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a first inplantation mask- which WO 2008/ 016505
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spirit and scope of the invention as defined by the
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illustrative enbodi ments of the invention are

descri bed below. In the interest of clarity, not al

features of an actual inplenentation are described in

this specification. It will of course be appreciated

that in



t he devel opnent of any such actual enbodi nent,
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signi ficant enhancenent of & he previously described

stress-induci ng mechani sns substantially w thout

adding to further production costs. In sone

illustrative enbodi ments discl osed herein, the process

in a u§1§s% %§ elelggnb Bxp {hn}JISQ o? at[ ﬁé&%ﬁ& e\éﬁ sa§1t1f{c§a§ ﬁxgtgn ?E oy gu%}ei:t%ttcr disclosed

ci ent bi ned rocess
heremsfl@blss 2 QW SENTHE BN 6f e ﬁ’a"e'@r'sly ef%ﬂt&ﬁt5§655~tfﬁté°1"g mechanisms
substanGdl iy Bith@inaddfng spfagier predwetmnbss. and the |i ke, so as to

even further reduce the degree of additional process

conpl ex| red to . conventjopal strate s witho
o e Rt Rt SR LRSSt <P G P pEfopecive seessd
implatitit@n geave nen beeffidirady sorfined dwdiht dtign @focésh tstapsg serbinp thet wpgval of spacer

elemeE&I rtﬁeh@ﬁmﬁleof épﬁl:e\camnﬁ ahd @ hW tdas t& D iASthCrRERE tha REpPed of additional
procc% gg{%gtg\/ I(a)rﬁd tt(h éonblggloréas Stf‘rg‘?ﬁgég élvrngout! uan%test?'elss tmlgtrporlzag;)anytechmques or
perforfriings the isgihe opatti¢ Fesisonf additiopd ithpataphy stpst t Fertbermnerea gt cprplgjnation with
sophidti€atéddn@at ieﬂﬂﬁh&sylnﬁlﬁﬂteeﬁenﬁ:&Wrﬁinniail fiia&s 164yl berighieved €n the basis of laser
radaatrgﬁ y Bﬁgﬂ { .'aEEQnoR raoﬁﬁs??mél Gatt% q%agg Qxa)t ﬁepﬁéktﬁ)qlﬂw c@tj,ale@ YWvékal times during

trained re-g damaged 'sem conduct or
the mHRATERTER PrOSEROPGIYET R e e §ouNGH ("eatfagy! semiconductor

matertal, rv@@reing dgé¢ gnitei exgrprhely] ishdrtuaninesh tiofes, doo piamifi @nm-yﬂxw of dopants may be
substasumstsawrés&hl YeoadtRiRLSS s&dpmgg@ssa%@ p&&au d1§chﬁur9 frlal) Q)h p&aes applied to

dlﬁ‘erva'xt fnfansmug ty%?g'%%lgnlngc tisrg){lg s[x[easyed 1m|prantgltloa ,¥?5§ khr)q necessnatmg further

erent S Ireq
lithogzaphye &eRs o50j thes | AnefBiond ﬁ%sweewtfﬁfoergfefﬁ'éd@ssﬁt?fawqﬁgsuch as P-channel
transiftetf hddeN-chahnel BaGkQRWayHe@PSmplishéd afdd@ibna@f,ftheClepited Sintal kdquences may
even @H&'ﬁ <e ne&{e '3Q dfeg-ge &'dﬁ;ﬁaﬁ{ a%maa&{ ﬁgﬁh%&sgrdo%éﬁr%@lﬁgcorﬁu&a aftds. In other cases,

transj stors an annel ransi stors Y
an unfiggired CERSPifS] FOBHACHVIAEIPE BTN Y B FRdued SRarpider! ByrARRIgpTately selecting the

optica} dgraeterdsess affghy stragsed imgflantatibremaske inhvedec @ sighicaydy redee gk energy deposition in

the cﬂ&%ﬁm@&ﬂxét&a&;‘%ap Nruud) itRARMI 1o Hﬁ:‘réélag@ ReCla1®6uph Qrpﬁgélﬂ;o@ﬁnents described in
e

this a%{)élfth '}:&hf %trﬁ]ln-l?&élﬁ% g]gcﬁ\adﬁsm %g )’l n 8 sacn u g learaerp ay% gesca'lce%gt? 'cbs the single source
for ceeptve oyyrinaineths resedctive rc!ngne! hegiong p‘!‘? ®HfciRitarfate ergset i qz%losufe may be
advan@lgeduf1 @ caiibines & Ritlothdi Pkeadd bt strfifi-indBSg nedha@isder t o

significantly reduce the energy deposition in the

covered sem conductor areas. Thus, it _should be

apPPuE Farheratiy lusaiens sRghrordePhsVisTif8gPaRfing @ substrate 101, which may
have bes@lrthdved aj samicoridbgordmyet 1 Basucloss 4 filicos-brsed semiqegdwctonigyer, which may be

undergts&mmgesmoh@s@dmaaqaacos@smgfa srgnaakank YRkt JAHYcdABuch as 50 atomic percent or

more q-lsle otlh%' g)&?css\?gcxees nfcélﬁ ﬂg? Ee present such a% %errm(a:r{‘merx{il tclarlg?né %xt J ai {P)F‘r semiconductor

ncl
a"oyspﬁ@s@%ﬁnd diediks- s thpwd hﬁ?PPffé‘a‘e‘h'GVah f%i‘tjég‘lﬁg?‘ve E‘B‘?PS!"}‘F@‘& the semiconductor
layer 13 tRayGépieEnt St ipp&SportdA df B¢ subit@te 100 ©rdagto PRE{da A 8IIKS configuration, while
in OthEll %B(ﬁml&rﬁs as&h‘é‘é‘?ﬂ;dla%ﬁé Iayer l(AOl %5%)%& %e ﬁroﬁm 09 QJ%QH %Qémlconductor layer

device 100 co ng{g L? % % h q
103 oy P BEM PR Pl ORISR BA IOt (1) Epitmon ol apf e e semiconducor
layer $03, 2 fiorrapag@dlementi! §naid @ sevpnd taysistor elgingnt hS0Begaylpe provided, which may be

separMEUI BF bEHRE bPsn laﬂas.emtﬁ.au;duci arch H&Htﬁ:ﬁsﬂﬁ&ol&&mahﬁ btﬂeg appropriate isolation
confi uragigxlx thlxg: gorx]xge 1 m?utw:e Vﬁ('::mbf’ I lﬂi‘ﬁ: Lraflsasrﬁ)r% Q%Aggsgés m lTﬁ ;eprtisent transistors of
dlfferb‘é cw\d@é@m tyvesue% 253 Piybannel ﬁwmm @arﬂwrfhﬂna?' trgpRstost e in other cases the
transiSt6x§11 SON) A BOH Biky repdebelGansislardntests a€l6hgin o Hiffiwent fhdctigiabblbds, such as a

logic %ﬁa@}%&?&rﬂ adangd nké r;xhsgrm,e' thahdigdrd MolaY @s@nmmepramusme same or a
. t he sem con uct or a er nma resent an E o hi reas
it o B VP b S e P08y AP T T PR LG et ok aras,

"bul k" configuration, while 1in other enbodinents a
buried insulating |layer (not shown) may be provided on
whi ch the sem conductor |ayer 103 nmay be forned so as
to provide a silicon-on-insulator (SO) configuration.
In and above the sem conductor [|ayer 103, a first
tranS|stor elenent 150A and a second tranS|stor

e I AN "




di fferent conductivity type. In this case, the
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10%&1’&3& be dtqr ammd aﬂnsduhte rdpont $13f miebd fophédal) arSippabpriately designed
1mplaagt(1:onn?r lZlesess ’th\@m fl: secohd trg%trstor lﬁ)%alq%)ﬁ be Jn%%%yg?%w&ctwe resist mask (not

epos a liner eria 5\{
showle pﬂ%’t‘t% h"%fl%ﬁ'ay &p 5%5& Paths bepinerelhetablished techpigisr Hgh as plasma

enharstd dhediaal hior depasitioni(PEQMIY) agh toexiikd e Thanal fierhtbe inpsk dayerTli§@ may be formed, for

instarfe? 5; PECYH Cul{égzmsrgégc%ne pr@gseﬂ'a}aﬂtkteMy HO&McRE such that a desxred high intrinsic
ani sotr OE‘F al |

rovide th ce
oA AR S LR 0 SRS St e oorn o
tensilg 3@As, rvdngreipethef menmst theymagnitglp 9f S7ses maveheyreafidly |a@h9é<‘t9 0" e basis of process
pararhdidpd, auth at HéﬁﬂsnﬂihQ&ﬂ)‘éﬁture\l\Ble{sﬂb Mort iStﬁannﬂﬁla‘_n duingaRsdepdsition process and the
like. JIP] otﬁer ca%?ﬂeﬁl %on ds Qﬁc%d Imgx beafnge§ in"tg tres%e%ti\%e%?thﬁ%c StHE kfon( 1HQJnce on the basis of

may orned on the basis
PECYP: qum BEICEF iPEITEY PRRBHT qUa'se Sncerualedgpratpinne the desired type and
magniiideai hethsic ieesd. cal vapor deposition (PECVD) and the

| i ke. Thereafter, the nmask | ayer 109 may be for ned

e B2 e i S RSB BarAR g or e s
deposited maskdayer 1091 grdg gromidipg b ecparbie alrff?e?dlayemml PEovigist 1"°'R4§'Eﬂ/ﬂ4hes'°" for a resist
mateSd1 hd &Qﬁpdgitgdrab&i@ tﬂlax}ﬁslbﬁyef' OFITEFDr akhibhple, f tﬂthmislaﬁd'yblﬂiﬂi) & provided as a silicon
mtn(fe I,r]nnpenssﬂsula %/u?f %rlzgfr l%g Ee ;ﬁ% g‘?h’ thm ar&l%a?dl&b(&qa rl]Ch may exhibit

