ SFEranbe %dﬁﬁmﬂsw be orieated
alonggf crgfalldgmpine erictiptiod @roviding Thish sosfior afld oo fhe tlgpoohobilipein gatragion 103.
in th€ bewtiFes eholdd the ML COME oy Be &icﬁted/\@l)t{g RPA0ET dickdidn, FH@En for a (100)

surfaécnc?fteﬁﬂgﬁ of %ngyjers ﬁg_, QJ: ct?h'mltell Q@c@h ﬂ;' atIJo oqgnte(arqloqu &fd;e&rfecnon thereby
prow?ﬁgthe a%héy eéli%ée&& :?og dxéy uicoe&smg\meélimg ism asr[ﬁcrx?eg a}fﬁ: F%ﬁmc Zt:‘onEquanon 2,

appropriate liner |11 such as a silicon dioxide
|1 Rgtrs idfmycnbecaﬂ;omm&desh&tumeﬁmrtlb{EachBdlg;ab @t @ptuhodembdidnents, in

whiclRQi#-RE ﬁ&@s@ %ﬁ‘ate’g;&or f&rnmg,diehstrgfne(; hﬁcm@@@s@@ Fnat(]:rgﬂa 9 is applicd. In this

cmboazm%nt tf?e trans:s?or flf;lUjinar\( é:on&png ¢ the clc p Jlram an% sor.irac(c::g%%gs lla’gand e'ftcﬁlsmn regions 108,

pecl remen
e A S e A A
techngh@n @keoreagh ore ilGBativi-gnbotiimes, purqyes eQ0 hdychateregmgéngddomn appropriate

anneal @3B Yo ber @x Bﬁﬁﬁﬁj inl Qe &@o&D@B Qiﬂ([ il@t ﬁiy}’hadﬁe&.brgﬁlﬁﬂbd to their intended
pObl[l§l%|\\ﬁtﬁ&lll1}é¢dﬁ/gr 1‘55\;&&89&%%%3 &{9 E’N g:noBs] ﬁ@ hgvm an apBrB?]nnl%éxo%Ma %umhrly

t acer 113 rella protect
trans%‘)rec&etnle%alé 01}6[’ e“ﬁ\‘?{ﬁe?rl%“ :,I.lc[li\ E‘bf’ﬁ%’?m‘iﬁ g\ﬂs:ét%rs f"é‘d’i‘cd}'r% o1 A other transistoss,
may lgpxpg @wng@gdmﬁchgng sgy@wmlﬁe the co¥iEdrids as\hpemn ipFigure le. In this
stage (@ SPEPLWB02E s@Bbd I 6 BbCHR PPITDBESS 0B Yo ilBipoBe a BRBIdESkee of carbon
coucelnﬂlatsgrh ﬁ@)ethg @Mincﬁd @Ju?césegtom) h @)oly)ﬁ{mpla]:lt;]l%n d €9 Eﬁ%hgtmwe embodiment, the

he cort ?Spon 1mpqutahon mr ns[t'glgcecinstherg\wla\%g se:lmﬁn in order

process srcgcntcc 13Q¥nay foﬁngn%: ax ¢ 1morp 1fza B mplatas ST Pae

 proige o aHBHRY atrepy=d Re: WSBERCerAraif T Houres Fegigysi 167 pehein A figiesd offset
of theafsp@DRROXPITEL ebrjorSvih msBLt tere mrtilgmidt L @any beesthidiged omthe basis of an
approBiiHRSl RHEnk B deY mAdHaSIaY, p&il&m&g%l%t(ﬁrok ShcbCai®bdel BR e;@t'nﬁig the liner 117
iy hq{‘reqygg]%m%}{ cgﬁv rﬁ&!n%&t‘] grﬁap#%grﬁa(e‘%?acer&&c@% ufg‘x alsj&géig cegtl&i1 on the basis

ge 1n the vicinit insul ation [aye
of WGRE ey BB TGSTAY 1 R ABSAFTRORTET P B pig b dhercatin e
coresgerldimg griagees net 8o preoceswd, ferestapsetop s boit of lBglyorigtiB0ve1 @Ry chemical
etch }ﬂ‘&yss&}&\ﬁe the@resh e dmaphifahén hpShstiodfmag e appiraqar i Htae:loyespondmg

amorﬁ%log enegheoh;&@tmm% {eNRLired nca\@mspoqamge%gﬂmman EBA, suoh as a resist
sel ective epitaxial

