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regions are annealed in the presence of a stressed portion of the first implantation mask.

According to another illustrative embodiment disclosed herein, a method comprises introducing a first

dopant species into a first transistor while covering a second transistor by a first implantation mask. which



According to one illustrative enbodi ment di scl osed

herein, a nethod conprises covering a first region

recei ving a dopant species of a first conductivity

wopes/#esa sem conduct or | ayer adj acent to apbicfisteegalsse

el ectrode by a first inplamtation mask which conprises

a specified first intrinsic stress. The nethod further

conprises inplanting a dopant species of a second

conductivity type into a second regi on adjacent to a
comBREQI st G ic alkBC ti\ﬁd?ézear L!\M)\%mgd &mgxhs%s ﬁ%%%erﬁ%gémq Rech® transistors in

the d?&@me?&‘éﬁéa@tq spéésezl E&‘ (lj\ OF tﬁe t'rst E.rrp llaalg Eo%tn{ag(n mask. Final | y;

first and are annealed in the
presence of a stressed portlon of the first
[ nmcaﬁn‘iiwtp gt appiiskillustriif> QOO8HO1E5BSPEFLUS200V OhEB#&Forthing a first
implG:04PK nS€ o ékpﬁsle & Sikst h‘ﬁﬁzﬁtﬁd}rr&ﬁd © cSlef £§3§ond NQ{S@&V @ﬁefemt € Girst implantation

masl[r&)tnlagsds gﬁlqptwesbg rﬂ)gp% I rllgrthQ re a {‘ r? tdOpaa geme% 15 m%oduaed into the first

pre ence o
trans&gf ?I] Lh basﬁ Oftll‘ifi gn “?’?T““P‘?r‘ﬁ?%n‘f“éf‘ﬁ“%ﬁ trﬁ:ﬁgtkr is then anncaled in the presence of at
leastpcsisesped iPPIGON O st Avntrniiéon miadkd Ugdiricubliv scennth ebionetivh mask is formed to
covegling GlsoS@dstdr@fidéxfose e BRbIA @hsEONPhRIrSECHe ﬁe@cfnﬂhrﬁk&anﬂncfnl haS comprises a

sacohd@e%ﬂk@hdx&%s@&ﬁ&e&v& m%o%pﬂ sEéc[e&g mt.r&ﬂ?zﬁ IIl’l§0 ?Qe SEC%&HTB}:ISQS(OF on the

basis o(T)'Y}]e sec?nds rerlglgnQatlon [?a clS tI\ ft rg. émrglstg)xie xl? gnlncatleﬁ brbth:b?resr:rﬁef Pf‘ ahgiaséa stressed
""“‘g‘i ?f€§§c“°‘1§UFR'W€f'?FUF3é“ a f irst dopant species is
introduced into the first transistor on the basis of

BRIENBESCISTIONDF *ikdRiainGBSK. The second transistor is
then annealed in the presence of at |east a stressed

POFhd Qﬁlgﬁxfre 1&{&2}; tthe§Iood ﬂpiféﬁteazg kHd rﬁollm%c}es&%% 1;alkegxr]ﬁ!ccln}(lnctwn with
|
the a%o%;?a%? drawnpgs in wf%a ch like regr%nce nun{eﬁ:rs 1Jc%)6llka ellgnr': ﬁsan%lfl ggach

rSt  tTansiestor an € sec
wherein the second |nplantat|on mask conprises a

sefwnrd taylpecherhaticatly fllupgie crostsecd@l, vidvs b O @iffpred r8@i6oM during various

mand@RARY stHPL Gl ®Fnihs drid tahO HIRE @eg,loﬁﬂ & tb %as%e&‘anQessed implantation mask

aCCO‘tdrﬂQ{as!llug‘Jag% e%o&rn&tskagéeséi hgtfemt he second i r‘rpl antation
mask and the first transistor is annealed in the

presence of at |east a stressed portion of the second

| mbiEdPt 24toF steTrieily IBRPECDESERRIPZOR, CRmiTHBuBRAMNNGSIng various
mamifio@righ mésdsﬂﬂcﬁniﬁmydebﬁanumt’ siiQeth By ssuek @GERRC @hdrdn thb @uplantation
sequdn€® HOWE: B:Qen@i@:‘s Qzﬁﬂmp_;t ik Qé?fomg 60 ihk: BasERla UAGLeh %IQMaLJ?n $ e according t0

ﬁ"mgggaggggxh%%mmg%gmﬁ breman(yvhlch i ke reference

nuner a e elenents, and in which:

