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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
WO NOREFGED CHARGE CARRI ER MOBI LI TY BACKGROUND E¥T/US#007/007843
| NVENTI ON 1. TECHNI CAL FI ELD General ly, the present
invention relates to the formati on of integrated
circuits, and, nore particularly, to the formation of
transi stors having strai ned channel regions by using
A BRASISTORAAYING 4 SIANEEL WITH TENSHE SHRABIAND ORIBNTEH ALONG A
CRY&YAILLOCRAMBCH RIBN TANJON WITSEINCIOL ANED ¢RARGRAMIRIER MOBILITY
charge carrier nobility in the channel region of a MOS
transi stor. 2. BACKGRQJND ART The fabrl cation of
i ntegrated circuilaty 3 : ENEION of a | arge
1. numbeRNpfAICFIELm t el errents on a gi ven chip area

ac&&% il)n Qxe p?es@nt %prgrﬁform L& % fhg %ntnattoﬂ%? Hl'ie’gragﬁ Qﬁfu?tls la}{d nfdre particularly,

ura rocess tec les are curren

to “’epffﬂg@t'?fb%%“anﬁﬁ%ff &pfine yginet Hﬁfﬂeg sesiopy By Psmgystfa'gu@*/rc% sources, such as an
embediied: ptoapred bovers or the dedrosndgpeurcthrepionsam bntianee ¢hiatge carGiGBobility in the channel
region 626 MUY REMstdS currently one of the nost prom sing

approaches, due to the superior characteristics in

vi ew of operating speed and/ or power consunption
2. arBAGKGROUNDART cj ency. During the fabrication of

c O]Tﬁ|fﬂiﬂc:itﬁh efinRieed Sii'dlﬁdl‘écﬁu&ed«tﬁé foemAahRSE 4 8D RGLMREYE circuit elements on a .
given mn al-eg. %coQJm {oang‘;leg’hgd’ S rcuft layout. I\(Lje?xg E}ng r{)l&él@él’ S}ogetrssstechnologles are

P-channel transistors, are a su
currely B‘IafﬂffF‘h  hefeiay K95 ORI fEcuiRntuch ?ﬁdaleﬁowcqssggﬁefmas ipgand the like, CMOS
techndiqgg s wstety, one rof 68 pBGt progisof amh@tclme,rduamo e cliritxedharacteristics in view of

operattnlé @5&%& SlaRdk p&ler Borflry @ﬁ] Q(ﬂj'or EJsaﬁg'ﬁél rD&r§1g %nglngﬁ{og gﬁ complex integrated
onpr .S aIIe unctlons eforms

cxrcmts u? #Z ?% t%cgmﬁ?gé/mny 1od18 6 ﬁanalftgxis,n gnsxftglal aaﬁg channel transistors,

are foqudrprah Sbatyatey svelugxmziewdwbhanmbonﬂ@gqr davedi SpMOSdhransistor, irrespective of

whethEreh WeeHande ' @andi6ta} & o IRHafid1 ﬁfﬁﬁstﬁhﬁ c&@idEr@@ cBﬁﬂis@H‘so—cIltk@ PN junctions that

fgngq)gci’ \{rl,g otfh e;shannel cf’% the dr
are fo mC%l aa o 1 );' oc%pe rgm éuan Ecte Iré 1on% hmatlﬁ ﬁré Imverse Sy Xoped channel region

disposgdhbetyesn F"éd’abye%""g@&? degtugereside for med near the channel
region and separated therefromby a thin insulating

l el ondTaﬁltf Qﬂﬂy Qﬂahxya I'eglog fz et hl% dgbéiﬂxprgnlxt Cgl%gilll%f tERB uctive channel, is

Kj mat i on a con uct r've channel due t
coneol T Sa FIdE AR A S P %*%fgf@awmth@mlatmg layer.
The cetativitt efcthy daenel dejpanuien Grmitiee oflo pendtctizo Fleew Pt tb dir, application of an

appropria@ JeR1 lvbitage Qf tHe Bte rEWc@d‘d'et dép&h@ b& Qlecc@fx{n't %&emﬁﬂ&h; thE Qhiobility of the

majont%' cg%r ee (Ql geixgst %QZ{OﬁQ \C/)gn egc ensxon O?{-l]lg gteaﬁn %:glg{r)] glntgee tr nsxftor wxdth direction, on the

distngel fE eSSt e oAl i SRR r@g% r@,wlx/muaésn e Sosy gpore lgsth.  Hence, in
combibabion Svith hizen cuphbillite I’mgfraii).\dlj"le:ﬁﬂﬁg al ¢on@ IR EhabneDBeloW Gk ihdaBting layer upon

apphc&ﬁ@"ﬂ?l ti’lé t:yntrgf v51 Fél ‘E’cl %ccéa?eaglé&gdn? tfreP Q&Lga(l:lt !:o\ﬁgucgagﬁﬁlelhe channel region

the insu n n appl.l cation

s gy ‘f‘%\@ﬁé‘a Rt QS b OB 48R A channel ength, and
associgteshitiere withy fhee yredgftiopné tlmaﬁml repigtiyitpresigh Shearkanmgl lepgth a dominant design
criteriChEb QI EInTpBSirz 8 ifdRhd M HBH AR sptdad s MRt fara Siritdr S .

Thus, the reduction of the channel |ength, and

associ ated therewith the reduction of the channel -

r d&p copipping shrigagre pE then@ngitiem figiensiasp gdyererdpltetng plurality of issues
associdl@Shaqewitty] sutlessiraicdd@bntBULanPbt i ihgelslsd relfr@Rs @s dhbrt EHahel effects, and
the hk9 8,118 ﬁJvla ﬂ)g)esagcﬁ'gsgedost) ag Q%ol J}{{%ﬁg i”ﬂe?ﬁi@ Q&Jaxqt&gég §btan-1ga%y steadnly decreasing the

I ng shrinkage of transi stqor dj nensi o
°ha"“ﬁi g“\'/\%‘b 8’? gﬁﬂ?’éﬁ‘ﬂf’é% Pop s egin]ps siFe ﬁe§‘§ﬂ%fb°fé%e§6‘8?aéf“é’a“s‘°ns’ i.e., the gate
length toff elreewnﬁlhors,smhmass thedhdemaios ond possiblalzhd néw doflopient of highly complex
procesS aRiglkes, f& &@mpief BF E&hbehQridSfos B cheRRNedcts&f L hb&n proposed to also

and the like, that have to be addressed so as to not
unduly offset the advantages obtained by steadily
decreasing the channel |ength of MOS transistors.
Since the continuous size reduction of the critica

di mensions, i.e., the gate length of the transistors,
necessitates the adaptati on and possibly the new
devel opment of highly conpl ex
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process techni ques, for exanple, for conpensating for
short channel effects, it has been proposed to
wa@bk@oasizance t he channel conductivity of the tPERESENT007843
el ements by increasing the charge carrier nmobility in
t he channel region for a given channel |ength, thereby
offering the potential for achieving a performance
i nprovenent that is conparable with the advance to a
enhanbdlthe IcBanh& GhiRta bt gy of e erandistdr @leaiemts dy Mgreasingathe kl@gg®tcarrier mobility in the
channB0 &%BQ o g Hychgltnelt Qﬁgtp r ﬁmmfﬁg’ﬂ QHE.n L&E&Ql Yﬁrtaﬁh&\h@g a performance

~ process adaotatrons associ at ed vice s
mprovsREnb P £ BRPrIRle WA IMS A B it g.“‘rrgmt%é BRI ivoing or a e
postpgrdnzrmhagy ofthdyprblléms ensputitbred witidihé proeess agpptaionst ah@cilaiatl witledevice scaling.
structure in the channel region, for instance by
Cr Sat pr g?{tté?{hgs}ialu?m cr;r u(t:c?ea e %Ic ae}%eséaé-reés inﬂta/ 0’? rgxg SmogI 1aatlox of the lattice
structgqe maithq chapnliregierh zirmettanreear eﬂanng\mneh 9 SRUPRESIVE ﬁtr%ts in the Viciity of the
chann@Dfdibh €6l adPrbdutey a fcOkesindias K0S inthel ciitﬁiheﬂé&eglon which results in a modified

mr:\bxlqtf1 %&ee?ﬁtcirélngla){d hf &I‘ res mlga’ Fof %ﬁgﬁ[ ?es %&?fﬁe&it/é‘ %}aﬂt 111%(1,: gﬁnnel region may

ncr
increast, S OBSPIBY % i gdX S8 REORUTR 1P| POFEY! (R SEHRTCiRg oy Bérformance of Peiype
transifjes.f O tepibe hadd, fe tiypion df tande Stmristhe Ganichegiot hisn Nicaghel transistor may

mcregspae&()ﬁ ﬁ%ﬁxﬁ@ e fng&ﬁbtiog oBbtfed &7 sir:ﬁn tiifesiAg 'ﬂﬂ@intcﬁﬁﬁﬂ Bicuit fabrication is

an exme[?}r Prf)vusgm%%gg%xﬁ Ifcggﬁxg}se erv1c8 farr;]iglgc’sgsaige E){ examﬁg, strained silicon may be
considerrgi a3 @€ e wg bipp o sinkiccndcter euteghly phich nfagispabieatht Gtpripasiom Af fast powerful
sermc@ﬂﬁlﬁt@rnﬁé\yceﬁ Ak | RGuidRP Epasive f @midbhtiubiBe matladb,CRhile many of the well-
rat l e, strained silicon may
esmb]%%hg%ahlga éée Ciérg&gs m‘frit’p{}\lll'l%ém of sem conduct or
materi al, which may enabl e the fabrication of fast
powkesdferk, iaeshin€ opaieaches thel byl Gedilivi dHPMOS ru@ogistars isgenhanced by forming a

straingt?(ﬁﬁcr&%éfﬁrarﬁﬁm&&m %td%n mtsgl[réﬂegcionsvgﬁ |tlJe @raﬁ@s%\‘s therhh @he compressively
wel | est abl i shed nmanuf actu;{%TO tech

st
s egls PATBVE P e o1 SO AR BTh BEo FRE H B g b rn and
source ExtEIMOE regican of &t EMDS ganeistbrancefimipgd cfndhmqqrg of, iant implaptetgpn. Thereafter,

rcspe&ivl: bx@%‘l QEHERR R WAk AU e dafd clebiBodd bddeflirdd ﬂ)r ﬁﬁldEﬁ:rﬁtlon of the deep drain and

source _]:ugctxons a 8 ahetntt]e?al sﬁugtges {nsétlaoterrsrham\g\gc%rmenggtat eh rlor et%xsrrlla 10 %f the deep drain
raln and source regions create stral

and sgigeqipRatpnss these degions H&rﬁﬁ'@ftwrlégrcsﬁed frged ¢ e é'ﬁtjva“tsra@efs while the NMOS

transifléraiafe niusicbdS SulisEet £RIghIQ i i@ @b Siliodn/detnemnfMIG/er is selectively formed in

the PILIE)@‘ %hsg’s'toq Ii:§ e}‘;}(a%ﬁf é?&m%‘ qjecﬁ’rﬁqu%p eSlpzé%eSrlan'al fafide spacmg of sthcon/germamum is

tion er eaf ter respectlve sj dewal | Z space
arcarclgn i} b e AR RS SEE T U RSP B 4SEP B e e spacing of the
silicoal&if igrvivini werofompiresidewpindwiiFin isaeflicigty toestyred ¢¢ ittoreharmpldregion, thereby

comp;etfh@ve%trﬁhmé e Glica efid ’I{hﬁtnﬁégreﬁﬁﬁﬁ] H:feﬂﬁt) Ha@tll@ﬁh Sdi@@®ant performance gain of

the P-cgann 1. transwttor I—Ignrcga at srx(x)lfpm%once hqtas rorpcz;]‘ Iegl foe}q\gch%gx%f ggtsxstors by using a
¢Fi'8 thed regl ons are se Ive recessed

sﬂlcowa%@r} ’eﬁertah ghag hd%\Rrat‘“Pa“Sfp G ss?acwar fogPerpie I\ The resulting gain in
perfotnfaBddShdleOdr Sis BECprommaiced] thaStkps@aU Sht-¢ yhe fisthér dghite/schlibg Sialy involve further
perfogrﬁgc%q'ecﬁﬁnk% %Qa/axggﬁmpéouﬁ%rlxr%%ﬁén !:lﬁmﬁ:?éf%@tg 's\ﬂﬁl 26 &&Ja&ﬁ qoﬁaﬁt levels in the

ransi stor. by t axi al R?
channg Tegien, flgl Sieg i8] e ef@“'gmérYﬁgmﬂrheérkF PP Rahigjmportance t
providezsfiipicontedmiqhds dor compeansaghig eiovereccompentating p rttcnmomltywegr@mrppmaches by
efﬂct&litl;' in@l@gy @Qﬁﬂﬁg&%@%@&hw&d@p&gﬁﬂl &ahﬁstd)rat))t hsGi@ sﬁz_ﬂxaﬁl.litfbglg mechanisms,
suchasstra1 egsncoI I Ca,r ohmaf a H?eder conpressive strain,
eI '¥? I Cclen P ?ran erred to the channel
reglon, thereby conpreSS|ver straining the silicon
t henee;irskemme&loh R4 GigEad toOvarisiB ai@tiodOaddegudnisShdt af solve, or at least reduce,
some 1 U o GARImcARLLALBRGGS gai N of the P-channel
transi stors. Hence, a simlar concept has been
proposed for N-channel transistors by using a
silicon/carbon material that has a smaller lattice
spaci ng conpared to silicore The resulting gain in
per f ormance, however, is |ess pronounced than
expected. Since the further device scaling may involve
further per f or mance redu0|ng mechani sms f or counterlng
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The present invention is directed to various nethods

and systens that may solve, or at |east reduce, sone
w@eooalibo2ad t he af orenenti oned probl ens. DI SCLOSRREUSI07/007843

| NVENTI ON The followi ng presents a sinplified summary

of the invention in order to provide a basic

under st andi ng of sone aspects of the invention. This

summary i s not an exhaustive overview of the

invention. It is NODISCUHGRURKIOF ENVENTION Yy key or

Crirkd tGlﬁan%’]pgm assxrgghf Ech&mﬁrw te MVeftfon biforgle td &m% b&ﬂ.eunderstandmg