Stre e rea usted on e
an ingrgased;a Fsmrtee@whwp%fr“&ﬁét‘e’\‘"sf“‘% u@ﬁ“%tg 'd' EFFFSoHren the Task ayer 109

tenperature, pressure, ion bonmbardnment during the

deposition process and the like. In other cases,

silicon dioxide may be forned with respective

intrinsic stress, for instance on the basis of PECVD

wherei n respective process paraneters may al so be

controlled for obtalnlng the deS|red type and

Y - o e o Y Y



deposi ted mask | ayer 109, or by providing a separate
surface | ayer that provides increased adhesion for a

w0 e®Bm16503mt eri al to be deposited above the naBRBKI/US208T/016579
109. For exanple, if the mesk |layer 109 is provided as
a silicon nitride material, the surface |layer 108 nay
be provided in the formof a silicon dioxide |ayer
whi ch may exhibit an increased adhesion to a

itself Prla&' 'h@v]e s&fﬁcx@rft aéﬂfa Jm tKQlQW@sns’i ﬁl§t‘e§e;l t Eét@i §t.lrfaéerla)@; hﬁrmay be omitted. In
mask 08/ 016

still ofgtxﬂqlug? i@g?@s a llain%/rg%troP ry(nﬁt (éwrg Y I%E Pné)mied so as to substantially
planagiz¢hibe pupfacet topogtaphyr efghesdevign @ privk to depesiting gqsistmitegr@l, when the pronounced

surfa&tkﬁﬁo%ﬁﬁhyl S8 madkOlaytRY 0D Biap m.gtat.»eq affelt theS bubbequet hetoumogmphy process.
Theresa eléusrgyr%tgrl'o\p/r?atee%%gt ngg C:‘J éﬂgy gagp e%os e&basn?t I onbe: Ta}(égsed gy a well-established
Ph°‘°ﬂﬂha$1%ﬁ*‘v PECSHE 28 (f Hrade, tftfpeigrpa?jﬁy%ﬂf e {rgqtmnegie\heciesist sk 110 as shown in
Figurp 1d. OBasédoonCiB{@ St imaskgl 10£18¢ dvicermdemdyete expol@ino hil@ch ambient 114 designed to
remoQJ aQ. Q%%%Qnto§ B¢ Jxé‘&&‘sk ‘ia%}%é er&rh"{e Qiack lih‘?cr'T% Kf dr&b{feﬁ ..mﬁer to expose the

negatively subsequent “phatol’ith
se"°“ﬂ Paee?g 150Brige? %’Bfefl‘eef" ‘"‘:Rﬁv‘atét’ﬂﬁf%fff jdyting Yy %teaﬁ’rﬁt"é'i‘"i‘aéﬂ'“g mask layer
109 nmm yctbeandmplasatioedlasknd may be exposed by a
wel | - est abl i shed photolithography process so as to
r esll\égr? ?lrb]%: %(ntnai 9[a]_>s{’s%§31ihe 1(90% rcteor erwec? ‘i(%e alat as e l of tlie e:éposed portions
of therlayersd09 addR8 by1the ett*tmocde\}il‘b é“ 1@@ ‘Hv&yatbe ere‘aeﬁwe*& t'eedmarrt 04 may also be
remo@k GlomaRddcanll tdnkhtofl Eﬂbgne.dg théetch 268834 Q 1amhee<ma>sedmustranve embodiments

the lplgrr 5640 Pla)o fbe t C@Flﬂgﬁﬁ l%vl'lef"'ll %om% ngldltllnl%l %HQI"%C gffec@yo%[mg a subsequent

provi in or ex ose
‘mP'aPta‘é‘ﬁ'sH’%‘Fﬁr' 13 BB net sAvessely L?Bfgfé d'lfe'ﬁst" ‘F‘%ﬁfeéﬁ’t f’%ﬂat“dh“ﬂ"r Bfcthg Eespective deep
drain @dest sopge weRioashl 138 cle@aisty thehienplastanon ipraagss hps Kn the ylmstratideOnbodiment shown

in FiglRY 181Gile 1§1§la§tﬂloh rHDAc@thlle k2§ bETB&K)rmeEi' BULELISR of the resist mask 110 and the
pattem?c{I myE tla ﬁt:g'll \921 Whl vtéltﬁxtmron %'egrovtda arrx3 eof?iften(% (i)rgp an%lorf Htas?(\itavné% a pomon of high
mmngtggregmﬂa Ilgg)atﬁpynefl nveské!)@hloaf Meamtaiping the res|shm§b At durmg the ion bombardment
of thd prbdeStin Rimay Ggrefidan i redd Sy rdldxetidnieffedt whiokl maRythalSObe@eated in the mask
layer I QMR Qo A, Jare .ﬁ@g&{a@n bR S et 3053 1H Bl dhCe embodiments, the

B LI e S R AL A ——
is suffi igen ece¢fficientln skdp the aamdiombmdrkanngf thd precetssl 16 @and alg repintain a sufficiently thick
residMIRRE fHEddthavihd W ARH Bigh RBinDE QR@SS 115 may not adversely

affect the resulting lateral dopant profile of the

respective deep drain and source regions 113B created

by Fiepre 1¢ pRbFraatieally jilbtns dhecsgrgicqnpinetor| davigenlQ0 pitqr therpmgvph af the resist mask
110. evidgadtdrea idesdeONI is dubjedtédOil a ahndgl pidaess il D) wdich aday ®€ designed to enable an

efficiHt thngﬁﬁm l)l IL-:he Wntbs%eo%rlt fhe r;@?ecm Jr:rﬁe argasgtlrge lQElOItShQ:;A 113B, possibly in
Si st t he terned mask |

comb R QTR RSN i s B PP R NPT SRS 18R HZRiAs previousy
explajnedsidng) toathp preceding igplaptatepn process rfpmipeing the alsain afd, gpurce rdgns 113A and
possifif tiket B BflvidBHKpetfaniRE arkéibhizaliti itpRhtiioATa KiftEdeERS biSlhuid¥REifage may have
been %I%QCCP Ué$ ugnhg c1ug% RQ n:g-)%a[l %%ng l é) fthetcggcsgg??g%zc’ma{ﬁﬁc} éhice portions are

significa axa
re-g “?t‘ﬁ‘yw’éft’%‘e Ay te the B@S‘i’,‘?eé‘éfhé (‘i'gf"ﬁ S‘Fﬁ%" fraskdayeq ‘é?? ahove the firghgpsistor 1504, the
respe@ it irdigystadlizativ@ paotse rdsulplid A ts@tined Mattiva phrtib0of théd1@raipraod e region 113A,

whlc};I- llg’o uldncegtahﬁgpe&dvlz Wedik Z-i]rt 'tltéeadﬁ@é?\p%amtrggnont hﬁA r ﬁﬁl‘toﬁéb not quite fully
e renpve ntati o

rto
““de'ﬁ‘%}é ééssas’it‘f*sx\‘z\)h‘earfet"ﬁ%‘v‘t ﬂ‘i"g‘kﬁ ¥TE 5t’h‘Be nges °F%ﬂ‘/‘é?5’*m’§'°" may, due to
the spegifis plfcrygtaking copfiguattipn, b¢ emptipedstp @ pertain@miogm evso aftra thd naneival of the mask

layer@69. tih s%nur.meeaﬁfve Jrﬂb%da{aﬁts ante&enemqsr&t@in N @aySdinbrise b w&lbysed or flash-based
anneatl rlogel§s durnggs l»/ % extrem shoR 9,[ tolsu(r)enu e@YAa? ge % gveﬁl\f' l(gl a g ult in an efficient
I AtTI NSl CoStTess. t ure N°c sch |carﬁ ﬂ stra

the sem conduct or deV|ce 100 after the reanaI of the

resi st mask 110. Mreover, the device 100 is

subj ected to an anneal process 116, which may be

designed to enable an efficient activation of the

dopant species in the respective drain and source

regi ons 113A 113B p033| bI y | n corrbl natl on wi th the

. Y a1 . . .



re-grown, wherein, due to the presence of the highly

stressed mask | ayer 109 above the first transistor
wWAaz@81dshe respective re-crystallization procPSEUS2007/016579

results in a strained |lattitge portion of the drain and

source region 113A, which also induces a respective

strain in the adjacent channel region 111A Al though

not quite fully wunderstood, it is assuned that a

re-cr&ﬁaﬁf?z%&&n dﬁf@ceétal}@laa t%bn%ta?éo wﬁ!r%g 9 Qm(iue d%fﬁgnong %} q’\cldgpant species within the

el.ectro
resPOSHY S, RIPuQrLIepipTie 'E“b’n‘f‘?ﬁ &F%\%‘/‘F grin 25d Sﬂ'ﬁfwapxﬁeld%ol 13B may be reduced or

suppesesed.ailm odieroiliwtratiyy @mbafithers, thh @niieainudts O hdyecofiipssé a “low temperature”

annelllaééSl[enéeogvhch nnﬁoﬁgepér}ol'n%ﬁt\('ﬁ]t felfs erg‘tmg.p QA [&%nt rigé: tfh 6%0 800°C, thereby also

rocess_116 npris r-ba
S“*"’f‘*f‘$éf‘§r1’“6‘§§8€?“‘ Yffrviony Wﬁé Gﬁ"é%"ydaﬁyﬁ@f“m @H‘a@}ét‘?ﬂéﬂ‘m{“}wm Additionally a
furthgrhlaget-bagodpw Slashebasell ma®alngy nag bapdtfoanadior pbwvidike #BicréS&iUefree of dopant
activittdbnan effi ci ent WO 2008/ 016505 PCT/ US2007/ 016579 10
re-crystallization process and activation state,
whereas an undue diffusion of the dopant species
wi tFFeurs hdrsehempticaiheitipstrates thx seairondyntor dayicom@p dkRile reinb2ABof the mask layer

