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Figures If-1g schematically illustrate cross-sectiona
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performed after ion inplankation in accordance with
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illustrates a cross-sectional view of a transistor _
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enbodi nents; Figure Ii schematically illustrates a

- ' ' 1 conduct or device
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illustraiipg b cdinmggs bfoheipkcsaisihveatiohve enbodi nents of the present

i nvention;

Figures 2£-2g schematically illustrate cross-sectional views of a transistor element having an embedded

strained semiconductor material and recessed drain and source regions for enhancing the stress transfer from an

overlaying layer;

Figure 2h schematically illustrates in cross-sectional view a semiconductor device having two different
types of transistors, each having a strained semiconductor material in combination with a recessed drain/source

architecture according to still other illustrative embodiments of the present invention; and

While the invention is susceptible to various modifications and altermative 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 intention is to cover ali madifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended

claims,

MODE(S) FOR CARRYING OUT THE INVENTION

Iustrative embodiments of the invention are described below. In the interest of clarity, not all features

of an actual implementaiion are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numercus implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,
which will vary from onc implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Various structures,
systems and devices are schematically depicted in the drawings for purposes of explanation only and so as to
not obscure the present invention with details that are well known to those skilled in the art. Nevertheless, the

attached drawings are inchided to describe and explain illustrative examples of the present invention. The



Fi gures 2f-2g schematically illustrate cross-sectional
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an overlaying | ayer; 6 Figure 2h schematically
illustrates in cross-sectional view a sem conduct or
device having two different types of transistors, each
having a strai ned sem conductor material in
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Q esent I nven
an overlaying stressed layer, such as a contact etch stop layer, may be significantly enhanced by recessing the

drain and source regions, since in this case the mechanisms of a substantially flush and a raised drain and source
architecrure are still effective, while additionally a high “direct” component of the stress is obtained, since
components of the overlaying stressed layer located a height level below the gate insulation layer may laterally
“push” on the chamnel region and thus effectively generate strain in the neighboring channel region, Moreover,
in some illustrative embodiments of the present invention, the strain transfer obtained by strained semiconductor
material in the drain and source regions may be enhanced in efficiency by more closely positioning the strained
material to the channel region wherein, in some iflustrative embodiments, this technigue may be combined with
the above-described technique using a recessed stressed overlayer. This may be accomplished by means of

“disposable” spacers, wherein first spacers may be used for defining a cavity next to the channel regions, and
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Accordlng to one aspect of the present invention, the
stress transfer into the channel region created by an
overl aying stressed | ayer, such as a contact etch stop
| ayer, may be significantly enhanced by recessing the
drain and source regions, since in this case the
mechani sms of a substantially flush and a raised drain
and source architecture are still effective, while
additionally a high "direct"” conponent of the stress




subsequently, after renoval of these spacers, the
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approprize] n@@:tidl wiat yas WHEMctﬂ&slp&&iy Wit résheet 18 Pa @tesal d08: sedrddnductor Tayer 103

during tﬁ%mz‘&sss 3318' hﬁ@%' i§1rs$tgeeen@5du§énlsl l%qgng(;{étpa)& b dlﬁ)stmyﬁyb{ﬂnotmpm etch
na su con

process \%Plg rl%gtheer xlllustra.twe Ql{llho.%l nts the el %rorteﬁ 1 gmzfy be Perp)rmcd w% a reduccd degree

“knéss “an
of s bpEly e (b ewsss ey Berlp eFPis sk piges farmishies a siticon-
based nhatpgialf witht gy sebgx@ero, fatieanal sificooriokidy, isZicont e ttheOlit® are well
establisfl id el @MiirG @he R process 128, a recesE 119 lrlfa?bel e RETBL ke ﬁle}ayoffsct 1120

of the récler Y Jn@xtn,esﬁec# Qﬁhgg%lgc\?ggeggg grdetg e(i: EIJ’Y 11165£91dlﬁ oE’ l?e sgacexs 108 zaxd 110