mask, maéV\i rﬁadﬂ:ig Eormed ogqi%ms g‘tj'web es’.}zls)hsh]gd techni ueis n order to gr ow
the naterlal 109, mhereln as preV|oust expl ai ned,
t hdexirab ep[jna:lnatﬂ_l@901Tm1y"cd)©apph@w:indﬁ@bcw nfaly ba phrfoghedde pawaduce a desired
concc%ﬂ&%tﬂrﬁ;ﬂagﬁls 2.5 tWh‘ﬂﬁ!l'mp Qz\%rgggd 9@11@1 @%%ttmgsbaéel z¥: implantation

nsi Llpeon/ cafibon, materi a ain
d
ose o Ef)ronmatcgy 5?' F ebl O%S gor a qfs/cm mg be apPrﬁpnagD for mcorB?erg a concentration of

1.5-4. f) ﬁ’ﬁ{nﬁﬁ’[""ﬁﬂt ﬁb%‘r o%féag éh@gr_npi%auon the sub:a}t_;*inw?/ ém?rahxzed portion including the
schematically illustrates the device 100 of Figure Ic
in a further advanced nmanufacturing stage, in which
t he deep drain and source(yregions 107, as well as the
extension regions 108 and the sidewal |l spacer
structure 106, are formed, wherein, in the enbodi nent
shown, the deep drain and source regions 107 nay be
formed by diffusion on the basis of a high dopant
concentration in the material 109, thereby avoiding or
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suicide regions 115 may be forned in the material 109

and the gate electrode 104 on the basis of the spacers

106. As a consequence, strained silicon/carbon

waatoer/isaly i ndi cated as 109A, may be | ocat edppbf 89687513

proximty to the channel region 103, thereby providing

a high stress transfer nechanism Moreover, when the

extensi on regi on 108 has been formed prior to the

sel ective epitaxial growh process 114, and the deep
modglnay MetandosowegeatioSnay @g icansilifd onbybdiavied et afmek rEdiques, which
ray SAptift@as R8s o stafel MSEORemddh Sall 1 L k- baQ&lrot* la@ﬂbal@ig‘ﬁmal process,

a8 pulwxadpa%%xﬁxgzg'w %qgthox tD the dg'wcgrfbi th%ﬁbrb d.leéosmng st cnent e%er;';y Etor initiating the

ereby mal nt ai ni n
ro-er PR EHTEATE LR AR St F s . SRRy oltins te
out-difpusiemefslemtetyyectchef teesapsion pisohdds prighotrey ddbard ggurg rfe@ss!07 and of
dopafdf DNALNELIEsChd@s tubeinibinemvetial the §ME5Shel MGG 110. Furthermore,

the ag@t%n:ﬁ QAH%"HE 0é§s r@ay%%ﬁ:@ ad Q&!Qzﬁl’on S[Ql% dE;;ath §1| tl‘?t:tdparm A\Q Qou%g' regions 107 and

e oGP e SRS PRt SR B PRI PG erons
WhmHWﬂ@ETWﬁhmmLﬁ“mFﬁ@med%W@@t|on may be oriented 10

al ong a crystall ographic orlentation provi di ng a high

pog lf’tlﬂe Ve &cﬁ(fnta%@atly Qﬂstltata:g th€ ln@:ﬁls{&o (hol® Q | ﬁlrlhgryadbﬂcet:l hﬁn&f%ganQ stage, in

wiucl‘l%g met{'ﬂrldi%lg? re%onsqglg are %Wﬁ h X‘(‘H ’the tregmns)ﬂ()gl ate: feleg[ra Xc Fb% on the basis

of 2 PHSLPELH e ThPiEh Ay A TP P it e s 170
basis @ fram Arplopiitondteripls Forl issongr theesniced 1&111911:9 figmedf@@a material having a reduced
dieledfid oﬁ&tah@ﬂﬂereﬁyhﬁﬁcﬁr@){:a@sﬁ&\éh;ﬂd:xﬁ@:esl mnsbdugthleh&iﬁz\f:&eQb@ﬁtshown in Figure 1f

may KH}Q?)!‘IJ(: tIIeXlchxr{ég i ﬁc@@ha@tgm %%&@m9§mlé§ prgag:%l(l:}’ tlo *Eh@ gha\%eﬁ ngj'; rrn 103, wherein, as

ure 1 n schematica
preip T ¢ R 1% REPE 47 2200 MREFENT T 6 PY e 109
Morepyef, ulset fPlatﬂﬁlqr@f divlyordiine§? s the hasighil dh tawlekitfibe rathart thqpr solgais's epitaxial
grow@tpratse gypvilldra Hgaraai-agortiaabisy hal dephtsililyl \aArhGatiiden CMOS techniques,
since m@tﬁﬁfnhtﬁh of]tgzgmdtes:a@@m&ﬁg pcrl‘opmf;dm ahi dﬁnmggﬂalmgltzouvé rh@mer at a plurality of

dxfferent mnts wu@byw catire x%eséans ugnrc]:e r gor msmnce ) prgcav\% rowi?cs a hﬁggl degree of