109 &ovdl thehfrstCiraadisloraB0lA.S B &@mplE, %n%&o%% delllgtg SBBNivd Eich process may be
Peﬁ&ﬁgu&@enp{he limeH ﬁﬂrn%ﬁﬁ%g ide a!n Qesxged fkg se ectmte/ h_f)r ef(glgle a wet chemical etch

nmbod| nment s, roce S
procest b %ﬁﬁé’ﬁ&f'ﬁ*ﬁ@d reCiRATEA] begelzﬁqf@m:@r rewmrewhmsmever 109. Subsequently,
the liperr 04 mywg (be \wenfolved, ﬁtpﬁfaacteufnese badis oh @ séiabig thchheﬁQ&ys G@l€s, even after the

remol4l Gf tﬁbiﬁasﬂllﬁ@r 105 %%ﬁi%a%'t Debubind H?almm%alm JL d%n? ghd source regions 113A

e-crystall i zi ng damage
ot B0 e MR 01 S Pl RS sl o e g 110
Theﬂrﬂﬁﬁs ﬁmb'aswesawa el bsteepinpmyonhibe pasist ofr waticksthigishedrmai kit strategies,
whicll fhay RicTu@AHE CorlD@h Q€ meihi ﬁlﬁmﬁr}&glon@m th¥ ?Jsf)éanve sEJ,rELU{n@ d'raan rcglons 113A,

1 l3BSaﬁ9 &U@Jt éeiéltrl)&és MS ﬁ%ﬁ aﬁl?ereaher ﬁn%'leemtrggsgtg]g%trs?l}g %&}l ed a ove the first and

rennva nmask layer
se°°"r’|‘13§i*stﬁ &9 §108rin paignto pmrdeefermst graingpdugipp saypei &prdxymple, a stressed
layer hewingy mbslargiglhe dit isae: Ritrikic PEBE &S the NiMyk Ber 108 rrﬁagruzaﬂnned above the first

transﬁi‘!bleﬁ@hnthéra@ el/énnﬁ{helj&}‘l‘eegﬁg thP Fe@b’e'c&lﬁ s@'zmql §1§|1 c% nnﬁl rg%oneltl ?.D Similarly, a

respe%txve stacsse% 'la%éln}ay gg fogm%ngcﬁ'é 6l1e Isﬁ:e?dpt@gs'%)} 5% hadgllgp ggﬁafg{jtywetﬂnd magnitude
of intyigsiptrsp i ardsetorpiphce|thryperfort@@e ofTeze@adiembistyr, 150B.ne | i ner
104 may be renoved, for instance on the basis of a

S Uht ﬁmlg a &Ct{l ”,%EE‘T%g :r)ét or];er stt‘a i—u& éxglfaga a{rtﬁg{ﬂq{srqgfmargte a?sgl lﬁ: provided in
°°mbl'?ﬁ'3f’"r"€ﬁ‘é'i‘en Wew‘)&'% sa?'auohw'awopnéhaha@eofrtbgwh dayar]19R, Feyrijtance, in one or
both ¢fitle tantivgars | SOA, 1568 asngindd s&xﬂnéqndﬁ&&eﬁrﬁbyialaﬁas ®e PrloGdddfoN@stahce at an early
manufa8SHQCHdeY, Bn S&iératb @veh rfurthpreenﬁﬂmg l‘esﬂ’egt e Qi LG exaénple it may, be assumed

thatt-l::hseecon Infnsmbrl %ﬁ?r OCG(S{SI ng e continue

i O et S BT RRE T R AP e gstere nth drin
and Smed%'?mv 3B.rfer lmcet Yyeforfminperparedesrrrdpfenniettiad gawi elekieide @0SB and refilling the
recesy @i}l DAGInkd1siiDRgdrASIAAE nbtvidh], SEAith GRy ad pﬁlﬁﬂb & s: géagln.%mpresswe strain in

the cl;]a;l:;%"\regloﬂ-li;% aﬂQre&tﬂ:@ rgfiht l gsclfgrrgagq)c contmu%i as £3 E rsr%-ﬁed with reference to

after, further stre
F ‘g“’?iblé\} inp 9T §9 Freete agpRRectivelens H?jst'?'rnamér s'taeveé rew@Al 1A BB tiagis of the stress
memquizglion tethmiqoe deséribed @bobell rAldoat thisichsa) rBspediithtiGiesied SOHYEE, sudh@$ contact etch
stop IQ¥AIRly®e ifdivRifIS IHRME abb@ANEY frl 3V sQ&mc?H-Qéﬂ's @1? gtﬁi hyost e
same intrinsic stress as the mask | ayer 6 fray b
formed above the first transistor 150A, thereby even
f uFigHrere isthematisallynigjustrtes the spreicaniduceor sieyies H00j avcdrdtiag to another illustrative

embodithail mkrelh,&glhﬁg’hh&pahenjmﬂg oﬁhtmnjisﬁ ﬁbe’ra 108, the &ﬁ&@&ﬁdn\(ﬁ of the liner 104 (Figure
1b) m§)t JI&)Sdgggnolv@dy Elgggayse a? lcas?{hgls:" acer @%em%giﬁgﬁare%\éeﬂ dt;rlxra éhe removal of the

tTans| st or
mask [gyer; 9P rif ASPRmER ?‘?é‘sl?;("ieff Wﬂ é*reset GMEPiISA &% cpmerised of substantially the same

performance of the second transistor 150B. It should

al so be appreciated that other strain-inducing

mechani snms may al so be provided in conbination with

the "menorized" strain obtained on the basis of the

mask | ayer 109. For instance, in one or both of the
tran3|stors 150A 1508 a stralned sen1conductor

r .

.



recess with a strained silicon/germaniumnmaterial,

whi ch may then provide a significant conpressive
wa@ewaiomsdh the channel region | | | B. Ther eab€BUS2007/016579

further processing nmay be aontinued as is described

with reference to Figures la- 1d in order to create a

respective tensile strain in the channel region | | | A

on the basis of the stress nmenorization technique

materidleslC beglsegb Fner %4 fgrmeg alt:ove &e%@c%@d tmn?&g &Bh‘ﬁ%y be removed commonly

overl ayers, such as
with theag»efr\@ 'asﬁhwbaed Rt A1 SyaCFroWﬂ% dn%\%\?@ﬂ% hzéeffl D% gp bigmoved in a
comm8&i€ &6 rodelsa Mh $énival of 510 Apacdk 503 mEy gwcbadtzeecs-s aemexh¢ spadeksy107A, 107B
may Ha!/el ls‘éﬁl; fo%ﬁfﬁ‘ctnhg s§f§£€h %%Q'Lqu’atté;’ngl Mﬁ 91§y ri@@ 98&51-):.5\‘;} thO same type of

ustrative di ment ﬁere'etﬂ dur i g‘? ‘F d
sres 38 Qoo D 0% hGORERRAPagrRYs o ffa™ dito 08 g Poinnducig
mechapfsmt dfi@n |overlying kGess (4yerg suck as 4 lgdntavhytetn bte lalper sHl tpbee fprmddpmay have an
increabclleficeAS SsincB kel twet itess %ﬂﬁﬁﬁ rma QZ &)Sﬁﬁi{ed@io&@ td@e gate electrode and the

respe086:g%edl 1?%11{)]11 pqu G spacer eleme Shﬂ aY(?l% may%e remo@ed from the

e roce'ég SHSESS PRa SEeE Slemete Ve &
mask A9 i B ST T2 PTG OB N 5SS o  lner matria
used {RCHHIkING (0 046 D07, 1078 Wk @fficRhtly fefovadghfdterRP6faBe mésk@ayer 109 and the

liner L0|4nQn m:l'so\%a f glr 'B:I‘»QSS ?’BQC\{:%‘ J:%ﬁan %Coq’qu ﬂs&ﬁl@ffdy%ﬁed :Lécggd 'E@éﬁayer may be

renoved common e surface |ayer
signifiganyx enhansed: F'SPS‘F'H@“%W&E‘%‘I““IU"FB“%‘H ArOFRIECOFFRIER™) ayer 109

may be renoved in a comon etch process. The renoval
Oflntsmﬁe éﬂﬁﬁﬁ{ent; Ql?eBdbga:ydeQﬁbe@q)\/&&E 39\9 Q’H§ af@@ﬁ‘fﬂus&h@r forming the drain and

source ?%éz 1O
pomos etys¢ they ﬁrsatlralnystwhlé% aﬁwnlgy pespasfive agneplgacessthy fegionge djA may be activated
while ki@ YIRin ah8 SburcCarnsa urR Récbis, trabQ(stdr&BﬂB( whigh &t ndt @A Siclulidu@e regions 113B, may
be re- 3 og‘v% evur;lthlao Zo%‘esponc?n S&tﬁaﬁl Ng! tﬂ\g légsle ng'lor @Qxh QI{H' %mogfng 198 respective stressed

yl ng stress ayer, such contact etch st op
*mplav%fyé iagk fFqny the spopd URBSSHE ﬁ*%&ﬂﬂf?&\?&a%ﬁ implAEAERERYbe performed to create
a desieefl ldegréea daytice Sammage att lkvst in e [fiest trinsistos price gsperfartras thd abaegydescribed stress
memoh@atlgxggi:ﬂnﬁqgg flnch n@tsd?aﬁs@t&‘ 15(5]@ ﬁﬁtn@ tﬂ%lrﬁﬁvﬁl@%e%ﬂ&sédhﬂplantanon mask or
| nne S es

e s frpton sl PEoPRs7 I A O PO B b1

mask | ayer 109 by using an et ch chem stry having a

noweah adi@dnge Bl PiurGedaget fiuiiet Yustative dirbSPMEds will rwl Heldedcribed in which a

respeém F\re'ss% fm,H;n%%m} Qasid RSB GolillE m.agf.-r.é n;laquemu,ﬂn ZBge compared to the