¢ coeoféelnvent on. lts sole Ltgoselstofp{‘e I .
of soBE ABeROALD (ST o TBY AT S 67 RHAEVE pBrtel Lo Ppfon 1t mo
intended repidehtifydiel ederifies elemprits dithet ifgntidngr ¢ detingats dle shape of the invention. Iis sole
purpogfﬁﬁ‘c[ gkdelt sofnb orRégRSi8 ﬁtsnﬁﬂﬂﬁ&ﬂfom Bs 4 Preflid BGheeklort Qetdled description that is
& ({.‘,Ihnl gue that may provide efficiently enhanced charge

ISCUSSC
carrrér nmobility by taking into consideration for the

strain-induci ng mechani sm the crystall ographic
di ﬁérﬁfaﬂﬂ&l&&or@ént aw&itiba ﬂi?ecbaﬂ%eﬂﬂﬁh@tﬁﬂﬁkug bﬁﬂldéf&ﬁﬂéﬂtl& lenhanced charge
camel‘ Boﬁqlt?% Q;Jcmé nx?ci {on&&?arngr?ﬁoﬁ {hle §J’a|u{:i§d|9:tn Cﬁt!c@i(ag'gmclﬁg é‘r&'s%'ilographxc differences

ustrat|ve enbaod] nen certaln stress
of 2 ghgprda%s ST SR Ih S D 4 AT CPHETP i eTHeGH cargigymobility.  In
illustrptive véntche digne sl b ttaim tsireeh | syur¢een sich @s straimgdnsiliqen/tdrigon material, may provide a

substzfnﬁ§@3&1tsillevs§'axﬁ lﬂﬂﬂ@ﬁgpe&% leHnél’- l’e@ﬁg alBﬁth@aﬁﬁHéﬁllenét}ﬁcﬁﬁgtﬁn whereas a signifi-
cant amount Ipié('éogrllr}]){'/eésuéetes{r%xai ?naﬁaf,gle erateci mémrag{ans istor wu{t%giretctl;oghwhlcl} m?y unduly reduce
the pwfqupﬁlcﬂ igpim dor ]&ﬁhanm ﬁ@ppnsﬁq_rl%, Qymgutpg, cqmé'emlxe@ll {crystallographic orientation of the
channBEXk§i6H. MBY§pProgadidly hsodssily GO aFiReinduclng RGLIShiSH Sn EAbirAGon! Wieh the crystalline
chara%t H& é Si{aléle] r%&x:%tn%k' le Q%%?Hét& ?ﬁén@@ EnacIrJieQQ o%taﬁxtanx?ore pronounced mobility

) annel region é assessing t
incresgt. 3i0R IFRIAEYe o PEEFRTE e B P T GHY AR fifbedded sliconiarbon
regiorGsrity drkia[ahd so@rce trgivacdf @l-¢hginelclsld dffeat tahdumnsg whereig ia Gorsespmiing adjustment of

the cHaBne PO QRS @th%s?ﬁec@ kJ tﬁmr@s@ubg}a&ﬁcd&femmn QBmabie &ilitHRMiterial may provide
qQnounce | ncr eas

mobllgﬁﬁxbcasa?ﬁaﬁa(use lﬁz gw éxg m a ﬂg eUaé1F1Ft| rlc leg%{n ld;a/recél rb % egy a respective
comptegsiversbain dee slohg &en\ﬁ@h riibf@horr eleineqauently, adplerplity aheffigeny tegkniques for the
formai6ig bO&GHe@icd khleaaﬁmellx aedsdifhc@it foeBit chakid] Sdgfoh Qf N-cHafIRI RdnBistors may be
signifiva 9@“&%&9&1 {1]19'es di %%heﬁ%f}i t fmérQa% hlac%gl oBfilyentation

Wt the crys al ograp c orientati on of

the base silicon material nay prow de nobility

i NBceakg ¢ a¢sibdudiye édit@diremsis ihe pstdnainventdn)m gpntidveductor device comprises a

first tlahN? |h§Ju%r a tjirﬁlagftnnel dégfoﬂqgﬁ aad?-éi cpaYmé 1&15& Qﬁ&hbﬁ/ G/hercm the channel region
r esshve stral n

compgEh SR TRHES Yoo AT S JerBHe R PioGTRHE COEHH e oy channel lengt
directiolne Mogrommt thofirsicharapijergthedireetioh iscoaaitedasubsntiallyedeng a crystallographic <100>
directitdlj acent to the channel region of N channel

transistors may be significantly "anplified" with

respect to their effect on increasing electron

moBPerdng. to Zothst Yisirgtive Gmbreiment pifat preserty ey cRieB T Hof comprises selecting a
first ofibr@atjon e5€cHansichleyt digtionaf § €MD regios twith tagleiseain for an N-channel transistor

to be @&H@J insaesﬁlcgn gds&ﬁgemicgm‘%bxsltd% \h@}éknntge &n‘fnéo;@}ctotp E@é? rﬂ% a specified surface
first. c directi

oyl WP Ve AT B ORISR R A° Y Ereap Fpy independen i
compeyiehts inghe ¢hanrel fegibn. hehneghod &pther| comprisepformingdirpin aechgource regions of the first

transxﬁ&ri 16 8drRd vl cBPellrEpfonf Whedin GRBARARY] 1dnSiA Qﬁrlél:ndrin rsesgsiamny oriented along the

gver. the first. channel t i

first trth (Snsile ot dé‘%z‘ﬂdh [ofig the ficst channel length
=D °“““ {‘ed substantrally along a crystaft og ab‘ﬁ‘“’g b5 §ig channel leng
d"ecttfl’r’f ect| on. According to another illustrative

enbodi nent of the present invention, a nethod
conprises selecting a first orientation of a channe
| ength direction of a channel region with tensile
strain for an N-channel transistor to be fornmed in a
silicon-based sem conductor |ayer, wherein the

sem conduct or | ayer has a specified surface
orientation and wherein the first orientation is

sel ected on the basis of at least two linearly
|ndependent straln conmponents in the channel region.

e r o
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direction. According to yet another illustrative

enbodi nent, a nethod conprises formng a strained
wa@edo7asnscar bon material near a channel regi onPGI/U82007/007843

transi stor wherein the channel region defines a |ength

direction substantially along a <100> crystall ographic

orientation of a silicon-based |ayer. BRI EF

DESCRI PTI ON OF DRAW NGS The i nvention may be

unctesrsingod [y anefher diveeativo dnivedimait] ewimegodiespriset ifoming a strained

sﬂxcont/cg'%gm nla{gnglo&hlu‘y %ﬁdngeg r;‘%ﬁlt;xhn%f{ r[;g %gr@%[ép RRaeM tﬂgcﬂlﬁﬁ’éﬂﬂr&% defines a length
e ltahrgy g T OGP RIoE R g P pomE AP e

illustrates a perspective view of an N channel

transi stor conpr sRMGDBsSRIPATOR GrSHRAGIRGEAr bon
mat eri al enbedded into drain and source regions in the

VI ﬂe nﬁv%é{log ma? b& H%Fd E)ﬁgfe%ceng\{ﬂqullcﬁwgk@%ﬁmn tﬁaggrhconjunctxon with

rection orient ong a specif alp
the acmvéwnatdrawgaebwm I retgence PRI il 8‘6?%%"("§ hich:
the present invention; Figure Ib schematically

i }J'lé{§é fa%tzﬁe%ua@catlpﬂluwa@g\/a Egrsﬂeag/e JR¥IoE tn lQ-fchJI:lhé] lt&ﬁl@;lsloac:omprlsmg a strained
e occurrence

snhcorYCélﬁngP ln'étcg;? cgig?f}dg nau Oé.lfcc r%ag‘pn? énstgxe \\/necmé o? cﬁaanncl region having a
channg¢l hiength gingstipn pggqte@nfi\loqg g@pqggﬁe{im g %@émr}eetaqanyaccordmg to illustrative
embodihédtSIf R bRs&GI @Gati&eCct i onal vi ews of an N-channel

transistor during the provision of respective

strain-i nduci.g’:\% sources, wherein the channel |ength

di g Iosshemsatienlly diipstatest10m i 9 the slexics pfipyrs y thereby demonsirating the
occurr€icy 8f Alnla@gl Bl Sraprehdantdixiabepnpels@ctsedn imhadeorUagioe

with illustrative enbodi nents of the present

[ nvent| on; and Fi S 2a-2b schemati cal

pl BT ile hemefivally KA Se-CaHEr s & a% ‘ﬁ@h ﬁ *&f‘m during the
proviston @f eepective anai-siheringdewrces erherdithide ciannehtehsth dinggtion is oriented according to a
specnfﬁu:l rc%@faild%%!u@%n%tﬁh sBleQedOinl R64:8hkcd WitAGLRKAREGbWikdéhts of the present
inven ustrative enbodi nents of the present invention.

tWﬁ 1€ the invention is suscepti ble to various

modi fications and alternative forms, specific

Q@Qﬁ‘és%ﬂb&cﬁeh@ﬁcﬁmf illagsae ﬂ]@ﬁﬂev&M\thhbeﬂiysuBﬁraex a4avjplgeformed thereon
Lransigtnﬂ Jebges t}%wcl'ggx%l Eiéh@gaﬁ@ech&ﬁ edf nwlﬂcgls glrel %Qteh Nn da%&gt'.lallce Mm illustrative

be under st 00 however, that the description
embodi@ey Hf G PrEPLEYIHY™ enbodi ment s is not intended to
limt the invention to the particular fornms disclosed,

b U\K’h&n tﬂeh ﬁw%@x‘i riar éﬁscefuthﬁ'e It tv8Rdus OModificatibhs C MEC hltcddative forms, specific

emboca?\ ts th a?vg %éene W v%n toP éxam I’]d % aw\l;llral‘ tslagt? e Lerem desg1bed in detail. It
thi SBrP SR P TRVE

shoule@fanoogyhoMq@r ébﬁéﬁdléﬁﬁn@ oa ihprgin oﬁmﬁgm@@q‘e@gﬁm injended to limit the
inventidd/ ko T}fd&ahiﬁMEl\fEhﬂ\hlhohdsas btitadn M€ canrgdihaBmnémionts dbhever all modifications,
equwall{l]l}/semdl aqgnﬁrvgs fgﬁﬁg W;&%%Q&hﬁ‘é{nd L(:lapé Qiethv];t m;lg{txgg‘ bs Qefﬁned by the appended
eat ures an act ual enent at | on
claimsy - o descr i bed in this specification. It will of course
be appreciated that in the devel opnment of any such

3ct ual errbodweﬁtgsl ﬁ@ﬁmﬁuﬁmmb@mmwv@ﬁmgﬁcn fic
i Si ons e to ac eve dle
f 1 t all featu
eI %strfmvg em mentssolﬁ & mggntlgxé are fi-:sgrhb(f::% ge\:N? \ﬁle uinthest 0 cian{yéao all features

of an ambl msmfe@sorr ot desstbed dn §Psr wepficgtionghit G‘h“ fqursg ke yroreisted that in the
develd@Renti ofahye RN hathdl @AbédIméin Glukierous iMple@@ition-spdcifidd dedisifd® must be made to
achiev@ %rdlg&ello%érg’%péc%ntgoay %\I;Lh%s go%% Q TR Lysgin rggtted dgmmepserelated constraints,

ex an nsum n ut nevert hel ess

whwhawwl sy frere opmigelemantptog ¢ ‘B’P‘%{”h a%%eoeﬁf i Gy appredateq et F‘i‘fh a development
effort trtight &¢ torldex augd tinkeeolpemdki but gould hewrtti¢lsse bo 8 upwing hglertaking for those of
ordinaR KGR the b ¥SMHe R beNdrt b tROWdABuEescri bed with reference

to the attached figures. Various structures, systens

and devices are schematically depicted in the dr awi ngs

for purposes of explanationonly and so as to not

obscure the present invention with details that are

well known to those skilled in the art. Neverthel ess,
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attached drawi ngs are included to describe and explain

illustrative exanples of the present invention. The
wowrdasemd phrases used herein shoul d be underBtDUS20aTI0D7843

interpreted to have a nmeaning consistent with the

under st andi ng of those words and phrases by those

skilled in the relevant art. No special definition of

a termor phrase, i.e., a definition that is different

f r e prdsent Gwaitimwijl nawrthe desribeiradty refi@be 10 ghe8achextifgusss.0Vdtious structures,

systerpsyant'l Iagﬁc%s %.sélleﬁglcklﬂ' &er%te@ £ the hx%winEsI EPQEQosESbe Qgplinm oﬁg' and so as to

consi stent usag he term or ase

ot o B D 't‘Y?ai‘°“al”‘F‘é’FH1‘%‘Pa‘|6‘fﬁ“éF§‘ém?‘§‘ Pl o o g g, the
attachej) d@ivimks mre dnviudeyl toj degrribe andnexalaimnitiusobtive rexdnimdas of hlsgt present invention. The

wordsuaﬂlq %Ee@ QskdNreiiinbili® Be AfdeisBN Snd §iéﬁ:j?et@ ﬁpx@\‘?e' @Alneaning consistent with the
under%tzfgxggng Ipf tg%sta Iwgrc!s arhcfrJ p%ra es ! %1So§e| s\({)qu]lg in rtrhéanrﬁlevan{ It, tI\n) Cﬁnecml ilﬁﬁnmon of a term or
phrasyrid, @ fefpifiopobaliy 9tfferf=@vfrq§e§w toFfinagpnd| caﬁtom“f PWP‘I"P&)?? Wﬂéfffstood by those
skilled fA@hel 20 Birnddans B&l&pllé&ﬂ'&ﬁx&isleyt, us:igh of (B¢ RGR Bl phra8d/Kdid. O the extent that a

term Jt; th%its & J‘ntgnd%d E ls:aby ?,}g%;af 91cam eJ &Lagﬁn%rgtllcy thah! Iﬂ@p&ldgrgtood by skilled

arge carri annél_transi stors
amsaxﬁysualbbls%ﬂ ?ff @Flgp 'gnéq lg:cefcpr‘:@ ytsEteforélh gnrf.heefpefxgﬁb?qqm a definitional manner that
directlyi ahd@riciptvocally pasties taspedal definition ffor slieadrinag plagshi C
speci fics of the silicon-based sem conductor material .