Figures la-le schenatlcally illustrate cross-sectiona

Vi Egesgi-3f whenghidafle illesybte p pearirskdettardgvigtindinggrarioay in@UBcturing stages in
defint¥g Ritlira @ikl UHkr@g reBib@0@Sthé Basl &F Ia Nkrbbgd bl dRatiah) Ghask O Whebein the respective
lmpIJnganQQ§< aQE‘sn&.Wé}u Q)@&}s%m? Ec f@nﬁ% rr{)g%&glgon p@%?&%@&n&ng yengtﬁ'er tlustrative

cmboﬁnnems éjslcpgdslerem ustrative e odi'ment ISC

While the subject matter disclosed herein is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and are herein described in
detail. It should be understood, however, that the description herein of specific embodiments is not intended to
limit the invention to the particular forms disclosed, but on the contrary, the imtention is to cover al}
modifications, equivalents, and alternatives falling within the spirit and scope of the invention as defined by the

appended claims.
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114, while in other illustrative enbodi nents the |iner

104 may be nmi ntai ned when the respective additiona

maski ng effects during a subsequent inplantation

process 115 nay not adversely affect the resulting

| at eral dopant profile of the respective deep drain

and source regions 11313 created by the inplantation

process 115. In the illustrative enbodi mrent shown in
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process and activation state, whereas an undue

di ffusion of the dopant species within the respective

waxtoensicoy regi ons 112A, 1128 and the drai n apgusavl&gso

regions 113A, 11313 may besreduced or suppressed. In
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channel region 1118. Thereafter, further processing
may be continued as is described with reference to
Figures la-1d in order to create a respective tensile
strain in the channel region 111A on the basis of the
stress nenori zation techni que descri bed above. Also in

this case, respective stressed overlayers, such as



material. In other cases, the |liner 104 fornmed above
the second transi stor 150B may be renoved conmonly

with the surface |ayer 1013 and subsequently the

waaeareh®78 and the mask |ayer 109 may be refpvefod e

common etch process. The rgnoval of the spacer 1078

may be advant ageous when the spacers 107A, 1078 nmay
have been fornmed froma stressed spacer naterial,

whi ch may conprise substantially the sane type of
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i nsul ating |layer 220 nmay be omtted in other
illustrative enbodi ments when a bul k configuration is
consi dered. Furthernore, a first transistor 250A and a
second transistor 250B nmay be fornmed above and in the
sem conduct or | ayer 203, wherein a correspondi ng
i solation structure 202 nay separate the transistors
250A, 25013. Furthernore, at this manufacturing stage,
respective gate el ectrodes 205A, 2058 are provided and



Figure 2b schematically illustrates the sem conduct or
device 200 in a further advanced manufacturing stage.

A mask layer 219 having a high intrinsic stress, which
woyobe eppropri ate for enhanci ng the perf or papgg2@f0165m
the second transistor 2508, may be fornmed above the
first and second transistors 250A, 250B. Furthernore,

if required, an optional surface |ayer 218 may be
formed on the layer 219 in order to enhance the
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reduce diffusion of the respective dopant species.
Thereafter, the mask |layer 219 may be renoved, while a
significant amount of stress or strain is stil
conserved in the gate el ectrode 20513, as is
previously explained. Thereafter, the further
manuf acturing process may be continued by form ng
respecti ve deep drain and source regions according to
a conventional strategy, when an additiona
stress-induci ng mechanismmay not be required in the



Figure 3a schematically illustrates a sem conduct or
devi ce 300 conprising a substrate 301 above which is
formed a sem conductor |ayer 303. Furthernore, a first
wiornamsileter 350A and a second transi stor 350BeBUS007/6016579
formed in and on the sem cenductor layer 303. In this
manuf acturing stage, the respective transistors 350A,
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sl el B S o5 f?*aﬁi%gt PO s GRDe BAe exposin e s
transistQy 35 Ardarttipbip- dhe respretiverastion o BerasB BEEr Aigyoried trreatpvedled wit h

an appropriate thickness so as to obtain a desired

Sp ﬁ@g@fdm@ﬂ adﬁtkhufaaﬁnnﬁ %&Qgg tférvignﬁa%a@lg riaya'ls OnE NS b OB isO0hask 225,

subs%@ ?’gﬂ§$m cﬂ%gar apé prevsou T'(]:nbed wﬁh %sffacrt] &Jltﬁcétcgmp%netnts Qﬁ% 108 and 110 of

the dgiiiP wabpuagn G AN S AU
transigter, gho ek lafep? 19 iy ba preddedtvie hfgh certprésyi@ngess tnorde8&@ain a respective
straihifi thk €ha@ie POF6AT t 1. NS RGO hel 1ahdr NS bl 208 mBHH Femotda o MBS irst transistor