I cl ent renovi ng_material of the mask | ayer
Seq“e‘1°6 95 RIFIdPUep desced With seference iy Figwessladdgy  t he
stress-induci ng mechani sm of a subsequently forned
Stfneﬁéﬁ«g 28 VL EenAdbREuciIR Ye it 206|c619brfséscﬁr§$ﬂsyat£m@rd&ﬁ'd,whlch is formed a

semlcgnduct?rqg};exlt ﬁ)gl Fu ertmogauntn C O n shog';ﬁtéx%a egi\c}’rgs%géngé?yer 220 may be located

betwepy b ebrar %WW S&F‘%“dﬁ‘é"fd@’éﬂz"f*oF"’Fiﬂ“Fﬁ"ﬁg"“tsﬁ’é Cﬂﬁﬁ&‘rfﬁm is established
by thé fstra®00l G cnitfiaters withl A 19Ers RieartdrABS iltsthouid S apreciated that the buried
msulagrrléjlgy er Eﬂ) lpr%g Ioglﬁte@mrmpﬁlggulaﬂv% ehmlrﬁéﬂtsa\thlerppbm&}ﬁﬁ 155‘9 considered.

SSE ortion above I st

transi st o
F““"ﬁ??“r’n@ figst, '8?5%&& RIS é’ﬁinééf’“’bfé'@'g?g" 2€§1Ba "Paég'?eo §mef ‘flhg)ﬁ3 and in  the
semicpmlyctiydaygc 203 avheein a\shyirdsgondihg isolptipn strechie 203 umayeserarateathe tifnsistors 250A,

250B1 I?@nh%ﬁ&ﬁﬂdt this %ﬁﬁdt&‘t@ﬁg E@&esﬁéﬂiv@ Eatéjaedﬁﬂdes ye3A, R0SH 446l Brovided and are
separ%edefrom lgs gp fi’/e € agJ%el reFme %l T{]?B gy éa ms\>Mla‘10n ]ayetxs 206A ZOPB With respect to

orresp
the cpremwmgesm\’ed sedpeleisgee Srtpissapply asi n’fb‘i %ﬁﬁ'@faﬁt"P‘a'ﬁedlmgk reference 1o the
semicbfiduéort B&ice emONd Hedcans i fBkt@F des@riftioh tdfi@hes@rBipidbdariaprbe omitted here.
Furthla'mglle aaWu%%lL mWSquii Rﬁﬂ&%&%@es&?m&s& erﬁz]:y%e pﬁ)vggﬂo Led expose the second
ree o attice damage at least 1n the first

transistor prior to perform ng the above-descri bed

stress nenorization technique in the first transistor

150A. During the renoval of the stressed inplantation

mask or the stressed portion thereof, the spacer 107A

in the first transistor 150A nay al so be renoved. Wth

reference to Figures 2a-2e, further illustrative

enbodlnents wi || nom1be descrlbed |n mhlch a

. o e .

]{m r med
d
C%PSl%t % IX or eli,\ﬁ Pronge a vspectlve }mplanmlon mask having a stresse



between the substrate 201 and the sem conductor |ayer

203. Consequently, an SO configuration is established
whooshessubstrate 201 in conbi nati on with the PEHES07/016579

220 and 203. It should be appreciated that the buried

i nsul ating |layer 220 may be omtted in other

illustrative enbodi nents when a bul k configuration is

considered. Furthernore, a first transistor 250A and

tmnsngﬁ%w anle b g§é t‘%g 8 tgﬁg&rgﬁyl\ Q-‘\%Rﬂe%g@ Qn @&’sg ac@ﬂgy& ﬁ 1 may be formed

sem condutct or erern cor espon I ng
S0 as focgyes Y gt S‘é}’?‘t’ﬂ}&t’fdﬁ“’é"?ﬁ?"w g‘é‘b“RFﬁoéB’tzﬂ%“t ransi stors
250A, 250B. Furthernore, -at this manufacturing stage,

r e{l"pees@&lcyrﬁugﬁtdgwﬁl 86 Lsr sﬂaﬁnsm %%é 2a %Q; ﬁe f3fed QE Qlwbgs‘i’sctf @Hﬁ*ar processes
om respective channel

are n
as pr?/j_ofgy &P @ gﬁg{ﬂeactel tgﬁ g Wéﬁpg“%(fﬂmp‘?ﬁ%% % ﬁwce 1%’0 It should be
apprepietscwutthetq&set tiaeer baendhent ke foresd e thebhsis of dny ppprapriste teghmique in order to

pmv.a‘era Jeareu FHidRRL h BSrdAh@ Wi Wc%s easmeaieme dFdMJstanoe aﬁ@macssacer layer 221
Sem con

ce
fi d
may late egosn%ed by aﬁpr%;fnattel{ecgmques such as ¢ emlcal vapcg deposf;j‘ ?I} @Dﬁ or may be formed by

tTro hese  conponen
oxidaftpry P‘H’e?‘ﬁdﬂ‘é Hrs 'irrwbrﬁatmnaw%nnﬁa@w ﬁ?Mﬁan |%Paaﬁcé“ well-established
photolii6graphy M@BdiquedTRyashi@ efiotvihél gloIOrmsistdra2 Sex ptDSxEUﬁphﬂtatlon process 224 for

fomn%&%ﬂ MHX\QX%QQﬁ/r%Qé QIFQBPQ[‘CL&F&QJ {r%§§ 7%081% ;h[nﬁ@ %J: %%xated that in

coverin transi st or

some pillysirtive cEpodimenty ogf f"s Byth Epnsrs 599t OEZ“PYn'Eye s’%’efreafeﬂead°°"esp°"dmg
amorphizati@ inplagiee pricato theprsdess2 ¢ ek, st lest it he sqrersiprusistoy 850B, a significant
portiddF fie ShnfRohduBdOycP B3 Bray RV Aubstd At 18 EH daMbbE UEh &Y beG@éaRRIly amorphized.

200 as shown in Figure 2a maybe formed on the basis of

simlar processes as previously described with

r eFigvre Ak echerpntieai illvefrares d1S GIBIFORE s HpRs @AY B agprtiepivanced manufacturing
stage 08 Wia€llayeD9 hhvingSahighlidril3e str&fWhes may Bthpplopriatet fbreniphditgbe performance
of thessgc,%gc? [‘ranlsthxe.{SOg %‘%ﬁy%@}lonh& afbg\regﬁchrg QnJ Jﬁ].g)nb ﬁ%‘lsﬁtogfﬁ@ﬂp ¥s0B. Furthermore,

propriate gue In provi desire o
‘f‘eqt“fFFtﬂi‘r?B‘é"é"“ S\’f{"‘é%’&‘ﬁ’ WW@%‘&%%’%‘@@?’F%%W@“ thggdhesion for a
resist|mpeerialvd @ resish masyf2R § dtat 8 famed aﬂoag/@p se2 ol u-a;mgtor@éOB while exposing the first
transiSISIRBOA tuelis RNe rep RO oRh 8f hE€RRR 1FLEF9 fofrhtheREbIVEIEM Cal

vapor dep05| tion (CVD), or nmay be fornmed by oxidation
and the like. The inplantati on mask 223 may be forned
onRegqeding g imenyffctupipg |prosess 497 fogmiagl hepliyrv R 1% Fof rap iy resist mask 225,
substdn@ 4l y1heGaBS critedia afplyt B pRXPBHEieichiBedahofect tb #eSoBicdEntsADYBO8 and 110 of -
the dévece 360 asrml,@nwgumapmcgaﬁp@ %éhe,t fk secmrmagmrzmgg&;ex@a P-channel

ext ensi on regi ons t he osed transi st b
transiptr, the Jaskylapee é% b‘f”ét“? %ff"é%“"’t‘ﬂﬁth‘%hn OmprGHRLYe iSrest Uy P jiQ, @Piain a respective
straingmribe dhamesh regiop A H Bo IThéyenfibr, the davers 8190md 2 B5GaX be PH®Redfipgn the first transistor

250Afba\’& beeimfahﬁ@s@sha@e e@dﬁﬁ&ﬁﬁ@@ N&ding he r@mmta tzmtsla@ Btch mask. As previously
explamgcp h'?t so %ii% tedolEmJgPaPttbyrtgaxg%%%%%sre?mred ue to lghly%galedqgﬁmstor devices,

trans’s I cant. ~por
the ree'ft f%aﬁ'éZ?éeﬁw &8 Forercon the basjent a derstaptial)y %a\?@zeé altf&t:eatﬁmsaphy which may be
obtaited boh the GasthaiffB@iondt samfjcidd ha@tidhShahrus palyrhey nal’éﬂa‘lpbhldleﬂh.y also act as an anti-
reﬂecﬂ,fgcl(ggtg,gg Schrg@ical ly illustrates the sem conductor
device 200 i1 n a further advanced manufacturing stage.