Si F? Sxaﬁl OUS| Sﬂl? @?lngilﬁp %glef 'goh et%cﬁglq%%l! rg(g]rge 1c1ennp ghancmg the charge carrier
mobiljty ehmctﬁyeelftwmeqmb)n @W‘@“Etﬁﬁ Sﬂ@lnf‘@ thaehangel dfngN ‘@ﬁ’ﬁﬁ’ﬂ @f accordance with
crystallb@4phic ShdlfRs @Bﬁl@bﬂ—@as&&seﬁﬁcﬁhdu&br inftt2gr Al ﬁr@ﬂoﬁ@hﬁ;ﬂﬁﬁed the formation

of em Wﬁdde{‘lgh% %argosns&é'ua is coﬁsqdef'e%r IP orgg%grt]e%llmél{ %’stén%%n%{ng ’theI ;Q:rformance of

rained srlicon ger mani um
N-chagph stfisrsiproplineiesigfagiinicezion KBURE & ﬂ“’éﬁﬁC%?ﬁ%“”yt“FFérf‘é’tha‘me‘ transistors,
in whidhQpfrhihédCsalitbl/yerinfGune agierig) rbdycbehraibeddad b itHe\irdim atd@urce regions, thereby

sugmﬂ’cgﬁpeﬁérka\éﬁg Qﬁ@ﬁl&‘l@'méb%m’ Qn theI Qsﬂ?:[:tﬁ@téhgﬁlel I;E%)Bﬁvefn’ prtaaﬁe however, the
erformance of _conventl onal, N-¢channe

ns) s
per P G B A PTG el 15 PR TP PO Pyt n the drin and
sourcelregions ragycexkibiy p oeformagyico gain Wratyis dgitifidantly lassp'@nfememah@@ as may be required

for fuﬂl?ei tbenhdédy d.o&zss i\?\gﬁ&ft itk 3o bR the PRENEHPDEED tRTBlI0Mng explanation, it
is belxev d ‘Pg tll;ee]g?s ef] ecgw% Fam mu{)enl'lrtrog'na‘iu:.et;zcgl‘rI convegt¥onglqg-§l§én.¥e\{vtr?ﬁls%rs with embedded

sent 1 nvent
sﬂlcmf/eﬂrhoe\maﬁgale&ambaﬁmhum# to po-dimgensignal ggainictferty in P goregngading channel. The
embedifell QiGédnabgBniterial) whehfhed NBdnea 10ficeComwaNkdsQlkalcrystalline silicon material, is

formehl' og Q Qin&%l terﬁﬂ‘la‘%{; %Jer%g}oxre&ly}ﬁgt egceﬁgip g%ge%%f §1'aJ(151Q9§14 G. @I‘ p %—dlmensmnal tensile

material ma di mensi onal strain
suain PHIEAEE 7  PREPEGPE é%eﬁ%%?aﬁcﬁ& e P BB TRASenty, te sifcon
materg) inj the iapesl einnedyes<periencevitriess Hotgrs which artayrhplve et result @n a substantially

tcnsﬂé:Ql@ﬁntaﬂﬁE the eﬁﬁnetl nﬂﬁh Qiﬁ"ééﬁ&lalvhlﬂen&l thé bthér AindBdeRkih @bgreeloB compressive strain
is mduced '{JE ngr%ﬁ)e d::hannel wxdtg g%ec n’g}s %tr%eshlt hlg%(rcaex'QYmocF gc%éxon o@gxe %harge carrier mobility,

ie. ﬂtewt?stéan‘rﬁi%walw ohepel rrgions W&Pwonweews aé%rpa%noa of two different types of
strain C Qhdr@f, 00 RAhvaftioRhl r PEDaches ) itypallyo the thfneldis acietidd abgniie lerystalline <110>

crysta[lﬁ Apgﬁ on%ﬁ)ﬁ Ghen E(Lrlylentlgﬁe sechlul:dnﬁlgz%r I]RLIE fuivﬁlg | {]1 V?}')] p furface orientation. A

annel regi on may %erl ence stress forces,

correspggyling BV R SF R oo N PHpnEL SRR Wereé’rfé%"rf@a%‘ef PGP the mobility
increagd eimpg thehdifferéra yped ofl serpig toiey b feast partisily omlrel @it eash othiads effect on the carrier

mobilfy, hﬁ‘JrelJ}a'@sQlth i @fet BbftioH QY pRBenBY RRURESLS it BoSlehidhd) thaSsistor elements

th hannel wi dth direction. As a
havm‘%glramf‘?emtieﬁ&gg\l/me"rac “WodP i cation of the charge carrier
mobility, i.e. , the eI ectron mobility in the channel

I egéonSdyuentiLyacB@dif® Sthel @reetlt MmSentiors lﬂ&@c‘rﬁﬁlﬁﬂldtlidﬁ MheOdhaindDlength direction is
selectgu tntd%; € 1d£r¥tﬂ)%so %&5 ath13me£fFeE§ rof nstﬁ%ﬂ@ﬁ:ﬁ q}ﬂa@hamsm in order to

appr oaches typlc 'y the channel is oriented al ong

t he crystalllne <110> crystal |l ographic orientation for

a conventional sem conductor |ayer having a {100}

surface orientation. A correspondi ng conventi ona

desi gn of an N-channel transistor may, however,

significantly reduce the nobility increase since the

dlfferent types of straln may at Ieast partially

o Y e



10

15

20

25

30

35

40

the transistor element in order to obtain a synergetic
effect of the different strain conponents. Wth
w0 e@pas246 0 Figures la-1f and 2a-2b, further PCT/US2007/007843
illustrative enbodi nents of the present invention wll
now be described in nore detail, thereby also
providing an efficient technique for determning the
twodi nensional strain distribution in a channe
signific@ly o&lincelang ddverst indlugcésanalicl eairdrymotlility st ¢vad povide appropriate orientation of
the uaq%&rb%km\{@mum%mm RLmESRERIA 3 ol SRR GainlcbAPSHERS, OF
0, may be considered as a typical transistor
elenent haV|ng an enbedded silicon/carbon naterial and
WhWith reapelt to Fizyrgs beelfiage ga-The furifiergidysirdsive gmbpdiments of the present invention will
now lben&ld&-fble@ e RfoteC&etA] tHeRBY @18d bRNALng Lah SdiSdidnt QchBdu@ BN idiermining the two-
gglnacgmngralned silicon/carbon for

¢mmm"T?S“mn §%3¥ Frve current capability of the

transi stor 100. The device 100 may conprise an

APPEDP 14 RhenaGtdl illuattates b Pdrspetrtie @faw of ih dxkinplsdy Nadhian@! transistor 100, which
may Q;p&%eg? Qg 2 typ%%raﬁs%ﬂ{r%ﬁﬁ‘n@&t h%lpé’lgnkcnﬁjleéde& Qiﬂco?%g%&{ ﬁ:ritg'lal and which will

awngﬁ ormed 1 n an upper portion thereon
siso R tged TLSPsPgE Py BEAPRRRE: B PO ot SRt ARa plpep yhen using ermbeaded
strainegihsilicen/paraon S ¢nbowinh dwallive emieotonaphbditoef thatransisial 1§0s The device 100 may

compxki)s% éﬁnﬂﬁfoﬁﬁ&@ guba§até? 16€ m/}ﬁéﬁn U Blu@Fative &hﬁb@in&%s Amay represent a bulk silicon
anoun

substrgt& gavngnf,?rmeg in an uﬁPer 80!110!? 1hereon, 21 s’ubs%an? all'il\xﬁ:gsta line mi(ci;')g-%aseé %yer 102, wherein
a silicpgybpsed qein@etﬁiumt Teqt4rig] ig to bg ee‘wrsa@d wpﬁmtcogqy@eﬁ igaduding sighigicant amount of
silicon, iswo ,as Bﬁa)’ox&ha&@y Beatprhie perddnt bimérh GilitoR)y @kereif) 2therlnon-GilidvA materials, such as

dopan't Is;leUi%! mt ﬂhé’ ?ikee rmgdilwtp?esexh I?x? th%l’i%%I rlég elrg'gﬁerrrﬁl}/stratwe embodnments, the

represent, in conblnati'on Wt sem conduct or | ayer
substritezl()l pay ire'pfee% lbﬁorpmgalﬁlpléfvaltl tl(egan)cortdaﬁ?r lgm é?% d'lnsﬂlcon-on-xnsulator (SOI)
configntagore iwherein b bnrie@dnsitiadng] 1 (ng shawnd may brodroGded wtveaele spigstrate 101 and the
semicBd@%bdSMd: Bt ween the substrate 101 and the

sem conductor |ayer 102. Furthernore, the device 100

may conprise a gate el ectrode 104, which may be

c orytherowers; the devitd H0rmagyudometiagra satp «z!@cgg@ 104f whiclh ngh bg/ comprised, in this
manuG@R@( sReJ, ¥6d Rk PRopEBEoBysiliddn Mramﬂmlmmcff&ﬁxm @ftednsulation layer 105
compx%a& gf si lgc%rlil ldl%%lde sxhl:o%.y%? 61 %%h %%r%ectfé %Qsteﬁgl b ngtg)o';nf‘ thereori and the like. For

exam@%ﬁ%laﬁ‘éﬁﬁeé rfgplicptiope ghe %ﬁ‘def‘FPé“’P ilayer, ‘qﬁo‘FaYe'%‘af?ﬁP@ ofjsificon dioxide with a
thicknagh\vél nEath alps kcetdrdns, déphdingahe lingd Wi tt igan eleanpde, inbi®ated as 104L. For

exam;ﬂ@){hebglte lg{gﬂﬁqoﬁf m§} {)é F&M&Q&hg@lﬁheﬂﬂ& hes@ t&j‘ﬁh&e}ﬁ&e%mﬁ’fand even less, for

ess v ep n | engt
hxghl)i Sﬁ%hlﬂ c{ %lvlé%st r’II wgﬁly1 ﬁﬁ’[’"‘g‘g{“@’d’f élée %wﬂqgﬁ&loz& %guxre a corresponding
reductidheof g ttieckihesm gf the zatQnisulaprylayye 10700 order lamepvisle g mgfl idegsaetof gontrollability of
a chaln@S@giof 03 foRsddanar solicoHiuadidayey 002 He®SSgatel 1ﬁ§ulahj)rg ket 105. However, for

channg’lolexl;%’]t}%t l!ce o@zt ?(Fj ﬂ"qlgﬁ rgcﬁlcm;rxy(&l tﬁ@ ! Lt¥ ’msnggonrl% 5 O\Ohegffomg of the well-

requl corres
established, filicpy ﬁ‘o e fnﬁgnflhfney( ﬁ%é(?g%fbet*@edg‘éct‘@ §°n"§L}P ﬂqvﬁflﬁ the required channel
contrdllgbility. Tofsequantly; skeverall (ppnades gt p@pddedyis chagermeasarks for short channel effects,

such gsoiggrgzgleci a&ydg' cthtth:ha‘ﬂn& h@fﬁeiosfﬁ%f) Gmggoﬁiﬁlt Qrdmfe‘étrfc r]nattJPﬁls for the gate

msulaicﬁr,sla}(l:eagail;%xtg?ﬁe I'ﬂ%‘r w{: ﬁlhxﬁxﬁye \%/eg\év %%25%?%5\? g%)laﬁﬁfxltl{a ngoblhty of the charge
carriexs drgjihe Fliapne! tyiiop hES. Jar disirepsen and ifcg Feaoay asrexpl@ifed akpyespa further increase of the
chargd GdrA@Umathlity e tweiHamie! aAgioigsnlog ds &iggjiyg&ﬁiradiepx,h&an the provision of strained
e s e own so as to

511.cor{73¥bo£ I de !dt‘"ﬁ e asréggffimrep d’go “harier %%'c})l ntrollability.