250A| tﬁy}ﬁrbaéQ)Q ar’}ay (Qaﬁati Q&hq&gn 69:@ uts ngthp@§§t ﬁlasQfZZSaa@Xn etch mask As previously

expla\AE(P i rhly sapgus n.ap 9 Pt}‘l{rgflappy E_FG%PI%L&S éeamre dPe té’g‘@(h}f' sc\?]éd transistor devices,
the f%‘ﬁfr“taatz’és r“aby‘érfm(“tfbt“ thetpesfiref 2 1PS'2Dfiy)'y olefeired surfesecepegraphy, which may be
obtaiter e@thereasit ofvyitidod sgpafidiad mamethl, sueh ey pdBhertn@ieal,onhictl @ag 418 act as an anti-
refledil@SdostRgl (AR @Staf Or the resist material used for

patterning the etch mask 310. Subsequently, the mask

g be patterned on the basis of the etch

g PSR dpricg cedergipemay g apapied portions
of the srgk |ajan @19 28Othe syefyee atr 268 itgrevided: prdiderivg a by instiooptidngyoedss 227 for
definin Gre@ivabuaadhetiht DAk iy hbuShsisat B9A LR OhicaNd ©Baind30nask layer 219
and Lﬁef xreﬁgt nla&H3Y 'nQQ actt Q@an@ﬁ:&gﬁﬁ% ngsrktﬂa\qmg lQII pa}:}gﬁedm%lawayﬁras a highiy

rative
“m““p3thgﬁg$ ﬂkmﬁghf me Ece@%e§§ﬁ% y be perfornmed

in order to S|gn|f|cantly rel ax any stress in the
correspondi ng spacer elenments 3078 forned fromthe
mask layer 309. In other illustrative enbodi nents, the
i mpl antati on process 330 may be designed so as to
create respective deep drain and source regi ons 31313,
while additionally a significant stress rel axation may
be obtained in the spacer elenents 30713.

Figure 3c schematically illustrates the sem conduct or
device 300 after the inplantation process 330, wherein
the respective drain and source regions 3138 may be
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i nstance by providing a silicon nitride material as

the liner 304 and by form ng the mask | ayer 309 on the
wWinBg016$0ssi | i con di oxi de materi al . Fi gqui-®sa87/016579
schematically illustrates tshe sem conductor device 300
in a further advanced manufacturing stage, wherein a
second mask | ayer 319 is forned above the first and
second transistors 350A, 3508 wherein the mask |ayer

313:@;@/2& UBhAiSAy QIIquhg:Q uxen&cmc@ Shef agtak eaasanﬁeax 5@% bRin order to
?r : élhzg?xtst%%)rga!gggg%%mgrgasy ? F]oen}o% ?ﬁhert%nslﬂsto Eﬁhnne thg ptgﬁgce oF the stressed mask
layey 118t GReRauEtnFe F“é@ﬁi“’%?fy%‘“\"%ﬁ‘@ ! Py tbe Fer e “ﬁ%l? Slﬁé'f? W'ﬁ‘é’ﬂ“"h may
also b@effpaney rantfgres @eoirdhdnnchginis1i0B, 285 BBvigvaly kxplagxd OStiRgnordi@iring the
annehil [gr§&sst2r2@-n§é &E;;@&w@@c@ﬁ{ sa&n‘ishin MRSHR Ghd tQonl hﬁnml(ZSbﬁyﬁbB may be

effi cxel:!ﬂ? acp vatc]:i vﬁml%tnclﬂ sg@és ngéé erg P%m@n%ngdvgnc!:dt tg{hlugxegalwa ¥s !Es%r -based or

I ous 1 ai ned VI OUS
ﬂ“"r"&V& P%‘c"‘éﬁ‘iﬂm?y% iﬁ%?: Piover ‘%’Eeﬁ‘ﬁ" ﬁ‘iﬁ‘é‘;l{’g of ‘T‘tfesgﬁgtﬂ dﬁpabtép“‘es Thereafler, the
masiappr @8 adyed, rerinowe vhile a sighifitant dreumabiress gy erin3q Gillrayserprdtin the gate
elect@iab Yo58] 4 fisGreviolislyl deSlaihell THeRBitef; 1 UrBE SnahtREN kg RocBBEKy be continued by

fon‘nlmiy @spccﬁ&gde%ugmim r§e reggéng a&:!‘n’d né B é&ﬁ?em%’l?l%@%éﬁ? n\tﬁ%n arl Khditional