etiron’ o escCr.i
and he G 361 RO T dB L 1BPe F’i@ﬁw Hiprdb et 24 pgrmed
to be highfy apipsropfevirtein 08@ cesermpriatedsere of wndertvshingpave pehigbed ndiptrecess 112
may be fobOqd dwiri ©h dely 1 1DB HaodmRd adlighi@ effitiyht @Rsstulae8 PRGRY chakBS region 106

after th&&em |I§1Q flIRYy G QEHF/ lst%@sc@ojeﬂz{ytng %tetllzh nﬁ{e dépnph 2D %QMUbtamed on the
basis ofqg ngro nate%z sep cten#largé% v:gt(x:eei§ %omh %on watge corres om{'uﬁ é:fn%ﬁlc cﬁ' rthe etcg time of

theprocgys gH- ét PR ét‘f"i‘siﬁ‘tt"f/ EhRInS p“'ét?l‘ 2 695 1l S SRR 90, e in
Figure ibHie hodamtelonduroh of thé sapedlect@B 16h inbingedtak #0581 is hppprioe@sI00 nm and
significah@Biess WA k@B S0RY andi1ds, 928U RO Haf B Ade SromBSpr tc@ﬂeﬂ) @5 1@e offset
1120 o§l,lﬂp &Eéﬂﬂz% %'){1159 [‘Llné ltran Qﬂg?oxﬁ&&@ s%ﬁlcr%§o§nehem5 teg or morf éxgnometers

dependi t h 1 8 B et 108
P '%Fa‘g? ‘Bépeﬁléif%%m%&a BPER 2 PHdtrcRl felyreserot 0grt Ogrtspipay range
from apgypxingpselier-Hl aghibReate deotthop ihe alevoheciiedress.  For exanpl e,
efficient etch recipes for etching a silicon-based

1%r1|c %hcx\%tfcnlyahﬁ‘tﬂ Lﬁeeieﬁl%t)ﬂd\ﬁt&rme\;l&: 156 Q{ hﬂﬁetr NG Seed manufalctunng

stage, in whtlclh %1{: rclc\hcegﬁ 18 sx{bhagtecl tro rBur rlfnﬁiamatuﬁ%pr%ﬁc%ﬂ? 496%e§§gg cf%andé;ourcc
reglons 114 adigcsnt §o e 1gRp He Peingts, 10’\/\%&1?'&4%“ RPRESS| 1&% @high meyt fogerformed on
1120 of the recess 112 with respect to the gate
el ectrode 105 is determ ned by the width of the
spacers 108 and 110 and the specifics of the etch
process 128. In the exanple shown in Figure | b, the
etch process 128 is assuned to be highly anisotropic,
white in other cases a certain degree of under-etching
may be achi eved. The recess 112 may be forned down to
a depth | 12D that ensures a highly efficient stress
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appropriately sel ected process paraneters with respect
to inplantation energy and inplantation dose, the gate
vob et 105 may al so be exposed, dependi NGc@RIS2007/004689
process strategies. For exanple, the capping |ayer 107
may be renpoved on the basis of a selective etch
process, wherein, in sonme illustrative enbodi nments,
the spacers 108 and 110 may al so be renoved if the
the bagis piyipprgpristelyeselected praasel e tesprb arsgecd 8 mpii@ioak@rey and implantation
dose, tBtiEd cRidkddal 05Ynag QBPEd SiRBedDdepdnliy SAIR BBl or SHGHle, 8% capping
layer 1%‘7 Ln'a)?&r}etmvted' énqﬁ: bgpsdofta Q&ec!&e%@%prjo&ssz %ﬂelse]! sgrae 1liustr?tﬁre embodiments,

tho 5SS Ogs ong\g lnew spacers | 10 4

"“Bé% PR BB S hLg PR BESIO8 g é‘?"?a&“&@@ 13 are substantially
compriseiisif B saae mefrriavask & stiagrinfitdethidhadike de g cist Jomdsponditdrew spacers 115
may bpfopt@ s e tbhsht of GhleSabidtedr@@sd so 2@ 268 aRMlanthiléh ABYE dahg the process
113, QR bSRH sQfiesRs, NBLAS ih@l'.pacgfaWO%y@e bé se@tof’:g nﬁ@ha@ ﬁ&v‘in}él th)(gh etch