ﬂcx*béﬁibaam@we@fl Yihele raginrs f vn%ttfﬁlrswwﬁa%mf Sestrpiity o
silicogperimginh agtesh!, ofincapipriopeisatie spple anrtiatnOm § dohniaguiesd sthe transistor
manuMBH @RV BLuende NwiBBR dertkdibs e alel fUrﬁn@mD@ien@ﬂtxfﬁctﬁrm§ fRAQVALCRe P-channel

tranmgtgrg r@%exh @y %m@éﬁg r L%&:ﬁt%gal aagncgiplg‘?‘gcgﬁr\lnat r%duct%om%%%? anlnd by providing

cess, e regions
el S HdvieBoar™HrPrten O PR B AT SRISEPBETET g
perfogjapdsi \an he aptegy ek in] G2hgnpel gledess o oothge fopmmngnisend®PNeceiving  the strained
silicop/ehit@h inaBsil, 19/0h fagvdt DGhc @R RGPy icaiafte@EnDinitlc@hannel region 103, the same
criteriPh By Bpedouslt LANGLSt Or el ements in other device
regi ons, such as P-channel transistors and the |ike,
or any other transistors, may be in a very advanced
mﬁwab&%‘feﬁﬁ@a@tﬂﬂﬁ thegirpsivos BPoerctoptiterie v Vi duFird Grpodigents. Tn
these giiopdipentp tig tguﬁm@r @0 mdyrpr triay sot Sprager, ihaﬂraappnl@plrfmasbae material 109 and
may, RIdOGERS oSAGUaRAE hAkOoBY thB@oredk Ddarmelialdd 108, BRHh af Dcontact etch stop
layer,lvn&cg ?rbgtcgnp%seq%§ sxh&q eng:g&rhgﬁn I lu&?[np'lggc tcgb%u stress. IT dl? embodiment

show 10 y F LN rain and ; sQurce reﬂl %ns P/ .
i ‘ﬁ}ﬂl At &t PORH 8?15‘“ P (5P FOFPTVE Eh BB B FREhTCS: Pifeetn the Taver 119,

possilyyy ig seradinad@riditeer 6  tayaycorrp p bises sanceaimpierbhio 2etsirgred material 109,

For eaniple.aRtbakiniGniess ke ldyRSt @angaratitr t berepasing stofs igb thi: £0Bgs 1itNand thus

into (R SRR 'utdosop&;co)éhigt% @7 %Hb§£yan&tol a@l Llyth@' EHQ&P'NGZ&Q: tﬂQEll:athnrcgton 103.
Conscauenp nh& coF?sgonﬁmgg f;t?‘(:?shmgy agocgro{lg:vae qué:l?n%ngﬁgﬁ tcr\zéw e[zomrpfme:g't in the length
directign phehpnge seein 103 “fiecayitee %F@&%ﬂf'%@ﬂwgwﬁayﬂvaecm in the channel width

established on the basis of an appropriately designed

liner material 117, for instance conprised of silicon

di oxi de. For exanple, thesliner 117 30 may have been

formed in conmbination with an appropriate spacer

structure, such as the spacers 106, on the basis of

whi ch the deep drain and source regions 107 may have

been formed by ion inplantation. Thereafter, the

correspondi ng spacers may have been renoved, for
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5 out-diffusion of dopant species of the extension

regi ons 108 and the deep drain and source regions 107

and of dopants in other devices, thereby substantially

wotont/ebrxnng the profile of the PN junctionspdd®sr007007843

Furthernore, the additional anneal process may enhance

the activation of the dopants in the drain and source

regions 107 and the extensions 108 in the transistor

100 and also in other transistor elenments provided in
direcitrh &%, tgediiceion edibond thewbricstvodimgycomepnentsToty by Reepymredd tolpgnore dircot
actiof af RO aihddtaindl &dol BMpprdiately selectingftheQdbRatibl of G RRARE i@ di¥etion, for
tmstahds! HAl £1@5>e§wtan§gh5,£@mam rforJaQQrf%pmﬁm% LA&o), %g\éﬁﬁ&,@t L ohancement