er th ness and terlal .composit
e s YR B B0 TR RS e RSP PT 8@?’6?"1“?“‘{“;/“5 such &5
steesper] fvotlamgrngnd digpidiet pvE wpriedy defcaindéntly $tbpr itigemipg eghodiments, the
maniific@RiSg fb@Es 3y BAconBiuad dsay grapjouil N @sdnibestievith ayf@enc30Figufes guiide That is,

dunn?gq%nnm oh&&?dr@ﬁa%ﬁ‘ sotnqg g‘us §1Qhe&§st trQrszQ@‘ 2@(9@ b Qpags'e@tnglmfté?ﬁn mask may

i
be used in on{%r o arso aepp é/ nlg stdess men{oniat:on te érgqure éo dtlie irst txgrg:stgf 25&)? rhowcver in a later

ma \'fﬁ’y‘“z% %@e Bé‘sﬂi"ml"c‘f&éﬁe 2For instance, if a di f f er ent
| ateral profiling of the respective drain and source
I e GigQR e kdheddi@alld 1 ShteA RO SQC00 ko BiRS la SEr@E R RADodBRAB Here, a

respm spgseg%%ﬁég%g §L§551b rq: &Eﬁy%ﬁﬂﬁ) urm g'hpfnfagggg.i?gﬁedl snrfatcpﬁyer 208,

It1aon or
o 5 PEIHAFT B e SR PreemoDen e B P poop i Rt sk 20,
as arcimp}aggigme I‘T’d#kl’f@f ap Fprnianigtion grosgsy B4 $or fining E?@HE@’N‘E fia?p drain and source regions
213 PP pledratt iBnSRACEIB. efte reRb®ndiydeheddio hmeaduod reglae Dasiisthe first

trans%tor Ed@ﬁ nﬁt&r ﬁ:hle U&§Km§’é@§[ afl 4k &R@famg sljigéxle{he ghl@ omgnvmhoml rnasking
reglme el( S\ lgg ger %papre([,ld Ldp%?‘ihle Yo?l bfm%rcﬁx@gtﬁgge 0{;1 :Q&ugg t%e srre(g:rfa c\énsi;]rveg ﬁiathe gate

clcclg;&a FQ’Sg Y"Eé:@ﬁ”bwe}’eﬁ atsH;élﬁ$aptl,a§10urlt P%’ﬁ%‘%ug‘ﬁ{ﬁ%‘/"esﬂg&&ﬁ be maintained in order to
provige g uesrect B¢ stgmtretherthinod kdzipn 2 {1BuSlhcreaites Sre rdvigt igeid 1€ ondirctnoped and the
devi€be30 Gy 38 Qnivhitd) tffex@@p&&tliﬁg\/ﬁ reSRALE Eira@ Eﬂﬁﬂ&hﬁm@ﬂ@@mﬁﬂd;&, as is also

pmvga@aascmq SROHER R L& RNG 1FL3A wherein the spacer

el énents 30/A nay be substantially rel axed due to the

precedi ng heavy ion bonbardment for formng the

r egYidnigferSEg & Figupgs B’t%é\‘“hefa@’é@“”%“\*’%‘%‘ﬁ“éﬁt“i“b@“’rbé [Mepsrbeq i pore detail
in whiphptheapb@ich 0N: wresyedapt@tal@emsipes/fve rdvedizens!y trenblabwig: gl formation of
side N shddG¥ for BRGR BJaters UGN PR 1K BNQPec@REarlsBEr didnls@s. Wher ei n

a further anorphization of the sem conductor |ayer 303

in the first transistor 350A may al so be achieved if a

cori f%?ﬁb??&‘f"i?@wl‘%’”‘t‘if‘?"s“f’ A3rigondytpr ‘“?fﬁ?/o Rgerisiog @ gystrate 301 above which
is fop@pfa(;pmtgandqcmr ayqn BeW| Fgglg:ng:[rcag dirst frgusistdrFG0 Adarlde second transistor 35083 are
form3P{Al8€ brodh€ ehrbdBmiisioradyt MBI thibh RadeQEWRE PARIINA gsge@ite transistors 350A,
3502 QRAL AP R %Q%&Joﬁé ¥05Ae§b5'19 ?onﬁe@ o§§£‘f€qnsﬁ?§$o%%er§ §8a, 3068, which

strain conserv [ ectrod
sepagfeqfip FTSRSEi Gifotiit oty 3%“‘t"‘r ﬁ?sﬁ* FF%P;‘/ "B‘ées??ﬁ? ?Ft &Waﬁﬁg’ﬁgﬁ’“st fida, 1B,
Furtkehmang e*tenplgg{e@ﬂns F12A, Al2Byppy oy @nmdﬁ@pceznaq—]@e reépeﬁivg phannel regions 3114,
IU1E. NWVEth REed 1S thE 8BHoneds Ebdribdd spIf@Sigrsbmd quitdiln @pplyas krebiggig explained with
319, wherein additionally a highly efficient stress
transfer is obtained due to the close proximty of the
stressed material with respect to the gate el ectrode
3058 and the channel region 31IB. In the illustrative
enbodi nents descri bed above, the precedi ng annea
process 326 (Figure 3d) nmay have been perforned so as
to provide a certain anount of strain in the first
transi stor 350A. In this case, a subsequent