t to t.h
selecti‘yih/ \nthrrgssg:?F LR r?a%:igelgy%g%pi H)g ans 1}/ & th: sgac?rl orﬁmlﬁ Irll% g:(cinﬁgse%ﬁasmcon

dxoxxdet ﬁ“él aﬁfﬁ%g!aqeray)é rmald;y cﬂwsesé\f eabcr% pjteddeqor gfce ey, digigby substantially
maintapging the geacerpirl 0 wridd 88 spetipas the iot Inglaadrion s1lrss HAkAbd performed on the basis of
the sp&bBds Ni@iakt B, 1 1 RhcSRAZCHSreclaldd BN durﬂamlﬂﬁ’ﬁntﬁtmt pr&c&@es I QEh as a halo

lmplankagtm %%ﬁ&r{:ﬁﬂt!&r iglgﬁlﬁéﬁm} %§d %@X\.‘(@ ?nag %l‘ fpgrﬁbm% rxor tto or %‘r lhe actual

acer

i 1 7 Piee (s KB e e §’bi§’ﬁl"a§ssét‘%%?’ orove
should iberppeepiptert tha pry oftiesa inpiaphatior atoestss, invipdisgthairpntatin L3t ey comprise a
tilted ithple@apionayteds & daf f ApRapHatddy poifionttid r@pecifeldBfand sB&icast b biddwall 1124 of

the rec'e:ﬁplI ‘@ntc%;sk&@ntl}lgh 15'19 Ii)anSQJrf %J}&nﬁtﬁﬁ sggc@h r}‘)m@&g %QMB?S with respect to

endi n S stra
oot B8 B pschiod GRGY a“db@ ‘reeém e Rt e g lrgiom, which
may bgj %lﬂ%ﬁrﬂna‘teubeﬁ*f PBreleshlisked swnn!eqwu eriofedp. & fraireid frtyirad rdaypriieshdopant profile
for the i@ and@yure oegins 518 r@eythk héh@gedi Mpéraunttratn QheaDHrO@@SEuyibA performed to
actwat@ﬂﬂ&ﬁ&oﬁ&e(ﬁ&@ﬁn@ Bhetiad & YerPRSh, Lk RBst LRty %Q:%@&dhyeem‘gﬁgﬁﬁh induced

112A of the recess 112
damage,sxp f% hrgi’?l arﬁitsr\ﬁ’ce%ggo%me b

Consequent asi s of appropriately sel ected
process paraneters with respect to inplantation dose,
i Fiptrahd shamativaibritiseptesaindentipdoducmndglies 150 irea furtizen adymgddenanufacturing
stage, afibd he dorSPRAtof the alR@d@IEd fRdtbss HahieB&el dnd Rith Wiy & b FEEh’ctcbyemetai 116
formedqg&@lt&et@ns@s%r t;JSbe "H@%y@r qu m\ﬁ‘? t:é co%ﬁsgg) lof ?Jggg m%!re%lta%t as nickel,

st B oo Geprail e B ARbRE S E g U e %aswbhshed
techniquephpho aF fpatfer quSItmr@any phes cer eprigia yletseitipretehoiane avitk @oy preceding
cleaning cdcipysaindudidg epldsd-aod U@ dngd @pasits @W@Cth&ﬁm%a&‘ﬁdtdd c®8nilzOprocesses.

Thereaf@, h Sﬁ%pne@@efe&de@le h%eatr!@atﬁgﬂssnta? ot | be}t%rmed to initiate 2 chcm.lcal reaction of the
e

metal lalygmlléa/h? fai{\}mg samxcomglctf_r megg \illgcht %8% {Jvzgledlxq. @e gate (ja(c:treode 105 and