Cbnsequently, several approaches are proposed as

C OThet devibe EOUhgSfuftler cahpisd, dedeadimedn prbfeeCitBiegisy @ [tespeStive sidewall spacer
strucnlrg Fdée@cﬁQQSx I%r E}QtaQJe, Jxlh:gn &Bﬁ&m ﬁilcoﬁx %ﬂﬁ&%é—@:g L) %qurennore, deep drain and

using high-k dielectric materials for the gate

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

have a negative inpact on the nobility of the charge

carriers in the channel region 103. For this reason

and for reasons as expl ai ned above, a further increase

of the charge carrier nmobility in the channel region

103 is highly desirable, mhereln the prOV|S|on of

.
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sem conductor |ayer 102 adjacent to the gate el ectrode
104 and the channel region 103. The vertical and
wo a00ensi24@opant profile of the regi ons 108 andPADVS10aY007843

be adapted in accordance with device requirenents,
wherein, typically, the extension regions 108 may have
a shall ow position and an appropriate dopant profile
so as to al so assist in reducing short channe

source frégiqns s107 Vrde gomapctedy theteroa temmective i ¢xtengion geidne NLOBA Ry ital defined in the

semlclﬂﬁctﬂﬁ}(yeb ﬁ)2fa@j‘a5@d(o Welghte @lett;tH)@e &ﬁrﬁh&; 28 (& V{3 410) Fegioﬂyg 'ﬂtg Z'ertlcal and lateral
er.e I N

dopaxit ﬁro‘i'na I"P(g\{hcfnc I’] I yrog andt nﬁ nhag aéxteﬁer? E)rgz:al'ngzg w:Mewce requirements, wherein,
typicallyifag extensieq ngMSd esawesdhw ? Phal*P“t Proitigh eidian gpriopsialg derant profile so as to also
assist iregi@mg shod ChatinbllRefetls. @Xdrenek zﬂ@rainﬁﬂ Glicoeardnaraiigikl 102 GiaPhe formed within
the se;lrxq)c%ncﬁxgtot' ﬁ?etr 1694 ¥ tf?e%@ﬁﬁ@) d¢ %ee: %‘lr}ggtldnol6§ \Jitlegm' etﬁ‘semboldiiment shown, the

subst anti al }/ hin silicon nat
mater L iR i P b oo SEFEGaTEPnE 07 Yilhepyegtending into the channel
regior BB &p khat dolvesparinling PRl julcgorgti O gt sudbsthntially, formed. withinhslicon material. As will be

explaﬁécf %&hl fefdrefrddl {oeﬁlgﬁ'g dl'bnﬂ InBret cﬂa@ulc h@n&%el %Q&l hdu:l:g‘]bln i.e., the direction

conesgoxrdmg %e cl'ra{u'lg,fﬁj len: e%th ?‘ ?lso lflch?teg ra@é,{dg?ﬁtlgg }nd‘abqwe 1a, is selected with respect to
the crzﬁ*rétperetherqhsrtthmepf thi eemicondiuston Bk t163 to|pagvéde ent@gcet gharge carrier mobility,
due td Br¥in GetheEHRRRTR 0 B MGRhGRK Ibé SibduBdbyl thd HrainélkBlich O cafbon material 109, In
one rlglgtl:aﬂ{rgexﬁtmd&nlggt %Q Q{]rlgétxo{: fsgshg%géglﬁa%]ntc%hﬁlom?% J? &Fp crry%gﬂgg%%}ﬁc direction,

wherei fn i F%t"{dt%gg r‘PBéﬁP‘ﬁ‘%‘gQ"“gt?‘{t’é’ 192 iy BiSE R GH o orentaton of (100). For such a
confignaier efitticl caistalfin@layee M0 the ahaoing wilth<diblion,GhidiGted lad W @iradtib @ Figure 1a, also
corresBbrld® fotal cgtamuagbaerﬁe Lioo>laRedibl s enbodi ment, the

sem conductor |ayer 102 may have a surface orientation

of (100). For such a configuration of the crystalline

I a?@rsetm@@duqmeie‘deﬁﬁ eq sheyivdiniFighier le atay be formeildi eapeehca with the following
proces¥est | AFRE thie @Fovisidn bF @bl Edstkate 108] WhiclC by RSP Qﬂ&l&l ﬁtg‘e@q the semiconductor layer

102, %I‘Qﬁ%; ﬁm&.@% sexrﬁconci]ﬁctgr lag:rr I%Qt tﬂe Sl;EhLlQat S?(W Co't}w 3:%130 of epitaxial growth

technigyes e BB oL TRPOTTE urte@rateérmrﬁg Cﬁ%s"éfs“anﬂf‘?fewomé be selected so as to
correspdr@\ib Sheodesial dria@atiou S tifeathenndiOdgiono T hThaR Ys, bﬂMﬁo fa&[xmq)erformmg any
manuﬂa%n%%%cgs!;@ tﬁcems%(ﬂggﬁgﬂcccﬁarl:@éﬁ%cs J;Ptﬁe lage'} 1@_; rLe?}r be 89&:%&9 with respect to

emnm co ductor strate
creatu{ghtgns %ﬁagl gﬁl)& gsgf: n a@cil B)wqu}sxfkéleﬁme mgxmelesrﬂgal(fggcitbﬁ a corresponding
strain-gfdu@ngreep@émi ve i ntegrated circuit conprising the
transistor 100 may be selected so as to correspond to

desired orientat| hannel n. 103. :
Th e correSpon m 1g¥r8 ac emﬁtlfally F1)1 us gei‘s r?] c?]rées%ongigg gesxgn or an actual plan view of

the depyiep dP‘éch*Hrerﬂnfg sifpiRneis s@scatet' rrré\elt thy strainddoyilicapydreon material 109 acts on the
channelfregi@C108r i 8tsh6n, Gfe dniveddedyititonkBo1RiytbiEal ded Bafieide a Wrighudinal tensile
stress, lif3eq Es §)& it E@rta lllpgn lth@ %e?reﬁ%ﬁ @?}3‘1 9' tﬁwxgglgrhl%cated below the gate electrode

rection an consi er| ng I Mensi ona

104. “g‘rr%%tsgms'rg H“@&?Pééﬁ*&k&?ﬁf@ <t ten hﬁé*t?csP‘H@e e cPrEpsipg tensile strain,
which Tifag hevgrarrespgrtived g oRittgishaed darsCinelriiity inctht thansie] tepist 1EH @8 the same time,

the s&ﬁnﬁ@flfc&ﬁ@ﬂ;@ﬂjhﬁﬁnzﬂi @@J ﬂzﬂr pQJdu&rh tARvead strQ:ls@QmNdn@tW iQf atil&s component Syy
acting qFO\l[l% 5an§?llw:/l’€tg:c]i %:gcr» b %Iei ?te#wetgtronsﬁ%pegrlx gtcc?ndes%/gqﬁgmg snl%ss component is
Compfeqﬁlgﬁné‘patrl%gpﬁﬁ the (pgea q@rg%m’sxstph@dgw@d@\t@@vaﬂable for stress interaction is
signifiginlly Quddale€ ablapdated it @el fkpedd3 #FBY 2CdiletAd Gn ahd @agNiskdd Olekp@®| direction, the
corresﬁcﬁx@rﬁé Lt@anﬁ&{ tﬁesn%glo}lsnl%b Cv%tﬁxdm%'sbc%éerst&dlzl g%[ﬂ%ghp%lé bﬂxtap sn ain, acts more

I on region |l ocat
m‘majgr é‘°‘8—§ e Fpesyer ‘tmt*amrhfég*e*b r‘93e‘§ arsw&r Fg tmaigress Fipin 5%, thereby aso
creating @pespéctivestompressivEixessrmythe filenn inatetidh alosathe wilthodiregtion of the channel 103. In
other G&QHY, @SRRI RYiBRSH] B SLibAI 109 e%ls%h‘pmyg”W§ ofl the channel 103 along the

respective effect on the charge carrier nobility in

t he channel region 103. At the sane tine, the strained
silicon/carbon material 109 may produce a transverse
stress conponent, i.e., a stress conponent Syy acting
al ong the channel width direction, i.e., the
Y-direction, wherein the corresponding stress
conponent 'S conpressrve That IS, srnce the area

T . s o, . Y



10

15

20

25

30

35

40

creating a respective conpressive stress in the
silicon material along the width direction of the
web@annai24@03. I n ot her words, the natural contPEUSINT/007843
of the regions 109 entails a "pulling" effect on the
channel 103 al ong t hechannel |ength and a
"contraction" effect in the transverse direction to
the channel |ength. Consequently, the corresponding
channd &Agth lagl € tropEgnt’ ek inathd trariverss giTptien Bi thechemsplonatint Consequently, the

conesp%\‘&ng{eﬁsﬂg E&%ﬁ&ﬁj Sk)nanhtﬁee odat Q% SR ShPsde prOGiad ol thedchannel region
ecti ve Stre nstlflt atl on rfan|t

he
103. %ﬁvdta% é?fagct%er?trfﬁ &a fullaélﬁSI i gﬁgﬂ\}\tﬁu (ftoﬁ E pen S on tHedtgangltg)/r width and may,
in manyas®s, ranza frge approximatply 0Gx$vrde &S \PxD., @hesmlbt qffegt afythe stress components
Sxx mﬁr@y%r@d 8eskor bdoBility My EJ@ttﬁité&t@Snsﬁ@rﬁiﬁmﬁﬁ cffciendndfor silicon. For

examp%/%r a 1ca ecox?vegtg:otngl ynde%}? b lﬂd%Emns ﬁ)r %t k‘cﬂgtl\%iSFl@f t}aﬁsxm formed on a

ectr coerfil ents for sili con. For exa ﬂe
siticon lpyer B ving A QAP et SHETE the,deyises G B NemeTed slobg e crystalogaphic
directibris &M B0>S (O this kdhwventibmal ordenlARBSEHRT rebpeaths ipBtwlecttiopavidicon may yield:

silicon layer having a}00);p8fact Q,gl entation, the (1
devices are typically oriented _al ong

where;@rtlygglatpqe @g)ﬁlgﬁemoe ofjthe gleqtrop prebility lVilG.blS ob_ialfledt fﬁll' lge above-specified coefficients,
when G0 RYRBiive 3@k cadipofditsaitd exfiressédlie unieI &Ph.1 Fremphegiboe] Byodtion ¢, it is evident
that the quIgEttlcﬁxlta? @Exglerf?gsﬁ}%)e;ngss c\é%gﬂeﬁt ch%ha%&?g the Qlecl-r%n %/035111()111)11 the channel

ative nodification ofthe eleci
rcg1onnl'9.’b qu"l Pﬁacwth :?]S %‘B’fcéﬁr tatrzanYersF REMBIESVe ng%aét fstress component Syy has a
coeffidgamedf 0.t8 et dye tahmeptive siEspghe tttessecosmp@ssswotwmﬁsm%s electron mobility.
Conse eﬁtl)E )QP leS %dedtlgnalﬂ Qbﬂf@uﬁfxongaﬂ: cJ:nibﬁtmi tstié%s aa‘&&% &mEmbl alebtedh mobility is

S evl Itu
sxgmﬁfaﬂgg F?rfvgs?teg ??r,e%rsmaa/bl'or cefgm c{% ge cong%ura 1onsé E{AE < reduced transxstor width,

onent ect
even Uppiyie fegtive.n A heesehamm °ané?j?‘6‘M eqtaRbisk splecsive epitpppl ?Wﬂ‘ techniques for
silicobarbdn, PJrOMENMELE moli&iell AN SHBES Bopd NAISS Sie \LPitfxiaby gtoawnesjlicon material, a
relativ %rqu%%mf?c%ﬂp;%ﬁggr and%l é/anh 3P eftn Cao gécﬁ’éa&h eftive Q‘LITQlt lﬁ)aﬁiﬂg” may be obtained.

enealveS|gn,testr S 4
Accordjpg (i éhoee%resleﬁeméqné% rt)af:n s%b?qatyf@ ba tgcb @W?%Ctnf o?fﬁréents and two-
dimensi@iaV ertsi coldlhtiooonrfdaly uliaatif thalaydr 12 loe mbﬁmeeirasltnr @isgtagdnfof g surface (100)

and trQrlet()p ata%le? fet‘létfl) B SR Wthé §1y§rl 199 |afohé: ard;ygtm}c%ﬁm@ Hﬁé%h&d[lOO] then the
certain device con

uration
longltt'xdénal ﬁir&fs cPtg%qjl&ré gxzf ?ngﬁlge cgfngrressxve at{eﬁs com\?gx% {)Sr:l m né %dvc thee}'(t)llowmg effect on
the claqegatigbilty: As a result, based on presently established

sel ective epitaxial growp= ﬁ@gbmms;y{,or 7))
o 5 S B e Bt BRI PLY e BSREORR govnen mov v

associgted eitteth¢ soeffigientres | §ivhile te trangesr spmnipreize. gt i negativs ethSSa“’umem Syy
is ass&lﬁféfi Qa6 8d nlfatiobriEibR BL 0. mp&hlcbﬁséweﬁw,)bob&vé&tﬁpmﬁdus Sxx and Syy may

posm‘ﬁa co Q%nggt h)o t hgbxﬁr e%cq"gatse I tﬂé’rgtg; %@Qﬁca;tae 1&?&[}%@%‘ Xv?eka% performance,

plezo éllectric co rclent
ircespqcliyScit S HQTS51P8 FOTGEVBIOn WA FRERFHp FOTSF 'éttgé‘ht"g tptpigtor widgh.
the layer 102 has crystallographic orientation of its

suf aﬁ:cﬁfe(rgrlng F@%&L Iar @:!IL-%& %L Q{e a%b@%ﬁshdek’a@x%t fhe isSbstrate 101 having formed
orientated in t a.cry taIIo

a
thereoaltl? %WCBWUFT@]@TCI IP% g%y %F] épqrod)ﬁlatelfl%a tton %nné th gm rl%Exctunng sequence in
order saowp@nemnesmnaﬁdwtchemelcrmwew@ |ﬂtaép@wﬁ@sasdeet?ﬁptfrf‘é?ﬂ of glggtron mobility.
For exXdR)le hﬁl\h@ abdVe sfeaitOoMbd) the BfidnRGibn Sihelchnélli@gihfd@ection X may be selected so as

to obtamga ttnaquum m% mcrgze §f( électrons f%?’ %yc%’ta gl)r{eg rr;@§03l Syt sﬂolaﬁ be appreciated,