As a result, the subject matter disclosed herein

provi des highly efficient stress nenorization

t echni ques whi ch nmay be advant ageously conbined with
wackdidiiienal strai n-i nduci ng sources, wherei NpgrgtfBs8 6570
menori zati on sequence may @ot require any additiona
l'ithography steps. Hence, a significant performnce
gain nmay be achi eved while substantially not
contributing to increased production costs. This nmay

referfie @ HAIAONRI] 0D ¥ndUS. N@enéa jidmjzcﬂfégcﬁ;ttﬂ.o@& tﬂ&&:kmpoﬁémslaﬁﬂﬁp p@cesses for
manmruhhé)tge QiInc Wﬁll b%QIngqgrp &‘[01%(?/%:‘ ]lmer gdllnta% %ca E)t c§ so asrlo cnclﬁsc the first and

nsi C
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subsarialbongmespdni tost desitefl vBseenbad] fredrfigng thnexicmen eg®ed3 124, 3128, In other
iltusthaki @Xduldbdihdnlé, thiextcRdidil BGonk @ BPECIZBVRY SPRERE of 118 BRALS a Bldrate offset

spacg?nop{%\m) Qr%q}'le tiner 304 may. hlgfeu Q)Q{pgﬂo?rﬂle%rzckﬁegpag QJSHEE Fo? the further processing.

di;scl osed above are’i
In-one ik Y"c?ﬁ"’?f‘éf?ﬁ“bé “hsdrs ¥ mantf fﬁ?“é‘&?"i‘%ﬂéb" firh a’&‘n SPIORY ERtistors 3504,
3508y whereirfhd sk lerst 30%emnemprisggphizh rinsit wyess ioswiradfgrictentigs ¢ gpecified strain
in ore BEhATAnsin@Y B3og, 1shB. b@hefubte, 16 mish @ydr 8@ahuy e Srofl@dd @it an appropriate

thickhQ¥ so%mm.ﬁa adhe sﬁgamﬁfoskss&%vég&er efarnm faii?@a/& a{msm@yer 309 in

ove P Al oeB) i B of B
may by praYifed 60 Pt coner AR JISERECHEY BirasRASOACY e Frrpeingrincageond transistor
3508 eBte miabledyer 0%t hey @l farinia® ol ele dwgis dftany Sppofr@rcak@rigontivdhoiquat such as
reCUB herdiNQiaRah iy, Q’Wq@&deﬂ'ms@@h%ﬁ‘sﬁ%ﬁe ﬂ}eﬁﬁ&»t@ﬁ(ﬁg) ARONE N BYHach Beatment

may 94 é]?fl(’) gd ;‘%r mlt;rI:D di Io!trlgdﬁxg‘ Qegxre adhes‘?iynglhrt earrésllsayatonrz]a? J t%r patterning the etch
ere % e an ? th

masky H{}el’?t“?si)‘i’fe““ﬁd% ok Hfarfy]"g R bbPii'f‘é?f’t‘iﬂo‘ﬁe %‘&@H‘e Feh @psfy 310 in an
anisorepicgetch gragess o f tvherfimthe hier 34 iant Heb Givient e styifapter. | s
claimed is: 1. A nethod, conprising: formng a

fi iaam mitemtcaty iRRRBE 4GP aﬁér%oangpce&gw fda§Gribd Jfglt: mask layer

309 b, W S S PR R QUBPY 0 1 P T iomed in rer
to signRIRY SRy &b iy S cqgarendie enseer gees S7REImidrtog the mask layer 309. In
otherS BRI O GkCLIO¢nts| ﬁtyﬁfplaﬁfﬁtlcﬁal't:dessmn@@ BOldtSiEed soakd Wi G@tcabiflective deep
dram%@@ﬁx{:ﬂgglﬁls Sﬁgoﬁﬂle Ei@ﬂiog:niy QQI’@EF da%'s@@s z@[aﬁ@&@tﬁg bga;té?rxed in the spacer
e]emgilts%; ode forned in said sem conductor | ayer of said
sem conductor devi ce; i npl anting a dopant