A3, Al PP P Hel e B ULTERS. HBVICBEorSEr fogri | Meihes slicon,
bﬂwoﬂf@m@eﬁlmﬁw#mmﬁuﬁq lixg irgd agjehly @hduetive tsdn@cosdRIPl @414l OPMpOind, such
as a metaN @1 B0 WRerdRSEEANERAAE0RHE B8 1SR SINEE . a0d nddlehill wBich AY%SEmain on

dielectrfd qorﬁ@fs rs@ucﬁtag hy sp%tsqllft MGrg%Em nﬁtp gé/ &m%;l&@d Jnﬁ]atﬂ éoén t‘Pon of stressed

s 1RE I ayer be conpri Sed one or
t3Fs%uch as n| ckel pl ati num cobalt, corrbl natl ons
thereof and the like, whi ch may be formsd on the basis
Ofigurelelsehesitiadily ilBkragks the edidooiues:, de@eeCI30 a6 whifitthé @dnsistor element 100

comprisbkSRR$ bliidx&'?eg@%s ﬁﬁﬁ)rzﬁ&fl@ﬁw apRk ExQ{QBdr@tr%:oqg pasi &élﬂz@ in the gate electrode

ecedin eani n
1035, whlntax%%n cg.lltlcpbe aPpremaseQb L& dp el' %roceg sgat?ﬂ.e%c egmeéa? %P %/ra'gt;ons 117 may not

necessagily bp r‘?%ﬂ“ng“‘aﬂc't‘%"’x’?’aP ST Bafirhiyt ,sf Sressush Fhulesfdesiived e on.
appropri ate sequence of heat treatnents nay be
performed to initiate a chem cal reaction of the netal
| ayer 116 with underlying sem conductor naterial,
whi ch may be provided in the gate el ectrode 105 and
the drain and source regions 114, thereby converting
t he sem conductor material, such as silicon,
silicon/germanium silicon/carbon and the like, into a
hi ghl y conductive sem conductor netal conpound, such

contact ﬁ"



By providing the [ayer 118 with any desired type of

stress, the desired type of strain nay be created in

t he channel region 106. For exanple, if the transistor

widthotragsasepr esent an N-channel transi stor rggy,bgiom](@f,gq

tensile stress for increasjing the electron nmobility

t he channel region 106 the |ayer 118 may be for msd

with high tensile stress on the basis of appropriately

sel ect ed deposition paraneters, as explai ned above.
Moreogyragstseseest conthicf efob plembayer Y igasionfed blifoanhé BinENS IBYICH IBRE Bb Wssed layer
118 is hilvefoln@Y @fibid thBrevdeded 1118, bk fsft&ar &&{;edséy&a%exma& bl LbJ&@m surface 1041

Of the 1 u a aye b
£ th 9£ b Q&q J ?f{ﬁr AQQ; sl s %‘S&ﬂ% gra erleu %ﬁle:\émﬁ’r o Ts,ﬁgxgon hitcide,

may be %stcf (¥ beSI gn rm)r’

Y be SRPAEL NPl ﬁe’ﬁi‘ B PR MAEREIG AR thRe o SHTREH Sy exduerpisy thgpfvpe and
mag““t“i’?é’f PEEHe sirdss maycheaprirobisdcbnglgurgeoct deppisiimoparameers., Férrnstahe, siticon
nitride @ bP highlg Rvitntly MedobiGl bR the dasthi dt %&txﬁa}/enﬁhﬁlceﬁ r&@po&@cﬁ Q&%txdu\:’seso as to

exhibit B8 |ma§41t{1de%k’ ﬁi@m!:eeﬁjes@ %glgél' for mFYL“c‘!: fo tensxlg tstﬁegs of )l .5 GPa (GtFeaPascaI) or

ner not
e B R e, ALPRTHOUR T B P AP PR B SRR i grocss
parametfgseﬂclarg dgﬂ?sné‘ind?ﬁ“pg‘ta‘ﬁfﬁ qew@‘an Irespures otio of PIRgUIEPR watprfamcion bombardment
during the d4rpoiivs aofthd ke, Cay@nendyl Bastd @MercosP@pi i@ abkeMd GSred magnitude of
strain 1ﬁﬂ1€ﬁﬁnﬂel&$gldﬂ| 1bd, 1l %y&@%dy@@ gran@eti G @B rcmlv&'gttamal strcss For instance,

if the i e Va el tranSisigr, r(,?ndscor;nalgvtran e
if the dAfefsfoP 65 L loXch] %&@E\h I? ! ‘IITE cj_lgl% gv éi’ ¥ F] rain i channel region