A mask layer 219 having a high intrinsic stress, which

mayigre 2asshenppicalla illostfatss the sdrageodustyr deyise waﬁefrtm;n@@/al affexposed portions
of thJ thﬁk 9609 addriR seifst Q&er&SQ B¢ prtm?déd had bempe @urﬁaﬂi«hﬁaﬁuhﬁn process 227 for
defmm{; reséeat?v@%xtgnes&)gpe%m%{ ﬁg%la tthg ﬁl?s letf:r 2%5.9 ué_y[f llélhr {hp 'In‘%fng mask layer 219
and theppepiginagh 2%5’h@a>1 acfyesranzlmlavtﬁnoarra?é'f hivalgéhm%?ﬁeeedt 'n@k Tayer 219 as a highly
stressadift@isin@itreb D IThéreafie € Sik &bistkle225 alay b remove@si St nmask 225

that is formed above the second transistor 250B while

exposing the first transistor 250A, that is, the

respective portion of the mask |ayer 219 forned

t her eabove. Regardi ng a manufacturing process for

formng the |ayers 219, 218 and the resist mask 225,

substantially the sane criteria apply as previously

described with respect to the conponents 109, 108 and

110 of - the device 100 as shown in Figure la. For

exanpl e, vvhen the second tranS| stor 2508 represents a

o s o, N ~NA N



expl ai ned, if highly sophisticated Iithography
techni ques are required, due to highly scal ed

WO e@sdiesvdr devices, the resist mask 225 nay PET/USI00EC6579
on the basis of a substantiitally planarized surface
t opography, which may be obtained on the basis of
additional sacrificial material, such as polyner
naterial whi ch nay al so act as an anti- reflective

F’éurf ot eBQchallg x[lt?s%&sr &‘lg ch LS E&f" d S&h 9&@&1' &@JeLsy 226 in order to

em conduct or devi ce
it dareshas STERNIFI PO thyftrapsiter %*ﬂl‘%ﬂy@?se'ﬁ §F i gresed mask
layer 2 19 CobefiRoMy, hﬂy@ﬁech}&;ysthlfmepﬁmnad@d be arﬂgi'odmwulngspacnf c strain, which may
also bl gﬁ'&@xﬁf R RR thpé’lllalplglqggeélsll ?B?Zs & erevxo&’s‘l?)]C dxPlaf&li. Furthermore, during the

resp ect i ve extensian regions

annes PEHSY &1 e SBAEEE AR, FFE 1L OF S 7 ﬁ@WHJag?z’ﬂS‘gve%ﬁ%fé"B may be
efficigulyl a¢tivgted, @dirsin, iveoke ARSrativyempodimers, advangep teghrtiques #ygh as laser-based or

flash- Uﬁ%r&@%km R @scR @l Sr&k &diuﬁmﬁt*ﬁxsioﬂ)éﬁtﬁe RJdRctA8 dépahtisgddicy Thereafter, the

e ortlon th r eof ereafter the resis .
sk S ARy s D SR GTRRDS Pt Tt 9 D hBg s in e e
electrgds zmlg a# & prRdiousrxRiainpd: alihprgafier. thg Sirher aasufatiering @ipcese moky continued by
formlﬂé'lfelsﬂ'é&wamemmancpE@&@S&lozeﬁ:cbrﬂmg ttdl£ Eorlventional strategy, when an additional
stress-l d“g{‘g Inedt Iagx a%g%hg g 19 (heaJJQEGDEBoZ @Qeﬁ%:t Btﬁ@smegﬁamsms such as

e presence of b’ ed . "
stres%gkeﬂayea@ a7 g “keeci‘ﬁs‘éq‘lfé(f‘i’t"r"g/ detRREy eé’bé’&’ﬁ Plsitve” embodiments, e

manuGttySigairbdessenayivk eontiated e is pleeionsdy dpsaibed witlt tefegenemte digureg 1a-1d. That is,

during I“o%ﬁsln??] o%&;&nalm so@ées-&ugemelfef firft kr@rﬁtsloVZiOF\aﬁﬁrfeﬁEJ ifglantation mask may
e

be us%:klﬂ Pféifr tg also ﬁypytth eﬁ;r rnbemorqzatlonBtéch{nﬂue to g% rf]' ésa FS)lrStng 2502 however in a later
manufp@ring stee. peis powh infigwiifsant species in the first and

second transistors 250A, 250B may be efficiently

ggsngé(r@tzg g:‘he ga{lg iflestrdedd H%Qigﬁcel ﬂob Q&E&x% luy ?c%ggdxm&lmem Here, a

nced ues suc | aser - based face layer 208,
rsperiv4 YIS Stk i9¥e A0 Besablpy OB HEB o A CRPREF 1 Opsigurtnee aver
may b foringd dtope b fitshensigw36@4 fove, Mejidnin cophawitienswith a respective resist mask 210,
as anﬂﬂﬁgrﬁﬁ&ntx Bhsk i 1mmloh %&ES A3 Qorrf'&')ﬁuge'e%&:ﬁw&gp d¥h lah®source regions

213B laﬁg e?e{/‘%‘lﬂqg‘ﬂst‘i‘%e%g@a : él‘ge c?rre crtonclS l(lfg reﬁgfg%@\l nndI s%lércet relgnlons 213A in the first
transiglpEASP & ¥ Yave Resh KIrrRett aTtgiceminuBFturingHOES rpsipis of a conventional masking
regimf@PNUhadd bE hppekciied acEe [BR bobiard@nd 210 we§l rddlyice the st¥bs@nserved in the gate
elechjz)gesfbgﬁt\bl}é?emdg evgrr Q‘E:Qmﬁm a%*zgwt %?reEx&Qi Qﬁﬁt rﬁfycsgrl @ls Ainfafied in order to

convent1 onal strat g h 0 dand th

provide 3 ERESTMH YA ge BN LR H’By ThigeR by 'éaﬁ k1P o gemoved and e
devicel @00 wey 28 (innealed, espriretly careatinghie respretéva sitrdis ris thesqharpelprsgion 211A, as is also
previsusly @SS AEEd VR kraMRE & urldevidengo.l i ke, as is previously

described. In other illustrative enbodlnents t he

manuf acturi ng process may be continued as

pr ithaeferrsee felayrssiFad s (irbher *ve\'%lweﬂe@dmnw@wgsbe dgseripgd in more detail
in whidhate apsr,oachdm stregsed Oniphaatati@imasit malelgmdemaggoudyncbmbiongd with the formation of
sndewaﬁ Q;BaQA?sSfo} (ﬂ:f l:ungthg la[eﬁltl deErﬁ B)%i' l%tnrpr(:s_pgéio&anﬁsﬁ'teie%éﬁ?d

I mpl ant ati on mask be used in order to also apply

the stress nennrlzatlon technique to the first

t r KizgieSt eaher@Higolly illvowtes @ seniigpnductopdenice 349wpmipristng @ sybpigpte 301 above which

is fo:%{eag%em@&'ndhc‘iorslm/m)}l rFuElthhUr& ad®st thmhs@tof 8502Eand a second transistor 350B are
fox'm?idC in ag? on 812 se 1coaducysiia(r§9rt3%§ n E'ede‘ivdfacgmgg ng%c&é’ E’c&%)e@tgvetugns:stors 350A,

Ccorrespon

0B Tegmee FrERSRUVE &te Plecigdrs 3P é958|fwﬁ°'b&amsna'a'eq"dwew&?% 3068, which
separdid mppésem.vatgﬂé eletkasled) BEA, S0SE doe tategpondd chanmah regims 311A, 311B.
Furtlfe%or;@e thQQ%}{ @cgt I’T§3 lf2Ar §;28tr£a§ri>§ 'foﬂnQJ ad?a'égte‘tot e @%ectxve channel regions 311A,

311 0ss1b |0 Conbi nati on \{)Vlt e m \rqear S. rev:ous? explained with
Wit regeetg the FHPRATEAR TS 0165 BF K T 1Pt & RO oo

process 215 for form ng respective deep drain and

source regions 213B in the second transistor 250B.