speci es of a second conductivity type into said

expeved stwotdly degirgrs bdjcacendtettr devia P dlecmidpigattieon process 330,
wher@th @€ kds@€tere Whinlaed SadedrchibksSt 38 ARG R Morm&d HOVR rs;ﬁEt:r BYm&&I 3078 may be
substfxrlu!‘xiﬁ/trcl:lxmglF@%%Peotne Q@l%sk AP Q%e ré?rgveﬁal d first and

second regions with said first inplantation mask in

pl ace; _
F:gurc 3d schematically illustrates the semiconductor device 300 in accordance with some illustrative

gt ftgr Tsézn(gfcorhpnsed of a resist material,

embodiments. Here, the device 300 is subjected to an anneal process 326 in order to efficiently transfer strain
from the mask layer 309 into the portion of the semiconductor layer 303 within the first transistor 350A, thereby
also creating a respective strain in the channel region 31 1A and the gate electrode 305A. Simultaneously, the
respective dopant species in the second transistor 350B may be efficiently activated and any amorphized
portions therein may be re-grown, wherein the substantially relaxed spacer elements 3078 may not impart an
unwanted stress during the re-growth process, In other illustrative embodiments, the anneal process 326 may be
omitted when a respective strain-inducing mechanism in the first transistor 350A may not be desired. Next, the
mask layer 309 may be removed along with the spacer clement 3078 in a common etch process. For instance,
selective wet chemical etch recipes for removing silicon aitride selectively to silicon dioxide are well

established in the art and may be used in this case. It should be appreciated, however, that other strategies may



formng a second inplantation mask conprising a
specified second intrinsic stress, said second
i npl antati on nmask covering said second region and

woxXpesiipgssai d first region; |ntroducb@gmggﬁgmgﬁ9
species of first conductivisty type into said exposed

first region adjacent to said first gate el ectrode;
and anneal ing said first region in the presence
of at |least a stressed portion of said second

be a%ﬂpcj ﬁ)p&?lgrlcg F&Omé(mg a s%con nhr?de ngtenaﬁ) 95 tge !u]u‘ 4 andlby 0! Mg la’\% mask layer

a stressed material layer "an
309 ‘f,‘i‘a’l“’tbé?‘sn‘ifh’gw§g’l"ﬂd%’fal‘eé@sed material |ayer on the basis

of a resist mask to formsaid first inplantation mask

3. Fighe 3eedhbilcstd itGdudkdMelemithi@lcdl Mvis@d0ld if LSt 2iBSH mabufacturing

stagcﬂ@he‘%rﬁl sg%ﬁ% r‘ﬁ%g Hye‘r g@l ﬁﬁ%kmoé @lle q’trsda%@&@&nd %@ﬁbzlg §50Qf 355E;]thrcm the

f
"“‘5‘? ’6’#"{ 2@ reg SHEY S *h?é' ”i‘"é%r‘ﬁv‘f“'?fg“ %8‘1‘“%3“ f"F P%at‘“"?grf‘p'r‘sa?ﬂ ‘é&sf“&'h‘“ the second
transiyigs RSOBr Fasthergrefan cigh megk 3331 far invepesrvamirispst of m teaitingierishergii be formed to

cover the second transisior 3508 while exposing the first transistor 350A. With respect to the mask layer 319
and the etch mask 325, the same criteria apply as previously explained with reference to previous mask layers
and respective etch masks. [t should be appreciated, however, that the mask layer 319 may not only differ in its
intrinsic stress from the mask layer 309 but may also differ, in some embodiments, in layer thickness and/or
material composition and the like, thereby providing a high degree of flexibility in forming respective spacer
elements for the first transistor 350A. Similarly, the mask layer 309 (Figure 3a) may have been formed so as to
be appropriate for the spacer elements 307B, wherein, in some illustrative embodiments, a desired degree of
stress may also be provided. For instance, if a different lateral profiling of the respective drain and source
regions in the first and second transistors 350A, 350B may be advantageous, a corresponding difference in the
mask layers 309, 319 may be provided, in addition or alternatively to any differences with respect to the
corresponding intrinsic stress. Consequently, appropriate spacer ¢lements may be formed on the basis of the
etch mask 325 from the mask layer 319 and thereafler a respective implantation process may be carried out in

order to form respective deep drain and source regions in the first transistor 350A.