i ga V turing sta In which Sul Ci
may bo 118v § C(lnipgregrto FOpY ?nﬁé:a 'qw‘xo(aﬂ ehwf!hsé c?‘,(élg:]vgﬁgcrsl O@u ltsflif;ént electron
mob!gtat isorgabeo mpy Gelebtligd withoptheaauie the Gfrmaiof 9f shpdned S‘ﬁ)‘&:@@flﬂm“ material,
More@lea e timbkd@p v ine Rerdrey vherid orored sesed Bertdybrned pdidides @ even further
enhadbd 8lendngoval of the liner 117 on the basis of any

appropriate material. For instance, the spacer 118 nmay

be formed froma material having a reduced 15

di éF SEFPIY eanstdatie, chReErier dieeige iy bparast iy aocordance with two-
dimegsippd cirdiran tegionsCarsdqiendhiiyqrs, bike adeshgel thdetoasinditowmel nsistors,
may BEOB Bedidicd TRYs € ONRK Ins @c&éﬁ%te&ﬁoﬁﬂio&ﬂg iSint NCRRAS @J:QQ&S as previously

dcscrﬂx@é eh Vomﬂ'ler e’]l&)%ddngm !)r%? & ﬁchtxsrf(oﬂ]\ t %]mtb iy otf de%pe% E’QWG%{AMTI %gnmsp)rs may be

03, Vi ou
g [ 1 BRSSP CHTAIGh S Seidplemens may e
positiorsd ghftepibninjopdet yaonBgndicingdl dd@9se dutyrae guiance, fomever less pronounced, the
perfofrffeBick0N Taks, hii@sipdréteicaduit OO @asdcheidbash iaPhe apf@dpriately adapted to

take th!)t@t@érﬁIoh @e t“roﬁﬁmgmrlan@gn ﬁﬁ{aggklg\é 513 r@sB!echMLréL sogxl;cngﬂh may induce

tenSlIB straln 4 on%tlp'xf 8&{11}11& q@n{; ﬁdx& %{1/1 énﬁc? P]{‘gtlb!w‘d\f& {(%?Ctlﬁ a%né gldthzid'ectmn
S|nce t he fornatlon of the material 109 may be
peFkoe pedhinatialinilighhys spaduaal2by heak ecihtdvberddBRRGFec@dl sBicon-based

layer @bi'l szailcll :tn%r x@& adslmff:fcggr%ﬂtﬁhom Qi 06; SIZOMMLIO Qarﬁ/gﬁon@n{tdhﬁl ies, the substrate 250
may lpc prcpar%]ssugi tg%a crﬁreaaoncpn 1102@185:? mdlch s 'I 9{05’> cr)ﬁgl?o&n;ma dli&.Ctlon instead of a

I"exi
<0Gt B RO ¢ ?aptpweh%ﬁ%fnu?%ﬁws%‘ﬁ@ B PPyeEs techniques, in
whiclhths icgregionddi dhamé! ateiops g towwistgiclemgonirg entrmandaliymonat e pib@l the <100>
direct®inN C®nde R0t R BE ec&&ctllan&méé @%lc&%fr&%m@dmaﬁe ﬁc!ﬁahﬁﬁlranbtstom may be
obmrﬁa& @L@ganggilyt\ﬁt%m& El@tﬂ? ag&l%rtl’ '{t[@ﬂ“lfg%%gulilt I'T% 18 and rgnlﬁﬂ] &ueﬂnw{; g&géé In other

st atfe 11% or mance_or acturin

iflus lhvg Bisté K ch, éilrst %HSLI? P ﬁl.'eg ug:t %Or()sw nﬁd{]ﬂ é1Fve abvlﬁﬁ‘llrwp élinH@ c\hﬁ described
with fafﬁﬁpqclt%%ws amherady bp povidsgvithiat pricrieithn o84 dirfdipsihomel dmeth dircctions
as inddyitefd InGdueti 2 Gvitiie SPE Clbsk@rsSPA GRS tadck - dhdvd! MEhsBrofs Ok G Briented with

their Fe@;le&tvk V&nle 'fcmrtlt tﬂre\é!zciny in @Giﬂ@x‘éﬁn:r)szf Jgh?lrm &ﬁh@ﬁlﬁeﬂ? [ﬁEthi along the