mechani sm SI nce

106 meg iSSP AE AP oy F‘é’é’f“isyheé‘t’t’“' ient W@ﬂb&ﬁmﬁﬁ@nwwgr WA taeOrgeact etch
stop lagy B may bapretided with rommedveatres, [whigk predts aporetiotkhet. compressive strain in
the chahsichpdfien 106. B¢ haitaddivg aldws 1144, US bkeddk@Byd NS xﬁﬁ%ﬁ@@é&%ﬁ) Regree of

strain 1151@%& Qlﬁnnleﬁ‘gguﬂiclgg) [nqlsfxlrglaxt\% %g glujansfstgxr Jr%ﬁgctul'e l{Ir’SntF Eu%stanyaqu flush drain

rarn an
and souic:f ieg:ons wﬂerfuil hg\gev%r lg ﬂgg&ag&nquglﬂnapgéﬁﬁeﬁﬁ%tmﬁf?ned ht efgc‘éently into the
channcltregioRel §6 g t threfaqt St thetpienis #PPBIPRALEGs IyiehChat trprotiivately corrosponds to
the posifigr afie cigpncbicgitrh®6.r @85 SR8y, 4 dodesphding e RlicBted /1R arrows 1188 may
highly Jfﬁ@ﬁ@j =i l@cEra]inQ a PRYer M¥h2 QP4 Jh%tg%lg(@gp ﬂé@g@%@@%&é gr?d?nona% strain

ere h 1 a caIee Cll:arm € i Gacapsu
weri. B, 1R 5 T RSB FREL o “EPULBPS g o smined
semxcorghc&)rff nal,w'ﬁ ésrféaiqwmtl}h@echﬂ Sbartansiyyg cmy}ur@p@\/#sdﬁell behdescribed later on,

thereby ghdwring erepdwsfidngretts spke dohespex e adidhabet) porSseddad, bibdiled.
respect to the gate el ectrode 105, vvhi I e the spacers

]i%Q) Mg I%Qé{;!arq‘?s 9 Ll?ang ﬁé chi%gvl QE btl‘§ gtthe dE 1re G quE‘ satrlauq ﬁ ] cﬁejted in

e craSQULCE Feg ed ABoVE"
' APREE B n»‘bﬁr 5’#??3 i 123 e Py 18 meg é“ﬁ"é??f“n %) &1 (el grgagistor requiring a
tensile fyep Ba‘ré’efé?ﬁglg frayleten sebide iratk derot reafratlod ke tagkrdi S marnd formed with
high tensiprGeon 18NS akdpriatip salesd gpedioh Parm@Rfs Ol Bipidhedbbi. hhGover,

differenf (@€ 35&&1919&)@ rha@tméc§e Yo lap§ I‘S()\E'%ddlﬁcﬂen{isu%sg R %F&r}itescnbcd I!fter on in

more dc%gﬁgm%ﬁ %{g& quga }a%hed%ﬁmc ()I}gesxgg gi%%bé [%{Pglg] efnfﬁscf gﬁfca:?ip%ﬁh stop layer 118
may be (rpdedrealy op die prRgolvci ‘H@b‘r ﬁﬁtsguf%rfeglfamﬁphl thegetxjirgniy, shpvrein Figure la
direetly gr e eeBectber et bidivide, regions N1 asvhilgpl ethdr apir@bhes) @S @yermediate liner (aot
shown) il @kioated, Micr&iR ﬁh%m{éme RRS Shi Maytﬂe luded Mle@:h st(!myyenj}gr removing

unwante® %l)x%grts %g ﬂ%ulgﬂr tl&attrcgs reg etqwg dQv:c%n eass %s (rn 1 be %gcgﬁg d?tg (tn gy not

desire ration an
““essar{“h“"gﬁ‘ﬂfﬂs’[ et 1o, amé’é“sggm%ﬁ‘*%md@%?ﬁ et P ety pegspdesy subsgantially
directly 4o Qg fherhdngel regign {Q§aqvert ifrethid iirnedandeverdunaied.egi ons 114
may be appropriately recessed while nevertheless
m&:@ 4 aécﬂzlnﬁgcafl ﬁu&rﬁgsutht{ :quct)r}tm&&r Id 1'5(? %éi:oqgmg t!:? ?mlrﬁ er ﬂ\?strative