Figure 3f schematically illustrates the semiconductor device 300 with respective spacer elements 307A
and drain and source regions 313 A, wherein the spacer elements 307A may be substantially relaxed due to the
preceding heavy ion bombardmemt for forming the regions 313A. In other cases, a respective relaxation
implantation may have been performed on the basis of an inert species, such as xenon and the like, wherein a
further amorphization of the semiconductor layer 303 in the first transistor 350A may also be achieved if a
corresponding re-crystallization may have been performed in a previous stage. It should be appreciated that,
although the corresponding ion bombardment may possibly reduce to some extent the strain conserved in the
gate electrade 305A, a sigaificant amount of strain may be maintained in the channel region 311A. On the other
hand, a high intrinsic stress is still present in the mask layer 319, wherein additionally a highly efficient stress
transfer is obtained due 1o the close proximity of the stressed material with respect to the pate electrode 305B
and the channel region 311B. In the illustrative embodiments described above, the preceding anneal process
326 (Figure 3d) may have been performed so as to provide a certain amount of strain in the first transistor 350A.
In this case, a subsequent amorphization process may be performed in order ta provide for significant lattice
damage in the second transistor 3508 afler the anneal process 326. In this case, the drain and source regions
313A are still in a substantiatiy amorphous state, which may then be efficiently re-crystallized on the basis of an
appropriate anneal process, thereby inducing a required high strain in the first transistor 350A, as is previously

" explained. Thereafter, the mask layer 319 and the spacers 307A may be removed in a common etch process,
which may provide significant advantages when providing further stressed overlayers, such as stressed contact

etch stop layers and the like,



5. The nmethod of claim1l1l, wherein said first intrinsic
stress is a tensile stress and said first conductivity
type is an NNtype. 18 6. The nethod of claim1,

weheigiigsosal d second intrinsic stress is a coppysmsiMEsTo
stress and said second conguctivity type is a P-type.
7. The method of claim11, wherein said second
i mpl antation nmask is fornmed prior to inplanting said
dopant species of the first conductivity type into
saidfirst region 8. The nethod of claim?7, further
risi 9 orm ng of fset spacers at sidewal|s of said
‘E“qﬁﬁ‘g RGP B BE 6@&%@“ YOrHTHG g Faugt W3t may provide
cnhavqﬁ) Fexbilint inopdividuslky degisring respectivepower daicns sderoind beblyicHigicat strain-
induditfgPin@hdnisngmaiectobthdpddic BPBE keBEeDbifehe BEEMRR mask layer during the

re-cr QRG] hridedsY 1t E%gg ﬁés Ja,g:g uﬁme%@@ 6Rnd sgqgglk%y el nt:cggsmtyabe performegd

for imtg aansm(/)rg a a(&e %e)é alﬁ:e(f hl‘éﬁam%%‘gcc ?\nérﬁt]n gn% sw;;r:é Ire&oi)]s o grie &?tg? Pg% ors may
be f‘s‘fﬂ'é’c‘é‘r Ge E?S@ <1§ sEYa egiecgrs opaipgdpia raccﬁ‘fda@?)é’ﬁl? Fnaeptional spacer techniques.
Thertafierclin easenti@di siewt shers fuby bchemoved APr dosmigpro@isnigd & aksieletive mask
layer] SuBLs 1RSI RE 600 o3 B 0D mhAKEHmMIRR phiRFE] HGs &AIiInSELABAY designed
spacér %m%lnnt %t ng, of F[%S hanswtors to form the respective deep drain and source regions, while
nevertheless a highly efficiently strained growth of the substantially amorphized drain and source regions may
be accomplished, as is previously explained. Hence, also in this case, a high degree of flexibility in individually
adjusting the spacer width in combination with an enhanced strain-inducing mechanism may be achieved. Thus,
irrespective of the process sequence used, the above-described advantages may be achieved without requiring an
additional photolithography process compared to conventional strategies, in which a stress memorization

technique is not used.

As a result, the subject matter disclosed herein provides highly efficient stress memorization
techniques which may be adventageously combined with additional strain-inducing sources, wherein a stress
memorization sequence may not require any additional lithography steps. Hence, a significant performance
gain may be achieved while substantially not contributing to increased production costs. This may be achieved
by using an implantation mask, at least a portion of which comprises a significant amount of intrinsic stress
during the formation of extension regions and/or deep drain and source regions, wherein, in some illustrative

embodiments, an increased fexibility in forming respective spacer elements may be obtained.

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

Accordingly, the protection sought herein is as set forth in the claims below.