Ive |ncre ectron no

hOWGYees‘b%Sc‘t‘hf’F o"?ﬂ@‘f’(“é‘ﬁsﬁf‘% bg tspleded E’B’hﬁif'ﬁ@ t© r'i’%fy“b%alwg’aphm characteristics,
dependiSS O tegiifthems foh othbreiragefldnicais cnth BfP-cha®2] trapkistoreartdhhe like. For instance,

the regpgcgigg' Yobd- (ﬁx%ergggn s&air baY&lattLtQ%‘iay%% erﬁ)%g@i fo/ zeplm%tttg' @8 Sifferent orientations in
order 600% %‘? g Fl‘ésme %?L%tygiisg’csrga%gg ggent e g u & n}(’: gipee g Er msxgttorrs et% ge formed above the

conmponents Sxx and Syy may positively contribute to a
mobi lity increase, thereby significantly increasing
the overall performance, irgespective of the

transi stor configuration with respect to transistor

| ength and transistor width. Again referring to Figure
| a, based on the above conslderatlons t he substrate

A N A o
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to obtain a maxi mum nobility increase of electrons for
the channel region 103. It shoul d be appreciated,
whowenan4o t hat ot her X-orientations may be sel BCT/E82007/007843

with respect to the crystall ographic characteristics,

dependi ng on requirenments for other circuit el enents,

such as P-channel transistors and the Iike. For

i nstance, the respective two-di nensional strain
substra@al 00 Lisulabthrginlty withoub esqpieing diffemat drizntationp [ferr diffgreny trgfisistor types. In other
1llustraﬁv efrrﬁ&ﬁﬁt:ntso frle %&r@ﬁﬂaﬁmﬁ)f hifl ot REE a El@mﬂcﬁhﬂioﬂloﬂ ofl@:mkikted of the type of the

y increas or i gtio r_an
de"‘“tlp%ﬁ??' i’f’ SPEtE P % g (o] °f§ﬂa é’\‘;eeu'%%esu S %ﬁg\ﬁig’% while other transistor
elemengsinipy be pitidnted na differ¢nd direcienqui ri ng different orientations

for different transistor types. In other illustrative

S F{Ig X! ;jxlfornl:gsg)tnfdsg;rgat%u% ctgﬁrig%pgcgsgés% %L pé‘l’olrm&lrto attﬁnls %s&p@twe silicon-based

tranS|s ors th etg{g E’ N .
rsionsusihinee RO oD YA PReh B o HESIBERE SIS Er Gt hove),se

as trericiVasolhtioRenmi ol likeg @ahobd dsisosfswellvdsiablghegt photolithpgraphiys ¢ty deposition and
planari tﬁ%ﬁqﬁ?y 'ﬁn%re%elr %H@sgodd&gamglbﬁtgt%ﬁ Rdce Qs BH1 BeQﬁrned out in order to

prOVIdbg}ef ,SCH(‘:FE‘{:{ 5?8 o tgcg)fx(:zegtgatxrg% gnu&gg%ggcl?\rr]e%eg SI CIF (s:lgcop rea%tyna on the basis of well-
established) techméqued. tHor exainple, EPgFtvo ﬁ-gjq;hqkbyolqawlal@tzmmoopﬁ@ and the like may be
perforR@S | &x@fap&&frfaémlsw thé @At@-ﬁlkxﬂﬁixoﬁ fidyerCIo8 ra8e th 1kt electrode 104 may be

formeciggl da?o 1{&‘01‘ de; osqllrcl)gh I SO agel Ql.l(ﬁtqﬁ&qy “terlxédkgn ﬂQ:ansQ of advanced

hot o ogr ap Ny,
photolitoprartivtand fich ﬁﬂmmua% sHbpeiag %F?"Plé% isttiRed “??ﬂé“raé’aP pgferial 109 in a later
stage, £ Srfe@SpANbapiing 1Ak @Ry sitd I@prpided es®e of mgat@@ec@aaq §04.gdDepending on the

procesg) Mategy a&;rgpq’ate sgacgr s%énggs (h&%h&ﬁg &’Haf/ ggfoﬂ'%&@xt cncapsulatmg the gate electrode

ntration Iin the respectiv lI gon
104 s BTN SHEPPFRECB 8V 6 GG REDERAP PER S PR aLrsss i he e
102, whizh nex antpégeently ds ffiled ivile the lsraish eihdon(netbpagetenﬂﬁp%m ﬁ‘F ibesgp of selective
epitaxial Q’G@tﬁ%@c‘ﬁm@ﬁg h@odid k€ aﬁﬁéﬁak&@ tHa€ b hRFINBTof dNB¥dns process strategies may be

followicgg'ﬁegﬁ'r ! ?xi#gthy%%tggal qbQS Whorlnttlfe %&F shb&s#y tff‘et A‘lﬁ%i ?dﬁegs well as its offset

&%l ectrod or ne
from thx iclhandl mloank?ﬁ @pd ghepdsi MpoTFrETTat Wﬁfg‘?"‘ﬂé déﬁﬁs@&?@fffsl §9’ correspondingly
selectif@dnli @61 Nin@the R cid@SMBuadurmg wassed phot ol i t hogr aphy
and etch techni ques, wherein, for form ng the strained
silicon/carbon materi al 109|nal ter h deratel
o GioF S Bl SRR SPaPeihe AU AEPRE BT S i ditshvith « moderatcly
high off@ptoalic dili@elgadien OB gldreby gesitiodibe thBeilicrmd¢arigpn gnatetikld 09 completely within the

drain B{dos%%ec' re%ﬁot}@tl@'g%hxl@pingF %ﬁgc%m%ﬁ»\@c e nvdidridCl09" Rgy b& Pdsitioned in close

a
proxmg}yé& lﬂ‘?eoc&%t%il ﬁgxgh[{)qem ro& téoc a\r}% téf atf] lgansg1 er mgc%!’;lmsxrb It should further be
apprecizqdrthag priay e, aften oom@emttqn@y P OTPPEES PFOPF F%P%‘F‘i/m@h‘%fﬂ’éﬁf’me‘j in other device

areas ﬁ@&ﬁﬁa&@l‘éctivﬂy 8 iY@V ged@Rinmitiezial ifBidesit bs@dhd @littdetforlnance of P-channel
trans:stors lﬁq'e%vext pn s%rl;lx 1ll§l£t|: @l'ene%q)oﬁ’ lnlefltg g{ysglgcrnb@ g}ntgg;l %Hv@lll prl&gs for forming the

ective t axi al lgrovvt t{] g%“ £ reduci
materf 108 Y PRAeE R4 MR EIE b (RS Bty S Dy Ay of redueing
implarp4tio6 @o8essk Foa f@gping shenregions 40§ id |1 9vimchrdeh wrreducy mph:gtapch)enduced damage in

the st:%&t.derﬁdté'lal il&g ’Fo}’\ﬁ%&h Nhd f!?(ﬁ:ns?iénzr@g&n d)85m§pﬁveq;eett f¥6ned prior to the selective
chann

growdix %fd.‘medﬁat%blogn é%frﬁlée ﬁc{e%ge e[h,gyxal rgro i eSfeﬂfF] mzlrpeensa{]FO9 a corrcsp!)ndmgly designed
annealfeedesenay e perforregdgo flifsecthyy ¢°€§1§fcﬁ$’m ﬁgwycosfewbm rrlfﬁ?yabwa into the layer 102
in ord6:Qb dralthd cﬁ& 4R 2h P SRRE i'dglbﬁs man Uk aféruhisgivp E0@ssas, the deep drain and

source re§1ons)i8‘}ngs w%l asrt!he e{c%ns%‘\[? ? f?%%n thts IBQSls of implantation processes, which

on/’carbon ma ormed wit
may byperforaadeafigr th grmayP ele ‘Pﬁﬂtahl:,‘” OhhRm2Y %°ng6*er PHY, to the selective growth
of the inha@¥ig1Y9.pDS thisi cadithkgspidacstrstthre ¢ @iwhayCleer formed with eprireririat @iaensions so as to
act as Q&gfﬁ&&h %L;Man%ngrmn rl;btgpmgﬁéé Rr ADErafidh GEhE 8&Q) AR akdsource regions 107 on
e, In other enbodinents, the nmaterial 109 nay be
p05|t| oned in close proximty to the channel region
103 in order to enhance the stress transfer nechani sm
It should further be appreci ated that prior to, after
or intermttently a respective process sequence may be
performed in other device areas to forma selectively
grown SI I | con/ ger rranl um nmat er| aI [ n or der to enhance

o
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gromh of the material 109. After the selective
epitaxial growh of the material 109, a
waeorraspaendi ngl y desi gned anneal process may bBCT/US2007/007843
performed to diffuse the dopants fromthe
silicon/carbon material 109 into the layer 102 in
order to formthe deep drain and source regions 107.
In other illustrative enbodi nents, the deep drain and
the ba§OdTve8-eEt@lisied SmplléhfatioR &clwijubs. dberkdfer, éxtfgrsr pp@ssi@®f thegyvice 100 may

be cong ’fue];l %§ qgrdinggﬂcet E)%RQ%[&:&I Qﬁcxderrpéxﬁ@ tr@ﬁlé e @&Q‘S@esﬁe 9nd the drain and source

) ormed after t formation. I he
reglonﬁﬁq7én|t%ﬁ ailegf ¢ SRAFFF EtH.lc géccP a raP;gPprtate thrc]u ation technique, during
which $@| spgiopriage gfradr}n ngefal,t soeh aﬁatuekei gilatip@s, coith tol jcgmlgipgionst fhereof, may be
conver%q%gg highl) EénhibtiGe S84 sfidide.be formed with appropriate
di nensions so as to act as an efficient inplantation

mask, for instance for the formation of the deep drain

ar{amgpgqgngg aﬁ@gﬁeoqqglplg@pp of fhe Hevits 18P .ghegrhanpel| regienc k03 mlay expstience a tensile
strain I ﬂﬂtr@inb@ Whick &lan bélorasied TR £aftMbgraghivaorikitition @sulting in a significantly
increag::cli] %%gtﬁozller{l]&fhgy w‘hqe og%ye (T T ;1819 %s?e@tn&:%ltnbn@ééﬁrg sbéés algﬂg the Y-direction

ST uicide regigns In %

may nexigoinE Rl o TN S AP é@i’“&i‘% € gt s forinstance

explaifidd@vithasterencofo Hqh@tiospacer structure 106 according to any
appropriate silicidation technique during whi ch an

pI %ﬁgﬁg{flrf?ﬁeg‘é%‘%{w 31%%%&%:6%%}&%8{ 10§ 1 aCf:cH'e rn%eo\,‘yikh tlur‘ther bllustrative embodiments,
in whiglostaed siticoplagrbongmitirights positionefLieni gese i‘?e‘i‘fa‘iha@iﬁi fé&‘ﬂ’em thereby even more
et’ﬁcxengn &@iﬂr‘d@ rtHn!slBé an@ﬁ:&xﬁ;freshh@ ste@nal ad d:lﬁﬁheDf‘egI)h aozleln the mikdfhcturing stage as

shown in %xiureapfn gle tran torq 06‘\%%?' 'JﬁXpn%é( Q%Eﬂpﬁ)@q%mal fzePcﬁ' 'nls@nc%tc'péblrﬂsed of silicon

rec be "ori ent ed
mtndeC WQ’P as F%’Q?daﬁhio@ QSr‘i‘eeﬂeaf‘i’%‘ﬁ & Kyl Itdprﬁ@vei 1) s&dewalg spacer 113, for instance
comprised) 6f silicouitrldy od eﬁi@bﬁh&S@ﬁmﬁﬁﬁCﬁﬁtOﬁl P bé fotryed ankiidvells efithe gate electrode

104, &ﬁlgt%molfl?ﬁlﬁu%a%dalp Pﬁaté’ P ?lclt Lu%ﬁ asCéJ:mm:E)E §§k1&,eln§t' &S e formed between the

B e R o e e
accordingtb ldéiog; sp@ificirgqufrementsiss bateqesitonphaitnized shliqop/cardngpasggiglpmore closely to
the cﬂa&eE@Ei@B 1164) Por tEisQ:Ufp@sel th@ tz%ﬁshﬁi?ﬂbb G‘zﬁfy |by ekﬂokddstb lad la@omdiately designed
selectléﬁgtglz Ip%%e%% d]drgng w}\I/\lE]h t%c gagapx%glq Cllé\q 1;zl e & 63 r]s % er n%ﬁ:arglgduy l-'FOtCCt the gate
electrgdg 18 gihil¢, @h@bﬁr devige rggqug,@ntag)rt)qﬁréte@méqycrr BYi ttﬁi’? d when a respective
cavityl 4@ RB¥sMBNndTe Qleifell Ii€ iR 8t deyice aad | Mgrebensthé éemd)f anisotropy of the
corres! onrgpn% gé? ﬁ%gesssxge[gﬁuelgele&dtoh%e%mglswgquiufpan&ge\vhe}eﬂx E‘opgmoderately short

rmn e as_shown in It
spsce idfich §YVP VECRRERE) SEBTIIFIISE S M SH A Ay 1955, pigpial anisowopi
charadtaristicarftie eGb pprdss edy f selsétid ig ordertp pydidhmduegtghemags if e nipigity of the gate
insulaféh hfeP 163 1 Qﬁle gﬁls@atreé SRdoaREs Jpgé'r to Mérsﬁ&ﬁ%' stchdpréved AMddxkension regions