The correspondi ng deep drain and source regions 213A

inthe first transistor 250A may have been forned at

an earlier manufacturing stage on the basis of a

conventlonal maski ng reglne It should be appreC|ated

1. i " I T 1 ~A - oy o e



previously described with reference to the device 100.
Wth reference to Figures 3a-3f, further illustrative
wendsdidgsent s will now be described in nore deted1/USi007/016579

whi ch the approach of a stnessed inplantation mask may

be advant ageously conbined with the formati on of

sidewal | spacers for defining the [ateral dopant

profile in respective transistor elenments. Figure 3a

referei SRR Ldvica! 108 ahd 208S h@@t- %ea.le%%acamd u@&,&z calep\’)hé;)% anPhy processes for

risin ubstr 301 ab rnmed a
manuég dpﬁfﬂ%f aJrllls .reoriﬂ'r? ﬁ@(ﬂ %ayq)g f?rme fo as to enclose the first and

second framssiost HOAZ 5‘-’@)’-\ ah«a‘ela ig @0 ﬂbllsttarlmgn@tiwmas OBrkagsg of the liner 304 may
substzfn@zﬂ%dnésﬁbnama &‘Qn&dhﬁfs& Qéﬁuﬁ&ﬂdﬂd‘ehﬁlﬁg {ha¥ﬁ5nsi3£)35glohﬂ3 lt’Zhj 3B12B. In other

illust gﬁémgg 1mean ge %)Etengloh reﬁé)g 5 l%§p§ %il r}{agl t r %& §r¥ 91 g?)s% a’separate offset

cohprise ive ‘rodes
spacee@%hqw Arlghediper it ewv hitva eyt qperﬁprraw@ra'g’ess @BAguirgd ppthe further processing.
In ondMNu&iAtiveSeMBAdimdnt alrhisk @& BT by ke fgMied aBlve e Ifintl efl s8édbd\iransistors 350A,

350B,F»9n§1§hnft£eomsﬁ 89& %WS&déoﬂgns‘S I.:il ﬁ@ﬁ‘ ﬁlltnnglg gl'egsncé %&J&ﬁ‘for%x]e;tﬁg a specified strain

Ion reglon

in o, of R EPnREp R K 3. BBt Pk oA P%é"’b‘ﬁ‘? With an appropriate
thickrgésd\as to 3Brdin B desibiéd dpadeewiddiCr repedtinespesnylarran famekbefehe tpskl layer 309 in

one obfe trﬁ'rsrsto;shgo.@ @5@3 C’f‘d th8 ehd 2R RE] MasRS 100§ Vils@htS Ic¥mprised of a resist material,

may l?eel? %VI}%H (?% ast 8) ‘ioheé ta tar{cO]'tg%gS P%QU%QQ 7\au(hqe::l' gxposmg &ie second transistor
350B | cthgniagi lapks 369 imoy ibe rﬁomfﬁd phis dagoPRIM apRreprs dk%wyon technique, such as

PECVD Qﬁ&axsaﬁniﬁﬁhmy ifBaukd GlréspdcB@ shifiRe Bagdrgnonktolvn)e amyndtiick @alface treatment
may t%'!b {n o@deL {oq)%vnc%% &L?i}(ed t?agheg ol f5F g’ne %lsptﬁatérgl Y i‘op ﬁaﬁtcmmg the etch

econd transi stors 50B, _whe 310
mask 340- oﬁébSFq"F'u@t perPYl g MR RE Pa‘&"lfﬁ R iifaes B e figh ek 310 in an
anisolrdpivatch ptddessiBiy, wigtdhathealivet 30K Imay e asag sfiiomat etchstep ldwsi r ed

of fset required for defining t he extension regions

2 a0 o S BT S e s e
309, Wessins ingpe aluglemrea:p@ugfnf g@gddltgwman@mpr@mm may hg perfpsmed in order
to SIgHﬁEhﬁfly R34 afyBifesh AMRe RAYspSARE @&Eér@feﬁeﬁdﬂ%k fRM& féfn the mask layer 309. In

other. 1111 Itl('ee 9 bOQlE’nCItltp %lcgl%rﬁelngt{on %F&gsgéﬂ Q% J§Q§n9.&] § as bto create respective deep

ustrative enb
drain ppgh 5opge BBigWS 138, aviyle flcglttloazﬂld a§l§8'8ﬁadt it?egﬁgl?:gttl%trrgaysbs thamed in the spacer
elemeaBGBIB.Wherei n the nmask | ayer 309 nmay conprise a high
intrinsic stress as required for creating a specified

steain, in one of the anSI S gévxﬁeABOO a?ler e anp[an{ahon process 330,

Fuf BHE PRoTEmatetll Hstales) By areg r’ovi
whergim the pspeg e mleandtsmreqm@seﬁ 3438 agy P?Jfoamdaﬂ“ﬁ thy spRegj efeggnts 307B may be
substSAAGAaElasll. df UrthdrMbre [ tRERMBGRaENA 0 S B&kemeleenent s f or ned of

the mask layer 309 in one of the transistors 350A,

350B. To this end, an etch mask 310, for instance

co ﬁtgprp gé &:hspatlaal‘yélg‘sgattesﬁléﬁ s§?\1cmductorﬁiﬁycao'580 m,%;%r%éﬁ %181 sgnge illustrative
emboliinestoVHere, theadevica300 ansmbiectédte af armeAl piorean3Z6sn grder 3GEffgiently transfer strain

from M2 inaSk 1§9&P§b‘§'uﬂ<9:hlé F@ll&ﬁ)@@l@ tenlidcRlRiop E%‘ 3033»5@15 thelfitQ 1@M&lor 350A, thereby

also gﬁaﬁp%%?%?pgftwe bno SI f' recq;]ont}?l,? dI ﬂ?{e ﬁue e?ecgtigﬁ &;ﬁ Simultaneously, the
respepifve rdepant spdefest undhmselcgmd trapswt@qvpﬁ arpy b efficisytby: pqtiyted and any amorphized
portiéie iHeRGEMdy2he @¢-gro WA twhERMVAE) subdtanfdlly rélidee Epatdd lefemexs 307B may not impart an

unwaatreg Qregedin Fx%WX ggg?lppggce%eﬂ\eo%e} nué?l[aﬁtgremt)&i rperngvthgzﬁm@ahﬁ'ocess 326 may be

resi st material used
omitigh e @ ATSPRgU et TR iRndpping fRpchanism in thefiSLERGHIGTEPYA '“i"h‘é" Weclgired- Next, the
maskl 18)¢£309 3R bergeynolrd ajpag tvids the sbacm cleinent BV ig a ofmrdnestch prokess. For instance,

selecnpeS &etsc‘hgmfcﬂ &adh reéﬂéssfa; rQRving G‘shEJSh thr‘mt‘é es%ﬁctsgléito WhR6£ bidxide are well
I ner n e SLO

et P SRR 1 LS B By PL P bR s o
after renoving the exposed portion of the mask | ayer
309, wherein, in one illustrative enbodi nent, an
addi tional inplantation process 330 may be perforned
in order to significantly relax any stress in the
correspondi ng spacer elenments 307B forned fromthe
nask Iayer 309 In ot her |Ilustrat|ve enbodlnents

. o NS o a




wherein the respective drain and source regions 313B
may be forned and the spacer el enents 307B may be
weshasvs al |y rel axed. Furthernore, the etch PEFKSB20016579

may be renoved. Figure 3d gshematically illustrates

t he sem conductor device 300 in accordance with sone

illTustrative enbodinents. Here, the device 300 is

subjected to an anneal process 326 in order to
veaofie 5 fiine ot ALy B ocila U2 Rt Mol e v
309 OPH‘éb‘FSISP§t‘ “t"Péﬁs‘P“s‘t‘%‘F‘aBSOA, thereby also creating a

respective strain in the channel region 311 A and the

g ai'lgurg 5@&%&%@@31@ Qﬁlératc§'thgg4n‘il%§tg%$ Llé{'lce t3b@ in arfﬁr%'ﬁte&ibén&% manufacturing

pecies in d tr.ansistor
s ST PRk G altR R g g iﬂ’i‘us%"&i"z TP 7 41983508 wherin e
mask {dyeT3d9 mayregmpisc 7 Bglyinwings stwsses esqwired fer oblainig amespaliteystrain in the second

wransibi§ B IF GRSk, & eﬁ:mgks.’,flg OéBndtYe ddbride@BAd fesi@d haterial, may be formed to
e R0t ST e R S80S
and thgeetch sk 328 cithevaens criteriaapply @t Prveostyreatlﬁnqdrvd@dtfﬁgme to Prewous mask layers

and ﬁ&@h@fétcﬁ Matks. It BiRuldibe ﬁpret:n&t&l] $6\8dver th&:AndsBydd 819 G not only differ in its
mtrmsuf 5 ess Wlnt l:lg ask lta Il? 309”%% Qyoe i %0.% SB'BA’ erpt%d{n%m@vﬁ @ayﬁ thickness and/or

bacer el enent conmon et
materjg epe@ssﬂoneat U 1. Y PROSEIE & PED SeRFESo" AREHITE af oG respecive spacer
elemen® Coriedirdt OnnsiseNIHPAN §insladly, de mask 1ayer 302 (Bighre 34) mgze haye begn formed so as to

be apﬁllolnjla‘t\eol’ah gxg dﬁ%’c&%leﬁiﬁx&s y@bl whe?e?'rt ablomehedrdiRe Elhf‘oglﬁlge?ts A \@sired degree of
s g P P eeBs oS B 5508 B i nd e

regwrﬁ@)’t'IhFJS@OW/S@P@SWS'SIQ’S 3{%\ &399I haybe advaptagepust HfRFEsPpRfing difference in the
mask [M4y@M1 30,10 9 8nay | el geduitied)i ih latidi@on R ta@érhaiveln$o brdyadifféiréneds Wdldrespect to the

corres? l?iln% nttnggtcngtxgsg H&%eﬂ@\ﬁ@ &p@%?xrxate %Qc,%r ngménl&emg‘%%lfé-mgé on the basis of the