<1 10> d:%ntmn SIth ?eera c%!reqlg‘on g p@ Gifrni oft @ CIDI'GL!eIt laygut aud s ccﬁc roccsses m'a have to
ces or hot Tece Phe” 8CF

be Pbgf‘i’ffﬂr% dhiedr Hwbﬁa&f@rafeari*at Al 'tef?e‘i“é"sﬁ"éett‘“"t‘b"ft‘*ﬁé‘”é et rasson
200 ¢ 1n<b’éﬁﬁlar6t0i itmsharcene phlyi md bhe r@hcamexlnem@gns@ﬁﬂxﬂ_ OBpnet la@th directions,

provi@i@MheRliskd @lekt@n aﬁcﬂ)hlyy aﬁaypﬁce\é&:i@%al O @XPbagl ROne 3 -dimensional strain

“m&ethg%s&gwggpggﬁk&palIy shows the transistor 100
according to yet other illustrative enbodi nents. In

these enbodi nents, the transistor 100 may or may not
c ofiprd Veclepaticatyrhisre thsisybisterer?Se agchrding tratfethprallusd:@Q aubddiment, in
whichrmBysurf@el chichia@nad (k y0) or tha kit escrghhdi@] cyystallbaM@id Bk di®iehs <110> and <100>

have etnhlg L@:@Bff’s@t ost)(*j @c%ﬁ:gsd CQMSQ(SLJGIQMeJIC iq'r;tg.md %%Q trﬁ‘x’g’lsta‘s g&)nh%%ay be oriented
CcO

with m mlg.grulardp Pg ol'é%%agréus wiuc& may ng IMOLE & é:lﬁ':ﬂt clrcult %ffouécompanl:dnto P[Heé angular

I'nsic
°ﬁ"se‘%eﬁ'tf8dr ﬁ%ﬁfgf%%a’gﬁw* i rFGFF*gﬂP‘é Thgo the Hisst trpgine s PO ferreye N-channel
may not have forned therein-the material 109, wherein
the layer 119, possibly in conmbination with the
spacers 106, may act as a;stress source simlarly to
the strained material 109. For exanple, the biaxia
stress in die layer 119 may transfer a correspondi ng
stress into the regions 115 and thus into the drain
and source regions 107 and nay al so act via the
spacers 106 onto the channel region 103. Consequently,
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As previously expl ained, the channel |ength direction

may be selected in accordance with two- 10

di mensi onal strain cal cul ations, wherein the

Wo angi®tors, such as P-channel transistors aaguso07007843

N-channel transistors, may then be orientated so as to

obtain the desired electron nobility in the N channel

transi stors, as previously described. In other

enbodi nents, only a fraction of the nunber of
trangigosgjpshding @ st echanianah i £ frstagrpyesiybedoyiiharitrende wiftehres 1a-1g, a
tensifee gP@Clonpanehihie sgpesiafly ecknet yatalkileogn@p biygal0frhBRt &kdiOR, while the
respé(m{'el &Bgk strgsﬁrr}ﬁ& %E Qfleuﬁeh %%ﬁg“ﬁ% JTEM- Qf%caP,QS'IB'uQP%@e, a less efficient
enhanéumen% ote tﬁet e,!l%trclnnxrho tlit md'y aec{c}gved f%ro tﬂ be ﬁeé' ga atn{o%e e recfrgtecgcu?t Ia?'gua wherein,
“°W1d§‘r fha Pﬁ%ﬂ‘ceé“at“ff’é}e’éd’lf elecFﬁmwb”f*hé b sEgfranl ddhe ceispoeadite conventional
apprpaghee utSiihdBr wisonisd desiads 0N MBY rep@se@PPLIOPKl at@lsirs, the corresponding
resulﬁﬁ@%@@ssﬁv@ str@k@!ohgnth@ <¢Q)Q&h@t@l‘o@&abl%orﬁeﬂ@uo&%y@fﬂ@% QR&@hute to an

ovc1§1!: &éﬁuﬂy %H@J Qgg grf'!> stacr:lg': 19ustmtc%sp %qm 1one2 S(% ! S:%Tcé t§0u5n1g tIse substrate 250

uce ten N
"a"“i‘geﬁgi’fﬁ‘“d bt “ana""éf’éﬁﬁig&@flk’f@ﬂ's*f PR figprapfiige. crystallographic
oriengderhiethe shitHondih destitnorherei ofur enfger Sotrema ki€l abyropriately oriented in
the shih¢ dBtiHeabeR adotetl BiSdid] @heR B0 AIN G rrf-0 MR N8R €00> 8nd <100> may

provfd@ %%&Iv!e M%mﬂ'xwuﬁ gpre@@é]%gmpl&gy | I@Xx@gveng%heae\/@;éeg ng thXe&nQXPﬂembihty