108 !TB? E%Vﬁyee&t ngrf,ed gn herﬂ)gstlsao Cg a%{ﬁ%%t'els edgsx ned %Jel %)ch ngxaI Ji]b\gr% or even on the
basis s thespadel 130fNeKn stk cBlisia FGHES PLEFASS LhBR P perpmed in orde to grow the
materfaf GIOD Idreind As PRPICAYY ieddlfindd] KRl mdterial 109 Sag begrovided with a high dopant
conceg’r]ratlon gr gy gé(hggld!ad gLea[ sub%xaﬁfrntx%ﬂ%ﬁw%%@ [ﬂiatehﬁ g’aﬂeedeep drain and

electro acer . Awidth of the
“”m%ﬁ&@@@“TTSFdPﬁ@FEﬁP@&“& “T&%vaﬁﬁv be sel ect ed
according to device-specific requirenents so as to

poﬁlg&ré 4 thQrﬁaﬁ;lfyaﬂll&%gtesSihle UQ\Q(Q/ 108 PSR AL &f & Alrth&Md@inced manufacturing
stage,:iilhgr tc*) ﬁ-ﬁ Sﬁegat o?em ch Q)rllrecle n%xeo S ? g'so\gel& aE%e exlpensxo %1&%31%F and the sidewall

posSed ppropriate
spacerjgmirgrd@.cet Bopddy é’h‘é‘tlt‘,»h“ p‘iecfe@s@mﬂd l§i“’i"ﬁ‘g “’Wﬁ‘F@ ryip @nd Sotire regions 107
may He 8§Hhdgly diffyseh ot 1h2 basitbfta Mezh SIp@EBtonckldhtinbin thahdt@ial 109, thereby avoiding or
at leaR ggk‘?‘éémﬁv I;]e%uch?gt ﬁnp@inﬁﬁ&r{ 19&1%64:1’]'@&421%%' Lll@matéxlﬂal Q&d'] eltllmqu)él' GEspective metal
an appropriate capping |ayer be provi ded,
mhen a respective cavity etch process nay not be
desired in these device areas. Mreover, the degree of
ani sotropy of the corresponding etch process may be
sel ected on the basis of device requirenents, wherein,
for a noderately short spacer width 113Win the range
of approxrnately 5 nm or even srgnificantly Iess a

1 a4 a4 = - . - o a1 _L_l
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material 109, wherein, as previously explained, the
material 109 may be provided with a high dopant
wW@omcasie@t i on or may be provi ded as a subst aneCEIUE2007/007843

intrinsic silicon/carbon material, if the deep drain

and source regions are fornmed on the basis of

i npl antation processes. Figure Id schematically

illustrates the device 100 of Figure Ic in a further

sxhcxd@da‘giaﬁbCﬁd R b F@mbdlinl tRgmB4rAD 809 dnd thatpae Ricttivde dedeqn tle basis of the spacers

106. Q@a co§ gﬂe%geg 89 Qﬁcomzmonarﬁat%l Imd§:§te¢§ Qﬁo%tﬁd}sde Q(Q:ated in close proximity

regi on e sid aceg: structur %
o the PR FEIRAGH BIF2Y PO - BRDGUT HEHE CE RO HAoGRigh Vo th exenson
regionClio8 has teadfosmrdiptier o digi selpgivd Epitarisl\erdyeh proraye bl4pgnd the deep drain and source

reglongi '1(;7]‘1{“1133'I HaVk akh fohﬁed%%‘le%as@; of alfrﬂlkxgzh ﬂ@Qﬁh&EﬁEl HoR136 SOUA By Keprovided with a

signifi gz}ngh reg}lcgg ﬂet{a? rzi,t élﬁreb% mal.g{al%rt.)r% QI c&l:ﬁre? ﬁtgtﬁ%sg%l Str. ématﬁerem Thus, any strain
relaxatidnethateag rbie pused) By thn/tsrre@bvbwde feee’pfebleulvea et BIPRTGE gect on the overal
stress-[rﬂ@du%ﬁﬁeci&&nﬁab(s Deonfqtidht] ttienrahdi@ormad ey shatvn H0Bg@e Old, tchmdprises a highly

efﬁcxegt s am 1nd§§&%89:%mﬂ's%4 wﬂg}exé l{la% c] ?a%%l ¥ Qtil dfnl}:gons P@Cﬁé §-dgrgzﬁon %y be oriented

strai ne I con/ carbon pateria
along . IPERE B SHEIBORR PR PRI 0 BREel oY p the region 103.
In thetembbdi@er RBWIE khe 28 @i tion188/, bet drignted ylopy thy i<dQrgdigetipn.giherein for a (100)

surfac§ tor‘n%?asxoxtx RS 1ader 1BE hﬁéth:}ﬁmgl Wﬂe stﬁgo: OM@H] atoh@ a <100> direction, thereby
as ee

provxdg:@lt gl\)/eefgzécbeg\f 18% ljé'tiy méxfeeés Vagﬁneﬁ aéllérél S?% e]s&-g)gé with dref) ﬁzncego E%uanon 2.
drain and source regions 107 may have been forned on
t hﬁg\b@ﬁé ﬁhe@xﬁau@gll& RSt4293 thel @i 101160 b@brdp@htd fueher 11QSAtiIN@Ymbodiments, in

ovi ded w t h [ a o applied. In this
which ahleéer process strate%yafcé f(gﬁlr:é;ﬁ:e Q.ttalnéde rs@?olll&grgslfj ﬁxfétgxggtl rlgjﬁ?]se pplied. In thi
embodifentha rensHersl00 By CoePr s

qeél]’ %ﬁ‘ala?%sﬁ“’[cﬁﬁg’ow7 Bxg extension regions 108,
while, A biG@Embydithdits, Niedeadgicmsiingy gl hawgd ba®ridionhigdags df@ppyopriate implantation

technifieQ %Pe%%‘ SfhealusRvd Qﬁ)OQx’Yrﬁﬁtah\'e dé\tn{eeﬁ)ﬁ 'nﬁa@d)'a'@ diferienced an appropriate
mechani sm  As @pﬁ onseqguence,
r

anneals prgeess: i) thef gﬁ g FioBs, gotg anﬁl 1r8?1m8| 2’1? been %{fgsed to their intended
positigts méthin therlgwc 03gn adehiafifonthe RNgwretions Héhacfha AR mprqpeﬁgwhﬁle Similarly,

transxsddrreﬁﬁl'éﬁtp v other @ewcetrgg@ong( ~sGHhl 8 @tohﬂﬁel 1FEBYIstdI€ arfdl theSliKe £6} any other transistors,

may bﬁ({)‘%ﬂn aa (\:rrr% al l rliujr% S ge OI‘ I enlt)leago CE T(’g{i O\r/z{ngﬁ ?%shMJng{kure le. In this

ron ere
stage, 30 gppraprite Preceémwmém msshlzﬂmrfmfrﬁé imQr gy Pé’a@fpeﬁ‘er?é’g?ma%degm of carbon
concefFdi6m infd tha | dpdag) akdh@urcd Oépionsl 10 B b liroplantasher dn nnef dlpst@tive embodiment, the

proce& :LQ qgnc? nyr%‘f{%o&}glJis@ Q& Q’ltxdrﬁl%a@(tn anﬁntllt%%r 111&2%06 (trhﬁe basis of silicon, in order

| so orient 1e1 0 herein a desired offset
to Pf°didi’ B bpiaially 4pparRliged BYTHRA iRy ﬂfé‘"r?f"g?ﬂugfe é‘?gf"i“sc} dpyheren a
of the meictivetaynoiphizedyzostionyvitresbrarte shngats eldardy |44ty f ¢stpblished on the basis of an

approﬁr@aﬁe%r &Bgﬁd Gifer Eﬂ\kbﬁﬁﬂ 191), £&r-inskan€ bofpise€ oSlteN&Ebtidedt IFoyexample, the liner 117
may haYEi ue:r{fgp §n com% natE anstl.htgrtx approlj]me\lcl%ﬁeq? %%39 gtgxatpug: g:ugh Js LI;‘l(e S Ers 106, on the basis

rve e ferent process
of whigh tlset degy drpigrang ererse g &0 Tsmsahae Hocsfped By iogrippiantation. Thereafier, the
corresPBidak sgtkcerd A8y liaSe Beaplen@ekd, foninktitics oot bedis Elighly felvetive wet or dry chemical
etch Sch%&?:'é §r¥do%¢7 %Qrpeég%).{mg gmxrphézﬁxoﬂ %plgxﬁﬁigxé qﬁa@' lﬂ ;ﬁ:ﬁgrré@ u rI@ @ corresponding

ext ensi on regi.ons EE

amorR il o BTV 6 PRCHASIFHE %f‘?’f"’Fp"ﬂ%t%"‘lpg"‘“BE”r Bitetjeh as a resist
mask,@uny bhi@adilySorsied on thpsio pf wedltestablispdasrhigieon t echni ques.

Nbreover in one illustrative embodi nent, the devi ce

T
conccm@aﬁomfycatbaw atoppeintp Mvweabt aporhird P?’i*ﬂ“e‘ﬂti@ﬂ‘ f%gmavcsnel implantation
dose V¥ atpﬁbﬂmﬁtgﬁ 3 ayef — 50210 NicAY@E rmdy ®e ApfrbgiRtet fh€inddporating a concentration of
1.54 gu(mtié oer}c?entl 1:}9?%2‘?’%?‘39 thae g%g%?%r :tl%tsglt)sﬁgngllfaea\%ogzpmzed portion including the

regi ons, such as P-channel transi stors and the |ike,

or any other transistors, may be in a very advanced

manuf acturi ng stage conparable to the configuration as

shown in Figure le. In this stage, an appropriate

process sequence 116 may be performed in order to

|ncorporate a deS|red degree of carbon concentratlon

o o s A N~ 1 .
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may have been formed in conbination with an
appropri ate spacer structure, such as the spacers 106,
woeeorhazibasi s of which the deep drain and sourP€I/US2007/007843

regi ons 107 may have been formed by ion inplantation.

Thereafter, the correspondi ng spacers may have been

renmoved, for instance on the basis of highly selective

wet or dry chem cal etch processes and the
moder&tely n@a R&BEh ddfeMPAIbIDRAYZIR: ri-Orystalliget am tha basirof advgindedanneal techniques, which
may c%g%nsg {ag‘; gasecl Iwr féshcl%gerd%g&glgmt&gs 5!5(9&9 mem@hhﬂﬂzd gt' 1af¥k- bﬁéd anneal process,

I ce areas corr.espondi q
a pulsgqﬁfixatfﬂxayeap'&ﬁ dj ongadbqjdeag:e éoq, glgfegjf deﬁ)ﬁgtkng shﬁvenbt & nergy for initiating the
re-cryst@iiidnyanfl effersiok mnvanhe obths bxbapfatos] Whilesubstghiially @gppressing or avoiding the

out—dx%f@s%'yf diHaR - spddRX bf th&EkiéhBiBR %@fohﬁtO@'aMd &eakd @l:hﬁrﬁ‘ﬂxd source regions 107 and of
ILOCESS

sovty bR bt RSB RY B 8 e p P A8 . rurermor,
the additiprst @ontal prb¢eys %W%Fez'é@a%mw? b/ doppnis ip thefdgyin and source regions 107 and
the exieﬁﬁ&rﬁﬁ@iﬁ‘m tﬁmtralnﬂﬁbralmb ahd A% ideser tfhﬁxsnﬂqﬂ'mmhtﬁ‘aioeildgd ip odhed dbvice regions,
co Ry, pe appropriate for
which; magg?vﬁg?tar clelr‘{ad tgg%ggﬁ)cgﬁg r atlloon of 1.5-4.0 atom c
percent carbon. After the inplantation, the
suligiramt icadrhayicalyGiyshitasetle parsisioom0d incd fadthargdvanced manufacturing stage, in

whichld&AR4 %ﬁ;@:ﬁ@k&mh‘é A5 2R35RRE WaRN GRIELAL 16920d R AR electrode 104 on the basis

P S i T e
basis ¢flanséppivatacmateriab afor nstekrodhe spmgr 118 gray ke fopmeddipnypmaeriabpaving a reduced
dmleclrﬁ%@rfsm@tafﬁﬁ‘ﬁb)&%eiﬁé pAdsQie @pacitadceR) Lﬂlc&%ué’nﬂﬁlltl&tdeﬂﬁb 108 Ys b6wn in Figure 1f

ed..ont &1 b | on wherein, as
may cgra?rfl I E:hl e n trained snhcogn%a.r?:on mgtgna} P(Q m E:lo E&me@ecﬁ’ = cﬂéngeg region 103, wh