10. The nmethod of claim2, further conprising
i ncreasing a surface adhesion for a resist material of
said stressed nmaterial |ayer and depositing a resi st
| ayer above said stressed material |ayer having the
i ncreased surface adhesioni7 11. A nmethod, conprising:
formng a first gate electrode in a first region and a
second gate electrode in a second region of a
Whatdartlgiomedust or | ayer forned above a seni conduct or
substrat e, formng a stressed material |ayer
conprising a first intrinsic stress above said first
1. and sebeacorwgrioas of said sem conductor |ayer;

pati§@fidy MersSitpthntdioR $RRA cBRbAIPY slcd¥igd filsPinfrREMsBess
first inplantation mask, said first 1 nplantation mask

aboy, g EPTITENL &Y deYiFR salddtist dRPlapiatianped wyerdw aifrsidegind
compBgih@ 8 fitsh g&difbct82 EAREY M PlerhiddRctor layer of shiBLARbARG or
a dogant speci esr&?‘f a second conducti wé%ﬂ%ype into,
deviga AR BXIPSLIEE EERSNTPICBSPBIRMSRI & 4PTPNE GRiecRIES Brmpdjfetald
senfigdinaeasrtiafed osgdicds@ﬁie@mc@aa@;i@a ectrode V\h: le said
first,_reaion is covered by sai ré{{i st inplantation
RPN 8 < Boogh SRR R Rpoi st b ieBCe e R Erhedal
secsal rdgibn pdibcant th sH¢ sednd ggieaitrofle whilctbatkfirsioegidnl &t @kered
by sla%yf%t;implantation mask;
annealing said first and second regions with said first implantation mask in place;
forming a second implantation mask comprising a specified second intrinsic
stress, said second implantation mask covering said second region and exposing said
first region;
introducing dopant species of first conductivity type into said exposed first region
adjacent to said first gate electrode; and
annealing said first region in the presence of at least a stressed portion of said

second implantation mask.

2. The method of claim 1, further comprising forming a stressed material layer and
patierning said stressed material layer on the basis of a resist mask to form said first

imptantation mask.

3. The method of claim 2, wherein said resist mask is maintained when implanting

said dopant species of the second conductivity type.

4. The method of claim 1, further comprising removing said first implantation mask

prior to forming said second implantation mask.

5. The method of claim 1, wherein said first intrinsic stress is a tensile stress and

said first conductivity type is an N-type.



19 form ng a second inplantati on mask

conprising a second intrinsic stress, said second

i npl antati on nmask covering said second region and

exposing said first region of said sem conductor

| ayer; i npl anti ng atdopant species of a first

conductivity type into said exposed first region of

sai d sem conductor |ayer adjacent to said first gate
6. el etha pakod ghelaim 1, wherghesdidserond indimstratiess isrmgcopooessie

streé¥8 apdistidfsbESHd Joﬁ@udﬂﬁty‘t?pdélg% Rpeeence of at |east a

stressed portion of seco i nmpl ant ati on nask.
12. The method of claim 11, wherein said first

7. I Nt THEWbGS bf @S 1 &h@reﬁrﬁsﬂﬁd L& opll RS S ans rﬁé’é‘k% \Aﬁrﬁé’d"&sor to
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when forming said second implantation mask.

10. The method of claim 2, further comprising increasing a surface adhesion for a
resist material of said stressed material layer and depositing a resist layer above said

stressed material layer having the increased surface adhesion.

1. A method, comprising:

forming a first gate electrode in a first region and a second gate electrode in a
second region of a semiconductor fayer formed above a semiconductor substrate,

forming a stressed material layer comprising a first intrinsic stress above said first
and second regions of said semiconductor layer:

patterning said stressed material layer to form a first implantation mask, said first
implantation mask covering said first region and exposing said second region of said
semiconductor layer;

implanting a dopant species of a second conductivity type into said exposed
second region of said semiconductor layer adjacent to said second gate electrode while
said first region is covered by said first implantation mask;

performing an annealing process to anneal said first and second regions of said

semiconductor layer;
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forming a second implantation mask comprising a second intrinsic stress, said
second implantation mask covering said second region and exposing said first region of
said semiconductor layer;

implanting a dopant species of a first conductivity type into said exposed first
region of said semiconductor layer adjacent to said first gate electrode; and

performing an annealing process on said first region in the presence of at least a

stressed portion of said second implantation mask.

12. The method of claim 11, wherein said first intrinsic stress is a tensile stress and
said second intrinsic stress is a compressive stress, and wherein said first conductivity

type is an N-type and said second conductivity type is a P-type.

13. The method of claim 11, further comprising forming offset spacers at sidewalls of

said first and second gate electrodes, said offset spacers comprising a liner.

14. The method of claim 13, wherein patterning said stressed material layer to form
said first implantation mask comprises forming a resist implantation mask above said
first region; and

performing an etch process to remove said stressed material layer from above
said second region using said resist implantation mask as an etch mask and said liner

as an efch stop layer.