ma %emﬁww% 8o e tatlon (ﬁg convent
v P ST phPa s g B g At eRy et o, o
instapaq é{’to"’éo%‘a?r&?‘é‘%i?@?r&?%‘g Figeresch-23 Gy coppigitiemighrespecd YWbchanne! transistors, as
previgrsipseglbed giraphpleralty sfeiiffereonvricdusiteathbbtioss a&labfiRble without undue design
compMxftgCt i on, thereby enabling the adaptation of

conventional circuit designs and process techniques,

i n which the correspondi ng channel regions of

t r AN ST OB AtEntiar BN dhrdtreat foghnlipg B tlsdorapipn f N-channel
transitigs i QP> dinreet ho AlectrGo neleidiy eptelnyby tphepriaefpetiny @e channcl length
dircctiddOFi®astspecofo 1R @ﬁ;taﬂ@ﬂpﬂf’biﬂabt&dét:ds Rf b %lléﬁh—@!ﬂ;@(ﬂ&ﬁxhcouductor material. By

consttl({rﬁmsal l%/tog[nﬁ,nsr@lyl srt)rgm %lﬁwgptt@ Q?pQGt:%y %%toae‘pgtxl'xcacoe)!hémms may tbc used in

s B QB b e Lo, e g dpeive s
souregnihb U pBRCSSmOPipats. the gimdi-gdueing eduearemy $o 200 qinadtwilicén/oageyn material,
formdatweepiiaxgd plovgueainices, sprakial (@midus haser iBedhamMid e channel length

direcli R iLERACEL IR & éf@l{gngysm!crea@e %QLMMECDQ&Q%@V&QI@QnMOanmane strain in the
ctive ch

charmgr rlegﬁtpnt al'thuso([]ontgary o aonvert%gxp ?ticchm&ueé m w C \anz\lln\:ﬁ. 0?%14%){3 ﬁ éﬂﬁ:stors are oriented

| rect
stons he SIS FPAIOBIGLS PRt AEIP.ERa Bl fETERSFSbOpgRs e <100-

orientripp échordyendord o vl e mobiliospbotdne «hahmelof hengiditely four or
greatd bdn@BlingONGe dolvedticdb bd@kenbn.Cr yst al | ogr aphi c

orientation for i nstance along the 30 <110>

dl{%ctl on. e, corres ondi ng redesi gn of

t he gar}x%uuar fch’d”mmi dxsgﬁa: g%y c‘iref %strﬁ&a%rgys gs elﬁ;ﬁg}mﬁ%%betn&?dtf ied and
practiprd ‘bé’r‘?’@?‘ﬁ%ﬂe‘*‘ll"f“fﬁ IoTHed 2anasnt Pahoapiletiattedrt hivag thehlmnefit of the
teachingsipeot | Xee coavipenthatptoons stah stthrertf dbb &t mang @aaeRdin a different order.
Furthdrfnéh8 So @ kS n 200 i @hd 20?’@6 adifils Q? cons!thH@L EaneL %,lrphe%; éﬂ&@n other than as

descnggll i the Q{ng, gglcl;]wer[t 15§hcpf:?o(s:€!: c*!vv gnt t! t?c: paqgcufgn%b diments %wcﬁosupabo‘!'e may be
I rections, providi ng I ncre ase& T et

a‘tef"‘lﬁﬁbimr) ifis? e} P weptioRt wE ceiRb ViRt %?Pctah‘é St of the invention.

Accordlipngly, dicretrstion nalght$trriaisps soivdi idde dbimobrgow. as previ ousl y
expl ai ned. 35 Figure 2b schematically
illustrates the substrate 250 according to a further
illustrative enbodi ment, in which the surface
orientation is (110) so that the correspondi ng
crystal l ographic orientations <110> and <100> have an
angul ar offset of 90 degrees. Consequently, the first
and second transistors 20Q, 230 may be oriented with
an angul ar offset of 90 degrees, which may allow a
nore efficient circuit |ayout conpared to other
angul ar 40offsets, such as 45 degrees and the like.
For exanple, when the first transistors 200 represent
N-channel WO 20071130240PET/ US20071007843