| OXI 3e schematically
ctch sk 2% ot B8 MEHUPSEMO O BHERTEF » BT MR ROt &F caied out in
order&divanegectivada¢h drainand sogree sgiang dn thefirsetrensistaa 38 cond nmask
I ayer 319 is formed above the first and second
ﬁ;g éo csnﬁscgtﬁy 1llH§t’r?gs,lBrgj\a’\{s%glgcfenleJl gtgr dgegxce:qgo%u' tllh A dgﬁ_rctwe spacer eyements 307A
and dcﬁbt i nguneg regiqne 3 13de wheyein te sraran etclnert‘sr\?@% @tep g substantially relaxed due to the
prece&tﬁ@lﬂéfalvﬁ i@ boddbekmerfc Ut ﬂaﬁi’ﬁﬁ’g)ihe regivits 8134  IM6tker 33k, o @Epective relaxation

lmplaPtrzltsonqga%'q\aQ QEPJ ﬁe?fggnegfon the Iiagsﬁ‘l o?gm ”;gllt %re!:xég wcmxep& JnQ 'Ehmﬁge wherein a

transi st or e_exposi n
further gophizadien of R syutogfucs fiper 3 fmthy Bsh P sipE 340 Adn be achieved if a
correspaiytirg r&t9stallinadort hey levebeempaforndasn a pleeiowsaatage. C Fishauidj bg appreciated that,

althowh QlLe)koﬂf@sp@Jdﬁl |1&%War@1¥@lk ﬂlh)n&gsﬂl& t'JauJthﬁ SIn@N&Rntlthe strain conserved in the
respect.i ve et

gate eEeﬁgm{ gb‘%«e a gﬁmfr' c@etly :I;n? d o? sﬁgl\?\én\e} e m?rhtm?ed uht%e chamkel(re%on ZI] 1A. On the other
hand, tehypiginsiotiress it Syill @resnisin thermas eyerﬁtﬁ pihprein @ddifqngllyss '?ﬁh!yrﬁfﬁclem stress
transfehlie obmGdd dua)teme A6 phwimity@Y the ktessedl imbhfe@dl with Respeonme the gate electrode 305B

and tﬁJ@Qﬂef@QLr?‘Bl lbn IJ1 ﬁ%%fus&iﬁb@%&nﬁxeﬂp%sgrbed E'B%L@ rtﬂeﬁJrecedmg anneal process
sition and t I ke her eb Pgr ovid

326 (B‘éﬁF é‘t? m3y bave BsEn Bf’f‘t"‘f‘?’ 5P tp B’Pﬁf"’n"g Neiual ‘t?g"aé'b'at’% FL"S‘ transistor 350A.
In thig ksspendubsefuent antoephizatiog fpracesamay byt parfo@isd An ordpriip prayide for gipraficant lattice

damaE@ﬁtKhe! RYRE wradRiof FoBURE tﬁ@énnémb(m&%m6bﬁﬂﬂzsfc% NB&ldrsi amtSsource regions
3 13A V%e suR m a sp Qstanp ! Hgl:ngrﬂtous %tz tp %vhlsé )ﬁ%x%n}e eﬁ%xent?y r§ Qlaﬁalhzed an the basis of an

erein, n 5
apprageieje anmeab process, thezsRy wﬁvlﬂalaswuis@ highstriey edbe ﬁrarmnﬁ*fsqr d#ftAgas is previously
" explalirled. aTldai’é‘aﬁ&,r @8 nadkadyer Ab apd @€ sdaécPOOA nial) ®e Fed®PRIGH b ¥@nmmon etch process,
whnclgtj hh an P\Z}Eeosrténﬂgégidvaétg%ég cﬁggrggl\llrta}‘lh{ %ses%ﬂcg/eﬁa%&@ Qgch as stressed contact
etch gRPESABHAT 1 di f ference |n the nask |ayers 309, 319

may be provided, in addition or alternatively to any

differences with respect to the corresponding

intrinsic stress. Consequently, appropriate spacer

el enents nmay be fornmed on the basis of the etch nask

325 fromthe mask | ayer 319 and thereafter a

respectlve |n'pl ant ati on process may be carrl ed out in

o,

—+
-




i mpl antati on may have been performed on the basis of
an inert species, such as xenon and the |ike, wherein
wa@200B01dsber anor phi zati on of the sem conduct or PCHYS£2007/016579

303 in the first transistoné350A may al so be achi eved

if a corresponding re-crystallization may have been

perfornmed in a previous stage. It should be

appreci ated that, although the corresponding ion

borbar dnent may possibly reduce to some extent the

strain conserved in the gate electrode 305A _a

si gerprednttheanimufets sequene As #Pagr*bﬁ?ewu*rafeﬁteam@ &igpsgs apf may provide
enhan€daameRdllity RGhdividdlly b&ignioh rdspeetivet dﬂm’er eltyadnd, wherdin glhighly efficient strain-
mducfg%%ﬂeﬂ%ﬁkrﬁ ﬁ%{f 6 §bt$1§eds<§u|e tl) Y Eeﬁlﬁ:@? oi“tﬂzt Bh%e%%e& &' layer during the

erel n_addi ti onal y efficient stress
re-crypiplligaiengirocess. [ishoyldips 6°‘6‘h‘§“‘1"6 b8 P@F'ﬁ%séq‘ﬁPCGﬂaﬁf‘?SPe‘iS’fsaT'h Be performed
for bogitraggsaerd agmebazibedoabovsi For inses@ett dibip atdwougatkegionsoforterof the transistors may

be forntte Bn tﬂ@ dastsr@” SRINN §lacdrE FbRRa3d LBordakte Vit é(Jnl/édﬁJrkﬁgdaéé? techmques
ed above, the Qrecedln anne

There ) A Ryl S Sy MY RS2 K S AR g § g mas
layer, tserhgs ghginghsk bym: éP? of 3ri9anvm¢tformed andrpaitgined so phie opjajngspecifically designed
spacef ERM&KsS In06ne350rfe tralkthoH"l toS foerm ke, reSpeSiivd SREPU@MAIn and source regions, while

neven%gpsg QE gﬁ?tehggntg rm%{ olbtﬁe Qxﬁ&afng!m%%}pﬂn&rdﬂ?ﬁ& axIonurce regions may

or signitica tice I'n the second
be acqoghfATs P oSy ATt e AN I““Spﬁ*‘??c‘b'ggh dgpge of fpiyn individuall
adjustd@ St spacdravidih aicpmisingios with an@nifaegi sredn-in@iEBAmaghanist mby bejaphieved. Thus,

1rresp?ct1$euct? %%FHcés@LehNen@e‘@JdPJﬂ@%v%&e@&@cd a‘ﬁtﬁgﬁ Ebs HRY bd L3RiBveB Kithout requiring an
e on he asl .s

addltlg{BLPlbo&?lﬂgg%phgre]gﬁécrg °FS’P’8‘8%‘§ ? cttnhcgp%g/st tnealﬁsc nfh Wi lr(]:h a stress memorization
technigesgjeot egd-hi gh strain in the first tranS|stor 350A, as
Is previously explained. Thereafter, the mask | ayer

3125n rgsusth ?hesp g\/\ﬁrg?‘n%p Ziéclg@é/ h@rgmr @E@Xg@%é}m‘i} rre2RMss memorization

technigipy arﬁ*cagég bﬁﬁ%ﬂ%@vlwwamf%w‘h@f‘mgﬁaf gg'g'éad"a% PYUEfie prgerein a stress
memagizition aSuste e e rapind aytaddidenahlitbdgophyt agper dleamada $igraficant performance

gain A]dylﬁg achmm%/ &&ﬁé@ﬁy R g&)’n%&@)@ [ Qér@a’égd%rodl@lon costs. ThlS may be achieved

o i O P RE b R BT B R i s
during the fdripation (off extensipmrgzignscand(bi decridrain gnd spyree eesioess t"hve" in some illustrative
emboSiRSGE hn iQ¢reRARIMeSibiliWhE forhifg Rspattgbbpaceebibmdnts@mal bSbbiaien -

i nduci ng nechani sm may be obtai ned due to the reduced

of fset of the strained mask |ayer during the

r eThepieularembogimesiy dprloedave ars utailyF It s i gtipt gy be modified and
practitddan gliffercat Pt cd@iEnsvIwen eppareatytorilyise sldited S8 drei drtyhapiag the benefit of the

teachlggsr feRidTE Hor efx%plb quehprt){egsr@é;ﬁ tsgrtﬁnth Avd faf b DEErALAOME:. different order.

or i nstance pree regions. of one, of
h h , other th:
Furth?rwgre,t ?oalhnéllmg?n(% are mtend[:(:ia 6} th lls const{uﬁ qu)r esign ]grem shown, other than as

deschq:ddeMMaugsﬁ)&@yr 4t 1§)E5\9rafomldprn tlabtéﬁpﬂta:ﬁ)@ree%oglnments disclosed above may be
altere@ @R \nAified AR al6 Pt Sfaridtioashirt Goieilered TWbihabd bw@pe arichﬂnnt of the invention.
AccoRRBYSR! PrABbn s%hg,%x@éuk is SPREGHFIn TRYIRE br;lswvved in a

co n ‘process and a respective mask [|ayer, such as

the mask | ayer 309 or 319, may be fornmed and patterned

so as to obtain specifically designed spacer elenents

in one of the transistors to formthe respective deep

drain and source regions, while nevertheless a highly

efficiently strained gromh of the substantially

anor phi zed drai n and source regi ons nay be

acconplished, as is previously explained. Hence, also

in this case, a high degree of flexibility in

individually adjusting the spacer width in

conmbi nation with an enhanced strai n-i nduci ng nechani sm

may be achi eved. Thus, irrespective of the process

sequence used, the above-descri bed advantages may be

achi eved w thout requiring an additiona

phot ol i t hogr aphy process conpared to conventiona

strategies, in which a stress nenorization technique

|s not used As a result the subject natter dlsclosed

- _LL: . - .