I ni
previqugly explainca|thy st IS GSEIOR 1S CEY Y VS Pt Ghin g i the mateial 109
Moredad, B@Mfomiatid¥Bof thé)inhieria UDS barteitasid yf ion Pppl@ssipm gutter than selective epitaxial
growtﬁ\fr%lcgg gxgmkge ﬁﬁ“ aé&efe olfl%'wgﬁh fan&1 QWLbdi@%ﬁhﬁc%n&Bn&hQ:MOS technxques,

tension_regi ons

s B e 101 O o IR S e B v B i t i o
differew psinta mithia |theyentigi procass rspqugnoe h Eopingfrice, ghegfroqefrel lﬁmrowdes a high degree of

ﬂexxbih'ewm bdMbSnatdD with Yket foehdtioh &f Pdhgnn8deidsisoRadn ®BNASASL of epitaxially grown
sxlxcor?%e%%%?u} En% ae_:ﬂ%ln g%ﬁeﬁ@gtpgcgceggkgvx?}%’;ge grfoq&lnhcp éﬁ?g‘%g]? §taée of the transistor
manh QR anseatre-< FERST SEGHOLOD BHETEPEOOT e GTHERR N7 pfthe P-channcl
transi€@br& MERGSy, [by Oprbvieisk b addifi@s] el pecese giitnsducwhidiffisiomynd by providing
respeégig?\: %pa@gg ﬂzf‘ﬁ?\h&gl ? rédngedcx@ﬁmnpénﬂﬁlvﬁptﬁt é\@ﬁ‘ fur&iexg Uxﬁﬁnc%mgnt of transistor

. mat | ca ﬁ ustrates‘ﬁhetran i stor e strained
perfompien ey SavEREEd HaRtraet uteiE St S8€ “PHPRT R Rgeiving the oo
silicomfeittah naisidi MGthregecotegheleldstrer motilgy enbdnogingriy inythg ¢hannel region 103, the same
criterih §HIPRPret B 1PRPalnbte gate el ectrode 104 on the basis of

a further spacer elenent 118, which may be forned on

the liner 117 or after renoval of the liner 117 on th

baBigwe &¢ serpatiapiyrshpyysi ty wnpietpel 0 gpoordmgy o ety gmbodiments. In
these SfB&IRfents 1 Be Frasistde 1600mhayed nhdyoidt conpeitecthe sthainkd viligvg/carbon material 109 and
may, 50%%95?}‘} o(;j 'al%.l,n?a?ltrerl %a&e%&eﬁ%moh Q%[r@sg*)ﬂ Jv@r%&" 19, such as a contact etch stop

e R B L A B o S 09 e coaimen
showrs in| Higuon 1 ghelbonsinat169 may ndt@@ve forneld dheeeim the siatefiglyl 09.gvheteia the layer 119,
possﬂﬁ}1 ANRRbindtRY} 'v@tﬂ t}{Lancerﬂ\h@‘f &la act aSa eQVebRuSiMilL b thi Befhed material 109.
For capple B a1 Saet B [ PR ol 8ty B fgons 15 ma s
into (o it ouste ek éflﬁi aay fbg 6hrvit FiE BReR ol 0p rip ghe channel region 103.
Consdqﬂﬁltlﬁ,%&bbrﬁﬁpdn&ih@ @tiest Ay 56| eetideve subptadtially &insifjr @wipbpent in the length
dlrectﬁ)cx%(l; @l‘fh elp Feg}é'n q@? v@nlg E&E‘m&'@g& ogﬁin Lcﬁﬁﬂr@éxl&l Jo%p@a{égt in the channel width
ty wth conventiona techni ques, since

the fornatlon of the material 109 may be performed in

a highly spatially selective manner at a plurality of

different points within tha2zentire process sequence.

For instance, the process 116 provides a high degree

of flexibility in conmbination with the formati on of

P-channgl tran3|stors on t he baS|s of epltaX|aIIy

. oy
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silicon/carbon material. Wth respect to the electron
nmobi lity enhancenent in the channel region 103, the
W@ 2002/132id eri a apply as previously expl ai ned. FCTUS®01/0P7843
schematically shows the transistor 100 according to
yet other illustrative enbodi nents. In these
enbodi nents, the transistor 100 may or may not
conprise the strained silicon/carbon material 109 and
directibBY.¢., thel i dire@nal Ayhoogh b toaespabdingsbmponasty mayf igrlps dompared to a more direct

actlontop@lg §ifAihe& m§!e1[1ﬁ §§Sﬁ %%‘ﬁ%hﬁéﬁ? Eeleﬂ]:t]-x% ﬂxes&Q&atﬁﬁ ofithE leh@e‘i; Iength direction, for

etch sto C
tnstanggy if fherd® aw%aogaamicg’ﬁe?‘ﬁw re e Ry Bk ey emmancemen
may be ptidedremipasth @mnyqnnﬁagqpp@aqhgs, witthstressedoerlssersr Thap a ﬁgylf' icant electron
mobllﬁyotncr@ééemgyo bEBGalnbie R»@th&lt tr&ﬁurﬁ@t 8¢ ifeHnatdddof WRABEE slicéd@rbon material.

Moreorﬁré n ¢ ll'mbtbo? w:&xltg)l Q(rf'njngd r%z(a)tenall %t lhg gtre\:@fetdn)vérﬂ?ersl}?ﬁ gx%(nﬁes an even further

ress source
emwﬂ@#mﬁﬂneﬂmnaterlal 109. For exanple, the blaX|aI stress
in the layer 119 may transfer a correspondi ng stress

i n}\ rtf:t'1 Susl e&ﬁ%&%{bw cﬁa%l tlgxgﬁl (hﬁ:&tgmt 111:}8 gJ Qellégteaqg accordance with two-

Ee're so, act vi‘a the spacers
dimenieyg gHHinEHBIEh AFTER “P"é‘@l’%ﬁ‘P‘ﬁO‘? SO AYERY Eﬂﬂsfs?fs 2§ channel transistors,
may ti20be eS@eindisngs ®tobeighdwdryired leBeropmmbiliieinahesitbisaeh trargistoys, as previously

descnfae%nﬁh loﬁzexcamgiﬂﬁm onfy J H&hémemtx@nmﬂelegﬁ ﬂe&%@ct@é I\ﬁtl'ﬂxaxﬂl@le&ansxstors may be

orien D RERP" 1 R AR CRRB AT ERDT OHL I G Uiments may be
positioped] differsntyoin, ordir tcheri glenifipratly drar@spTRYFh g“hé‘éfﬂfdﬁ’ﬁ@}‘ﬁ desyrpgpnounced, the
perforR@nck @8 %o qu@@ﬂﬁ aestgﬂ oRthBBiFcRit thlydr 2 GlideBdhdi@atioh mhy I appropriately adapted to

take 1rﬁct> go?i'm? eqlorqﬁxt @h-x ohal SQQ{T ghgggtgxps 1!:5 tf?e!syect?\gls&%% Lom.g:est u/ﬁlch may induce

tion o anne I rection
tnsilg Sy alopRF WWHG%WCW%‘% %ZF‘P’E?Effvﬁ Siialong GBI gipection.
a surface orientation of (100), a significant

enll:l 9§ﬁ&ﬂ£m£€éﬁyhﬁxs%&' aeéﬁﬁgraﬁ%p ﬁgﬁ& fanegQﬁEY&th r@s@@éuve silicon-based

L R RUICIE L e —
may befptehayer surtet)efi arqong;ptprﬁglgfngtplnﬁh 1(xphca€¢§ a < Q0zi cn;@@llographxc direction instead of a

<1105 jill'eicmn ‘h@l%ﬁ)b %blﬁ@ttﬁg iicﬁbtatloquf REMRhitiondl ItirGdkiBR! 4nQ1probksk Rechniques, in

which tpe corr on(;] n channeF e 10 4:3110 transi toree:leS ! Il'lgs g.\to%lva?ca l%gente% a?ong the <100>
aas At even far ?%er en ad e

dnrecupv e\ﬂOG‘iﬂ‘S‘Peyﬂbe)E‘?ﬂ e wcrﬁesec?faq!ﬁmn F@‘Hb‘t‘/ﬂn dlrer RehanaH yeagpstors may be

obtainB@subQiriaNyewlitHot MQITREKDAIYE én sMistihy ¢ittoit iapain Sﬂd)ﬂﬂhfasﬁlxﬁr@l sequence. In other

lllustrégla grm)o%gne gsﬁmtwllgérQlemSS E(Foa@/ﬁ#cﬁ RQ,F ﬁave %l(’: Qéuon similar as is described

channel "ttansistors and hannel é‘ansn S Y
with riHEH < BIFCHU AP0 6 BoH4e B PHTTPp Y STty hammel length dietions

as indghted tnr FognraRrh iwhile gther tragsiyrsN38 Haninetince Pahbmind trapsistoramay be oriented with
their ﬁgp%é/dvg U:ﬁaln)(eld@x%@xr th:@ldms Inﬂa Qithent &?Mﬂgrﬂﬁiﬁ Srienﬁm)xﬁ/ fét instance along the

act I nber.. of .res p ? ? 6 h
<1 10> ﬁtxscmspotglg case a c:Brres%omchng1 fed%fl%mo ﬁ)e Flé%nt ea uq andn stpﬁm ic processes may have to

be pe@cp@eq i elu»u@ra}setbapmpwras?s [that the rqsreqﬁt“@tqnsﬁan%?ﬂ e Byl second transistors
200 akd’ ZB0OSkeSMANus@AtREBIES oRfYanb @thpOsipkitivn etenthitibis@if @etdhynnélNength directions,
provi r(gd %cregsg né:féctr&{ Qﬂﬂbﬁﬂtf arQL)J Xe ds%fé&&ﬁ%ﬁ B Y€ br eﬁgatwaglmensmnal strain

owever ess pronouriced,” the perfornance thereof
considpgatiens, alsﬁ’@V‘G\éséX"@‘ﬁla‘BT the circuit | ayout under
consi deration may be appropriately adapted to take

' nltléhr@ Mshdekahi, @lﬂmt‘*ﬁe@. the\WRbsHHhiBBASd O dhg Blal akHRr lllustratlve embodiment, in
whlch u.%%% Ergtl:n%tllg% %I(FIO) SS(} t?ng I%Fﬁtclgﬁr/eesﬁc%td%g %rsyst%%ﬁraé}rl :i)nen {%ns <110> and <100>
have agj angadarioffpet ahdP deetipsr Epgicquentdy rhalﬁﬂst arcoepnd HansistoE\@) 230 may be oriented
with awlasular 6ffeedToD Qepreet; inGith @rax allcwChaéra bificiaht lcifcuiit 1 dydaitchpa@sl 1@ other angular
ot’fsetsS lé Q%t Js%ede % a\ﬁlxenﬁcef ofog%garrlplﬂte LA nE &k %Qx%fstojry $00 represent N-channel

I con- base ayer 202, which nay have a surface

orlentatlon (100). Contrary to conventiona

techni ques, the substrate 250 nmay be prepared such

that a correspondi ng notchi1251 indicates a <l OO>

crystal |l ographic direction instead of a <110>

di rection, thereby enabling the adaptation of

conventional circuit designs and process techniques,
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with reference to Figures la-1g nmay be provided with
an orientation of the respective channel |ength
waleeogasizeans as i ndicated in Figure 2a, while oP¢EUS2007/007843

transi stors 230, for instance P-channel transistors,
may be oriented with their respective channel |ength
directions in a different crystall ographic
orientation, for instance along the < 110> direction.

transidtéts inbludinCa8@ss-iRdu€iog mechpiisudasrigior mstesk descrifed itk reférgnceliotFigures la-1g, a

tensnlé @t}{egé’“i:ozﬁﬁ)qelﬁ $15 C.shlfs{aﬁnagg' %@rﬁ&?ﬁo@ﬁw%‘i& tc%rstaﬁographlc direction, while the
perfornmed. It shoul so, be a&F §¢ at.ed .t ha

et GBI SFPEAPHLY HE SR Aot AT g e o @ e ffiient
enhantanentsif dteelestrod OB bEINUMHN I achiegedspr the beasﬂtloéa ngre effigiepfroiscuit layout, wherein,

howe\Q:pltNe oRAfl eAlaNGmehteTRRCkdnRobARY BMHiRlsigRifiSanOY high® ceRMpdMEab conventional
appro?ﬁ)%sl | E;(m Iarrl)fe,r;vt/hleg di tr; nswiiorsgigagml nc{)%sgegnte D Ol eclh{ranmstors, the corresponding
cesultp OB B ogE i 7 180 AR TllomeY pesntagen Fg FfsiFaYly contribute to an
overal ¥jabifliyNiadleasd; lag i for BRarse psmted G Ehyatibd 2.USHilisaduestlyl fidng the substrate 250
havmg l%bg%{a;aet gnc%égo @lqef E}o gest ﬂg@ ﬂﬁ:;HBM}eﬁl éekelstlﬂ'%t gnagﬁp\‘ :TT?) crystallographic

e surface orientation is

orengin A1t PHELGEP UG- AEE B S ED Ao be somormaely orcned n
the sapicidgertiat boinSinctliel @ireciipnd whr®@ >thevangdaranifset rod ticalireqiph sel0>@hd <100> may

provn&Q'esg&gbggx%mt Q?cﬂn&%q WMk ¥ompi&gy.f Mﬁfebvearixqm%%@s@ﬁ a high degree of flexibility

may bgfa%%veg tgzgewecdfgc agg%or% be or roevﬂ{ ? w1t¥1V| strameg 51119 lélmaaguuin material, for

instangg inopg of theywot 20@0%9 aﬂéamtséa%‘r I*fewméﬁ’g‘aﬂna’flﬂiéﬁ’%cé’(esl“- Rgpypeh transistors, as
previctSly 4&cﬁiﬁﬂ,rsﬁﬁ$a alAlifyRe diffeléM. oribriddtior )&(ﬂﬁlﬁxbﬁonsmaﬁahe without undue design
st transistors 200 represent N-channeltransistors

nel udi ng a stress-inducing nechanismas is for

i nstance described with reference to Figures la-lIg, a

t ensh Iresuls tthe psegoimparien provides sw bmpavddi tadhhigue for ¢t fednation of N-channel

transxﬁtl)rg 319 oxtdgreto%Ee g{eyé&%ll RE5iRY mi&eud by %ﬁﬁrh@ﬂtelﬂ‘&lekﬁ gtthﬁ channel length

dlrecttoHZ»Btg%%%é:? Ctgggx?'ft%ﬁgra? Stl{'ﬁagte%ségsy oktilé slllécgn-llq)aslgéj seér}l%)ﬁ ctor material. By
considerihg A ctenwlfmengipnat lygaie |belavion ﬁhmpqctlteyplﬁ@ylemc sedfficiepsgmay be used in
deterrfuﬂi'hg tahaephepiefel dricahtich BPHR 1@thahkdl @ahsistdrd Baskd oh @ayrespbctive strain-inducing

source. gl‘ %u%}.i‘atlpeog}gb\égrnfemts h& Fi‘r{ ﬁhicr:&nﬁ ‘RHFIBE osftraﬁ%f %ﬂic{o%arbon material,