10 orientation for the channel |ength direction,
wherein other transistor types may al so be
appropriately oriented in the sane direction or in
anot her direction, wherein the angular offset of the
di rection <110> and <100> may provi de respective
circuit layouts of reduced conplexity. Mreover, in
these cases, a high degree of flexibility may be
ClLat¥iBeved when specific transistor elenents are
provided with strained silicon/germaniummaterial, for
i nstance in one of the groups 200, 230 in Figures
1. 2a-2BkemicBndiRihideatd, @&n}ﬂdlinﬁ% respective N-channel
transistors, as 15previously described, since a
pl G Brst tAngistogihpyiag enfirsy chaehtqesm é@“ﬁnmmtf" irshshaapel length
dircRM& |s§19|f§stvghtatn%lr'h§%%ﬁt qglﬁ%gr& n)% %]IILOYI matendl wrtl aﬁénstle
a result, the present venti on provides an ve
str atrecfhmocqwet pentechelohy rsmréthuemcrmﬁnd\u-lcrlrmkn mietecttmnamadsﬁrﬁr channel

il BT 80 DNEE P RSB RS ESERR B,

mﬂdlrectlon mrth respect to the crystall ographic
characterlstlcs of the silicon-based sen conduct or
matdePqeaid URYSidemuadg i ecoad SR KeHQ) SffANng grsgpend channel
lcn‘t@@hﬁx\étf?(ﬂn htahiﬁcrr@%@ﬁ&?zdtv&uﬂ'{a@rﬁ?eﬂe%@l% G ﬁﬁ?fﬁﬁétcélﬁﬂhcﬁ olength
may be used IR determ ning an appropriate orient
direpign tdmd Mcheheainnssiid tsceosl stlarmsl bragied ocmnmlﬂbesphcxtm \revmg a
c y&%fogla{ﬂhfgngplﬁjﬁggt ég’n?]ét gtoﬂorage tHe cl%’la%}leria eg%tf aﬁ? hegﬁon 'B‘?”tu, 'second
transistor.con/ car bon naterlal forned by epitaxial growth
t echni ques, inplantation techni ques and the Iike,
wherein the channel length 25 direction is oriented
2. 1o mRIemebhitd&dd e MCIHaSE v\thlaﬁcu@@ﬂ@'snﬁgn h&68 iPlaid first
tensile and conpressive strain in the channel region.
chanmiel segi@o fitrhar gxlibitsco poapressoraitraine adimizopies 4 firsvvhaimel width
direChlgnnel s of N-type transistors are oriented along the
i 0> crystall ographic orientation, a significant
i ncrease nmay be achi eved by using the <100>

3 ori.entation, whic ccou for an electron nmobility
R ) S L e Elﬁﬁr%sz?rﬂﬁf%r Bty nd gpurce tegions
for:@d&aﬁﬁhntQ@@'@[@rﬁrﬁl&iﬁ%& A& i GOBYE 4R AR S&QEH( if@%W@UﬂQE‘usmg a
30 The partlcular enbodi nent s di scl osed above
straigpdsqnpipQgltptar Mgirishl y, as the invention may be
nodi fied and practiced in different but equival ent
manners apparent to those skilled in the art having
the benefit of the teachings herein. For exanple, the
s set, fort erforned in,

t b
O TP SO EREP® etiPY b BBReS. HOIoiiohas e pteShductor

matérfl endeds 4 glithechdnahdisiof construction or design
herei n shown, other than as 35 described in the

cl ai s bel ow. is therefore evident that the
5. pamip %E’rh%ﬁn@dgﬁgdd Ligch o&/ﬁg APOV.E L TRY:0R& hALES! Zr 8dsaid
or nodified and suc varlatlons are consi &

straipgd filigpn{dagbos copier wérﬁchpsmxrma:telgf & dlemicpeerhi @rhlg:hu ,
Accordingly, the protection sought herein is as set
forth in the clains below CLAIMS: |I.A sem conductor
devi ce, conpri sing: a first transistor having a
first channel region defining a first channel |ength
direction, said first channel region conprising a
crystalline silicon material with a tensile strain
conponent oriented along said first channel |ength
direction, said first channel length direction being
oriented substantially along a crystall ographic <100>
direction, and a second transistor having a
second channel region defining a second channel |ength
direction having a different orientation relative to
said first channel |length direction and wherein said
second channel region conprises silicon having a