by using an inplantation mask, at |east a portion of
whi ch conprises a significant anmount of intrinsic
W@ 200888650%Iuri ng the formati on of extension regPONES2007/016579

and/ or deep drain and sourae regions, wherein, in some
illustrative enbodinents, an increased flexibility in
form ng respective spacer elenents nay be obtai ned.
The particul ar enbodi nents di scl osed above are
illTustrative only, as the icpygiki on may be nodifi ed
and _practiced in different but equival ent manners

WH‘%\Tp'E TEHMEDS those skilled in the art havi ng the
benefit of the teachings herein. For exanple, the
processAs,{,@p,a cs.e,pnsfn@rth above may be performed in a
| n {:OVCI'(IZP& 6 f{rs(t) rigﬁ)n reaelvm Qopa?q%%ecfes ? rauttl'ft conda Cthl(t))(’jégc mg semiconductor 1ayer
her ei n §193\adiacent tha first gpsarlegisode 98AY lrywefust |lrnP'1rWé°rtm§k (h§9) comprising a
bel ow. kgecifiad firi@f@fsiokeesgVvi dent that the particul ar

goﬂgﬁﬁngguacﬁogmé Los&d BRAY ConTBYiviREypeBhib &1 nflegion adjgcent o a second

such Vari ari ons ale constder 6 y )

t he scof¥e gerodsfPiBY: spid sorrd FEEoRPRt PERe covaed b Bidrigtt ymplantation mask

t he prot®era@n sought herein is as set forth in the

C! BirBin SO WO RLOLOAAT P/ HSRANT BRI, inbce.

CLAI M5 WHAT 1S CL . A method, conprising:

covering a first reglon rece|V|ng a dopant speci es of

a PBir st Teometbrgtdfelainy 1t fygther ¢ampasingfeimeing &l slecsssd matgyad fayer and patterning
said s{rdsed)mateeth1a581Nn the®adis It keSist rikak @ 1 ®E B HNBmPRARDBH mask (809).

first inplantation mask (109) conprising a specified

first intrinsic stress; inplanting a dopant species of

a decondhcBARIALICRI™ & ‘t’*ﬂﬁ’é‘ ﬁaﬂt’?f‘séms%db’r? 'sr'é"g’r‘%'i‘Fd when implanting said
dopara efjegiestfithe s@odl cosivaivily tygat e el ectrode (105B), said

second region not being covered by said first

| ant gt i on sk .(109): and annealing said _first an .

soBond Jis, PRREPSH o S EPep SRR IO ChSaEs g adhesion
(108)jfer aphsefeeate@l abpyresaidestrésend maferial|laviemrand deppsitinglaarsist Bygy1i1 Q) ahgye said layer
of indr@te@ bl ccndhdsiof 8990 Material | ayer and patterning said

stressed material |ayer on the basis of a resist rrask

(110) to form said inplantation mask (109)

mefhod &he Bythad 9f gaim ngf‘@r PPIPEFipE eEQYing sai an(amwaswo%

mai nt ai ned when inplanting said dopant species of the

Segond Q‘ngﬁ;dlo\{bl&% 1t YoAfer cé‘mpn-gﬂg fdtkn Qgecgltd nﬁ!l}lﬁﬁt{nog mask comprising a
urther co sing .formn | ncr‘fase

secong SR CSUESIT B hOnd B s SUEE RGP SO0, eposing ssid i
region, giptgpdytinecspide dppam tspciea [of [theyfirst eondpcuNitydixmet infegsaid ¢xpased first region, and
annedlify Q1d f{rst &@jon BlARVResERé 6F al BYLEL streREd portdh 0BG RIGectAl ifnfleation mask.

adhesion (108). 5. The nethod of claim1, further

conprising renmoving said inplantation rrask (109)

Thé net ABUmSRodof dpify 61 Whergip ‘iaH’eSF°°B?)Wﬁ’|'?1“‘§}‘?1’g“ﬂs‘6’rs ﬁ‘i‘"ﬁ@d %E’°’ to said dopant
specigs@f tha frsi aopduativita typobeingasckiveidypeid Sistrggien. second

intrinsic stress, said second inplantation mask
coyerin s%’g second regi on and exposing said first
reé‘i on, Mt rodierig®sai d dopant species of the first
cogeduring @ tfiyst (dgpaat ﬂm@ igtgj agtiratxipppsisel @7943 while gpvsting mppgond transistor
anneal i EIoBRByh first ifiblaiitfph Gidsi Q1) QiDAASAPERatRH ndik (219) comprising a
I east aﬁ?ﬁ#ﬁ@:ﬁsﬁ@&n&ﬁa‘ﬁ' on of said second inplantation
mas

of claim®6, wherein said second
| nﬁ‘f“ﬁ"r\‘f’&f’ﬂ‘%ﬁ‘shﬁ'élée‘i"gd FHrited (%95%?05?'6 iR s f5pisppfantation mask (219) in
speci espte.t he first conductivity type being received
by said first region. 8. A nmethod, conprising:



introducing a first dopant species into a first
transi stor (250A) while covering a second transistor
W@ 28B)6shy a first inplantation mask (219), saPdr/iB2081/016579
i npl antation mask (219) comprising a first intrinsic
stress; and annealing said first and second
transistors (205A, 205B) with said first inplantation
mask (219) in place. WO 2008/ 016505 PCT/ US2007/ 016579
189 9. Tl?ﬁe HS&JQ%@'olQ tn 8C h@t‘xépc?m?rrsﬁgg‘%gngggweh%a régal laryer fo]{mmg a layer

ormn tresse teria rmn

of mﬁfﬁtﬁfie%t%aeca %W?&é@*bdwé% saith St(ezsz%)“agawéves &rdecgtvwésf's'@ﬂst material and

pattertiag @idi fadt irhpanetiod @ask (20 )ein egsisaof b &SisSilaskIR2 B formbd fomtlsaid resist material.
patterni ng said first inplantation mask (219) on the

baS|so resi st mask (225). . formed fromsajd.r
er I a{l‘ hodjeﬁ §la%§: H”(Sl 1 fz %I’eé‘f‘rﬂ“’ék (225) A giawtagm Li? &Len introducing said

ﬁrstdpl@msstmenrask (225) is maintai ned when introducing said
fi rst dopant species. 11. The nethod of claim 8,
" TRORRAPLE Gk 0L Tt AaBSERR iR SR SRR, mack 09
°°mP§sét$oh éFc?ﬂ?p‘P‘a'ﬁ%"aF‘reéh stith sseord2iyplantgygyoRask QZ@A F’tP°§%E’c gifpysecond transistor
(250B) BieNBiSihPsaid rRaAR)ston (205 £)Mesdutite Sitdid Hopaiispdcieini ssitl &¢cond transistor

(ZOSBQ MCBlungLlﬁ (ﬁgpﬁlld Q&?l%loﬁﬁs%%gamo %l) Wr&&c& Qﬁa@le&% Q:essed portion

second transi stor and annealing said first and
of saidseeqgr 4rnianitier Besk (0% 205A, 205B) in the presence of at
| east a stressed portion of said second inplantation

magk (Zﬂ%ethoa-%omﬁqsmgt hod, conprising: formng a fi rst

(g@bﬁgﬂgtaa rlatqylglamatlon ‘nas%g)wgto tc’Fpé’% a%e ttrans:s{oééég) (? cove&a second transistor |

first i@pPRntetlird ﬁnnlmgkon(mlgyl?iswmqsw A §rsetye of ingringig preess;

Of inirduéind)s ikt &bms;&mes ih Bdid OEiEingigord290iAl) it thel ORIV said first implantation

speci es %@( f.@s first transi st or (250A) on the basis

of said first’inplantation anneal i ng said

setBiling Sr"%?ﬁ%ﬁ"%“l ‘8‘?’5‘?‘? 5HEP W“tsﬁ’d §5f 'cS"Pf“'i" tign magh SR ERIACEN

mafokmifgd Syond impldngatien misk (39Ptg ceveswriding transjsloa(26&Y)iaahexpose said second

mask  ( 208kisthO2568Y Shid S&bsl ifnblhsthtioh &ﬁﬂ@gz@d) Qsm;(raégé\)secamype of intrinsic

expose said second transistor (250B), said second

i mpl ant atton mask (209) conprising a second type of

| niPireduginga serppdedapantisprcied duEidhyewd eedind (ROBaRT thepedt efsaid second

I N sai dinpeaatch rhasa2s9)sindr (250B) on the basis of said

S emmng dafSH R B s DB s TRG WAt Laf8dona AiphnRISNGHRsk Peg)smsie

first transistor (250A) wth said second inplantation

mask (209) in place. 13 The nethod of claim 12,

whi¥ ei nTheamahodiof slaimt \2pwhepdin sajut firstiigpe ©f Eitringig streisssis @ tensile stress and said
seconll BPSlifrislcls08S isaB6mmakitk sssgcond type of intrinsic

stress is a conpressive stress. 14. The method of

claim 12, wherein said first type of intrinsic stress

i sldg Coﬁﬁ,%@d\péclgitnrlés\ghemaid It typg@fd@tﬁ'epiqs};rﬁ isgf compressive stress and
said séchiid tiyRSif titrBibit &18:Ss ik Stemsilé 8RS | € Stress.