I cant er CO 0]
formed dwveé)ﬁﬁl% rgé_crwtl%l ﬁf%‘éﬂ?ﬁ etglplagiatmn' t uesm et , wherein the channel length
directoh aneriested Fom@3 Cffivkytly @ eas tha torhbigddafiine |of tensilesind t@rpsessive strain in the

channt:lh'g GO Fras Qgﬁlq}yrlg cdnSiblal REnERENE GARh Vel & §15ty19e| tﬁlﬂgstors are oriented

sors e B e OB §SBREP Sep B e pL e e <100
orientptipgtvetridhempyt dogemt firad deqtr@gmetiljty ﬁnlznceesﬁsqé quisier ¢f, approxmately four or
greatdd Sdnip@ridd 6 thS YRS Edth e cdBigurhtami Ng a surface orientation (

110) provides high flexibility in selecting an

appropriate stal |l ographic orientation for the

o BTN PP FAEIOEH SORYR B R R £ 5y iy mey be modited and
practitedpie Sliffepeyit altwunbaenappnmr dppdrelt yo dpseeskilied in thetaktchagiagnthe benefit of the

teachﬂ% rl%?ét'ull oﬂopéxalngle al!ﬂgtpnﬁgss dieﬁse§¥ e abmeﬁl@ Pe B%rxﬂé&%laa&fferent order.
fse he lrec

Furthe'r,rgngrﬁ,eré% li]r{}léatlgx?s aétiﬂn{en%eg );% lt,I}te deta S ofa 81&5(%%10n oFrp ga }égl( Q‘A%rem sgown, other than as
descrifgst ip theestaims helovh db s thezpfes ew‘#mﬁh@} Khechagicwer %‘fbothnee& ¢jpcfgsgdyabove may be
altereBY nbﬂlfﬁ@ hh&ﬁﬂ? GuothRiasde Giel ¢onsildr@nitlsh Qe SbEITRI $irAroF the invention.
vided with_ s LJ. | : i material, for

ccololy B ool B BER Sl R P RIBE R TE S o

2a 2b, in conbination with respective N channe

transi stors, as previously described, since a

plurality of different orientation conbinations are

avai | abl e wi thout undue design conplexity. As a

result, the present invention provides an inproved

technique for the formati on of N-channel transistors

in order to enhance the elagtron nobility therein by

appropriately selecting the channel |ength direction

with respect to the crystall ographic characteristics

of the S|I|con based sen1conductor naterlal By

Y o o I 1 R - T o "

comp{ejc
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direction is oriented to nore efficiently increase the
conbi ned effect of tensile and conpressive strain in
wao b@7asiesnel regi on. Thus, contrary to conventPONEE2007/007843
techni ques in which channels of N-type transistors are
oriented along the < 110> crystall ographic
orientation, a significant increase may be achi eved by
usi ng the <100> orientation which may account for an
el ectron nobility enhancengiAImiS a factor of
wWHARIR' X mW&pe! ¥ four or greater conparing to the
conventional configuration. The particul ar enbodi nents
di scl osed above are illustrative only, as the
i nkent i dremipgndixeorgterdéef ¢omgirisivesl practiced in different
bug ﬁx@%ﬁé@ér?fﬁo fﬁﬂpﬁh@fn§ a &&pa{aﬁﬁt refibn {1 b:{)&l@ﬁrﬁxkg d fir@@hdnRel length direction,
}:Ere Zi(‘ianp %“ nthnﬁnnelere%l § tCtO%anSlI?EE} t e%ﬁ?ﬂ:%r; OIl I‘ggt?%'laag Wgh a tensile strain
per f or n‘édﬂHOPFna Od?‘ﬁqde?'@lﬁ sagfk fet Chalnm*tlmﬂhé\f@‘mh gaid"first channel length
i mtat tieRGontehg bikned deatakitilly Ahgdeh@illagraphic <100> direction.
construction or design herein shomn ot her than as
described in_the clains bel ow is therefore evid
that t h@h%*ﬁ?‘tcP’&‘HF'&rrdeé‘ﬁ%%‘?)r?éﬂf‘g‘ b E?fflagaéﬁsﬂé%%teﬂﬂyﬂ 8 fistchansel
regiore(]1 0 figdier@rhibitschi chinprelssiavm elradnl detirgatoing w firsi changheidth digection.
consi dered w thin the scope and spirit of the
Yoo o2 waFeRhAR S ol BmE SRS bonRRaP e S faions 107, 100
formeé:LAnam[xo spid f;xsts@mne'oﬁaleu@ﬁ), geididedn andoiepyies &siegs (188, 108) comprising a
straindd seicoddbadtShasdriar (1€e3.00, 200) having a first channel
region (103) defining a first channel |ength
direction, said first_channel region (103) conpri si ng X
a &ryst APY PRECRPFPLATCHAT drmdy SReFoRPTEe Yeend frpigisier (230) having 2
secon@ clippodh egion d¢findigtacsecoad ciagnes Bhglh flirectdn loviagm diffedemtrpgitation relative to said
first cflinb8 Gk R rchrec%@rl Qnbekih $did CRGHAREInd1 G Iaoxﬂ’ﬁrrsgs(%tsErQHedQﬁichgmatenal having a

oriiented substantia a .crystall ographic <100>
°°mpﬁﬁ?@8YT%ﬂmmfm fHerds gﬂ%@%ﬁﬁ%%?%?wﬁeV|ce (100) of claim

1, wherein said silicon material in said first channe
r egi on (i michatiutibedeviex b cbaiilﬁ $, fartePEaMpHSIAE ¥ BrsiSéreRédielectric layer (119)
ong a.first n e 4 9 De it
formeg é rﬁvg %n brgttu%?swéoe \9{0@ ezog);‘é%c t str fgeﬁpxegl:nheirib égﬂ )rtli)égmg nsile stress.
drai n and source regions (107 108) forned adjacent to
saé.d fi mbd sesiivaiduetor deeige Oflcl(nﬁ103)’qrtha'6dodplﬁhh&i aseand ugBisror €230) having a

seconfl %ﬁgﬂngé’] ‘?‘ei'g(olloﬁ lenétg %} sa@!gpcrnh %hzﬁgel Qeg%{nrtﬁing %dienct&irgl&@ r}.giﬂ Q'ﬁ'& khannel length
erla uct or

he

diretgn, e CIEB’?% FBi R BB SR T8 PO Bl Er20 YT fons s
channgl lggthclirdctiol tatrviffery feqi e <HEF dmichep- a second channel

l ength direction having a different orientation

relative tﬂlﬁqmglééﬁﬁt channel | engt h direction

wher ei n“sai 0 secbnd -channel I on conprises

st feleeinec | origrptionat & Fhagnel I‘Fﬁ%)'i‘ ﬁ'gecamc% AP Eee f?ﬁém’s‘tl PAivith tensile strain

al ong s&irdn dedond! cdnsisme(100, 20Q)tth belfareet inGnsilicbn-bakkbsemiconductor layer

sem con @llléﬁ)t IQ(/mQ Q‘éﬁe@ﬁia@ gurﬁ!:eadrmt;non ot e hﬁgxs mét Ncnfihearly independent
first stressed diel ectr? %% 19) fornmed above

sai d fi P& PPENEME RSP E Sald first stressed

di ®lreisg diain ahd yevrce (ragl@ ( Wa,vioﬁgofeﬁa'ti dims$ irpgsistor (198,5200)6t0 dffie said channel
sem congldch @ro3sieMa eiRnsd 184 iiRclion fublstdnhily RIS A16dgid First orientation;
second transistor (230) having a second channe

region, a |length of said second channel region being

or ngieing @ teapilsiFiain ifi seid Fhanaq! regiqn H193) 2lang pryd ﬁrsm%?r@eltl?néﬁ direction.

sai d second channel region conprising silicon having a
crystall ographic orientation along said first channe

l ength direction that differs fromthe <100>

direction. 7. A nethod, conprising: selecting a first
orientation of a channel |ength direction of a channe

region (103) with tensile gsrain
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for an N-channel transistor (100, 200) to be fornmed in
a silicon-based sem conductor |ayer (102) having a
w@p@citsizedl surface orientation on the basis of PET/UB®aT007843

two linearly independent strain conmponents in said

channel region (103); form ng drain and source regions

(107, 108) of said first transistor (100, 200) to

define said channel region (103), said channel |ength

dig.ect i O saehst ehdliial 1, wiereinesteatthg adaidn@ystsa@iedtatfanr @nprises determining a

crystaﬁ)cf]glra%ﬂlt: %Lérﬁmmn del smu&ldwor%ygxe@& lt}%t §:t){'1aésr1he| ﬂax%@ﬂndelectron mobility in
nne ion

e e B SRon PSSR 1 SRRy oeaple BTole BT gt orenaton
said first orientation conprises determning a
CFQ/St al TRO%haRl & Rl e,_n&'ﬂ;reiixpEhid:)ﬁrstsc_ﬁ'ieﬁiatﬁoﬁrﬁxlﬁ‘s&ﬂtﬁhlﬂﬁjtc&ﬁ'esponds to a <100>
Onemauo ; 1§1]s'0n%lo t hcorl [ Ovi des the maxi num el ectron .
r1 nfiﬁe channel length direction and sel ecting
sal d det erm ned crystall ographic orientation as said
firost OTheciéthdd &Frelai® 7, TlRerreBinpristhgdhducingia torfpresstve s@dim along a channel
Mdthg%g first orientation substantially corresponds to a
00> orientation in said sem conductor |ayer. 10. The
met hod of claim7, further conprising inducing a
conpr esThey aehdd af olaizd dngvhereig haidnehsilwi satih igliigdaesd| pn forming a strained
sxlxcorJéLrboI DGR (100fht Rbst & oMok of s\ﬁ‘aﬁfaﬁi dad Scﬂall*dé rde@RS(1he 169 ai n
is induced by formng a strained silicon/carbon
material (109) at least in a portion of said drain and
sol¥ ce Tegnebast of sim 1 hodipreingformingrige pesinkd oftiesm/cebert mtafa?l (109) further
compi€rein formng the st ral ned silicon/carbon materi al

(%Qﬁémntlagtansémg%gwrﬁ saﬁmﬁ,ﬁc@muu@i %,xﬁ %@,rml zing a

uct or
n‘fﬂpﬁﬁtﬂgﬁﬂd AR "(‘f%lf‘aﬁbsﬂbﬁ“\’?f‘ﬂly§QP‘aX’§Tfﬂ’§f"§ﬁt ially

anor phi zed portion. 13. A method, conprising: formng
a @t rai ﬁ%t}ﬁ,mcbﬁ&%{r@ar bon materi al (109) near a
el

chtgﬂﬁ%q ?tré'xgn cgﬂllc%i}ézg;on dréa*te%ﬁlt (rl )Slal“? tegcaﬂil Oelgion @[%9 of asfransmtor (100, 200),

subst ansaid|chapng]| rsaign a(lQ@oeﬁﬁn@g yas tlerietho diregtipn éubstarmally along a <100>

or i ent atdy@Mogbphic dichthtindf Dasoalbasayiayer (1002) . 14. The

method of claiml1l 1 or 13, wherein formng said

strained silicon/carbon material (109). conprises

pel¥ or n¥higmethdenf slajm Vb o - t‘Véi‘(‘F‘alf"’ﬁ‘l“@vﬁf”H sprigrdedicon/cpipgy material (109)
compfise¥ pegfoomihd1gschativé egitaikiaLgrowib arooen (ITa) fer gravving aBDsjlicomcagbon material (109)
ona siitdd EG@fat €NPl ate. 15, The method of claim1 1 or 13,

wherein formng said strained silicon/carbon materi al

(109) conprises inplanting carbon ( 116) into said

Si 15 conThrametbpdsa pamn Al gt o wheraip derminp iyl sipippd Bl icpyaatbion gnaterial (109)
compﬁsaé iﬁfhpﬁﬂﬂiﬂg&ﬂrbon (116) into said silicon-based semiconductor layer {102) and activating said carbon.
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