2. The sem conductor device of claim1, wherein said
silicon material in said first channel region further
exhibits a conpressive strain acting along a first
channel width direction. 3. The sem conductor device
of claim1, further conprising drain and source
regions formed adjacent to said first channel region,
said drain and source regions conprising a strained
6. senitzopduictrsiucizatderical of cldim Thewbeaicontuetond dawieeregion
of.claim3, erein said strained sem conductor . ‘
‘"“"‘“rPé&S‘gﬁ‘r f aﬁ“a’é’é’iﬁﬁﬂfcﬁg Ratgiigl ﬁ?% HEcArBOR STt & Sirdn along saig, gecond
chasgmicp@mdiiet@sn. devi ce of claim 4, wherein a carbon
concentration in said strained silicon/carbon materi al
is approximately 1.5 atom c percent or higher. 6. The
7. SemicQRAUGh@lciHeNMEE oPEIal &l Miher c\@ﬁ%[ﬁ?ﬁn?a?ﬂt%@; &P ecuic
channel region conprises a strained silicon materia
laydidatimeg ahowowpl Bstirprsiseiry sidfiat grigsedalidesiéc bpe lmhimpneatnsile
ength direction. 7. The sem conductor device of
‘aiml, further conprising a first stressed
di el ectric layer fornmed above said first transistor,
said first stressed dielectric layer having a tensile
stress. 8. A nethod, conprising: sel ecting a
8. Firshe®d@0%; r&ggtatipn of a channel length direction
of a channel region with tensile strain for an
N- shigeifngl a tirgnsiOfe opriontitibe of or nisdineInleagtsi ditecidom bA s edhanne!
eyt 1:G.0 L or.. e i.ng..a.specified surface ..
reg S PRI Uil RSl RGP ARORELL B BHGRESS pfcon-basee
semicodépendent hatihg nspeoifipdRemice driengdibe oahBOBR)s s 108 two
]._f?rniq% gra[q,and source rg%ions of said first
mepINAPRCPO prig PP RNCRlsiy S hehtar! (FEgion, sai d channel
| _erff&hhngj!dfaﬂpﬁhd)@o&é@ﬁ%%ts'cﬁl il Bt BAREG020NG 8 8LH channel
first orientation; an I t

stres

t . al I nducing a tensile strain
regiphy i ehagprdrergth degition wbsnrjiadaiadienied sforgharhétst beagation;
anddirection, and fabricating a second transistor with a
second channel region, which is aligned in a <110>
or irettagiorpsikhasen $i kaid ahabes egiombleng dhiddabi dasna length

. different, crystal orientation along said channel L
aivelihy E1F P ERITOR SEId FES1E b T FGE O e B P B ich i
aligd ihhe<methadneiios) @hdBeBilichlharmSeMRIdedhf0a a8kREE LRYmI

.said first orientation conprises determning a
oricitayat ApoggirRnee! dmpbirdigeionreltive i e Sisrotonaiset or

| ayert hat provides for the maxi mum el ectron nobility

in the channel length direction and sel ecting said
9. detlbe metba! axfysihiat | fogiuaphi comapiigmnd aticomgasaigafidi fariestation
comoﬁkFQ%gggoﬂﬁr 1Q.vTqunEthod of,cla&nms,\furthqr. e

RS e R e G Y B PO PRYERAE &k Y pemicoRgpciprs fythat
provideaifiahe Waditundble@edn @Bbility in the channel length direction and selecting

said determined crystallographic orientation as said first orientation.

10.  The method of claim 8, further comprising inducing a compressive strain along a

first channel width direction.



| . The nmethod of claim8, wherein said tensile strain
is induced by formng a strained silicon/carbon
material at least in a portion of said drain and
source regions. 12. The nmethod of claim 11, wherein
said strained silicon/carbon material is fornmed by a
sel ective epitaxial growh technique. 13. The nethod
of claimll, wherein said strained silicon/carbon
H.omat 8rd adethiod d¢foclmiad 8pywlicrgnt aaitlitmgsilcmukabnid htciuccsiab)d forming a

im13, .
s R P IR TP LR RN Lr b armaism L e v frstFot e ats
obtain a | ocal carbon concentration in said

sem.conductor |ayer of at |east approximately 1.
12.at oMM FaPE aREIaIM 18, Wheein raidiigaingd swican/piraa: Yesiieie formed

by&%ﬁb@bﬁl&xaal é,iowu%@ﬁ& ﬁ\l{bt' al |y anorphi zing a portion
said sem conductor [ayer prior to inplanting said

carbon and |nplant|ng said carbon into said
13. Subﬁlthg&hgé yciarm rlP [Zc?gn eaad suamcd silicon/carbon material is formed

by implanting carbon into said semiconductor layer.

[4. The method of claim 13, whercin implanting said carbon is petrformed so as to
obtain a local carbon concentration in said semiconductor layer of at least approximately

1.5 atomic percent.

5. The method of claim 13, further comprising
substantially amorphizing a portion of said semiconductor layer prior to
implanting said carbon and

implanting said carbon into said substantially amorphized portion.