embotinbd i it e Byt el (e s it bRy b frmed
by the ‘°§d‘ﬁ@a‘i“1“1’%§‘t3r1’&?f 9 dhe EpPPIgR TEHE woesteh Bl 2e Fetpxonmts e Gantifgy 100 may
whi ch may be an ani sotropic process or an isotropic
process as is previously described, may be perfornmed
prior to perfonning an appropriate anneal process for
activating the dopants in the regions 114.
Consequently, during the etch process 128, an
i ncreased etch rate nay be obtained, due to the
precedi ng i npl antati on processes, which nmay
substantially affect the crystalline structure and
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105 and the drain and source regions 114, a thickness

of the netal suicide in the gate el ectrode 105 is

wobsatanussal |y determned by the device constpegiuRbdnoscse

i mposed by the characterisfics of the respective drain

and source regions 114, since, in these regions, the

netal suicide may not be formed with a thickness as

woul d be desirable for the gate el ectrode 105 in order
have spepaggsisriopy 108 erahpylandiva fo appinglapo Mot the boryspbrd@p @@fers 108 and 110,
wherelGOWSE ke N8| yay proRidS Q& Resirddl sk bahd é{c@nsﬁﬂbék@ﬂnmmvﬁtﬁ r&sfk@t to the gate

electrofdQ ﬁm&:@ rihe Qggacc!r@ﬁ@ gl(a‘)t i:rgﬁder@et c@l;rre& sgtﬁg e rdr%gnl bOUl’CE repalgns 114, as is

o d N2 rce r gate €l ect
aso efﬁ%" abcf/"e “’@F fl‘eé""éﬁ‘?ﬁ”;?“‘f"olr‘?ré}ﬁ r‘fsta‘é’ﬁérﬁbeésrﬁaTai?e‘%ﬁﬁY Ragiggeed such
that they flfgigand source regionil (fipeedefigped inrenfaritc ekl the jetebsuid? aties bt Fremed in a
subscag@ingengntiz0stept € Vixe as, 1bhgi Be angemaaNDE, Wdt HscOfMng any associated

:mpiadtdtabﬂ%ﬁ&&&@&s'f& Ga1& maﬁﬁu ﬂﬁl’flﬁmrpi't %quﬁgﬂo&@%argrggtwgdcpﬁ 18 iﬁnta don dose,

ta acconpl |
ol SR T oI B B B st S i o7 oy 1 s
qu ??Pi“h?‘*gc ieprang ?‘E‘Fﬁnhﬁ the PR genctionens is ajyp despribpdithfrepephioiFipare 1o, so
that thefraip fvd spuee egismd 14naiba s@ngrisOUr@Sed ade dvathdidd maG@RARE it Rquired

functiohd1®y Jray ediosi®s.0f refractory metal, wherein,
additionally, a silicidation mask 119 is fornmed so as

t? cover the drain and source regions 114 while
x (508 A g hepatitalin gt Yp dgitr A odienhc oA dmgjatatione} 1@ cietsiein some
‘“”5“"&1@5"“‘3@6?3“@%@6§h precetsties, ghitleme|be ot anisthepid BSsesston @ ivai migess as is
previoskyydeseritk, ipay (0O pSiobdell ptidh (€ Pertd it dn QRordkihth adnB pRRBLBF Rtivating the

dopant&xla%c%%mlgs CJMUC% &u@f@&@g‘:hmesm)é apnqnc cQQAiQ dg %%v be obtained,

at e e ectro
due io éng @‘g(‘%d%lmslantaﬂmf %'ocessed whni_% %“bit"ﬁ‘ga“g é%em thegcr)rsgyféer sn-ime ang gws the
etoh rath (ARpE B BTPSPsd 6% i ihis ey thEaieh sheaiivip! Wik resbret t 1ok projegid 19 @ the capping
layer B gky bd Gemmad, bigeo Cignipr be@erdnént anihg ARM@RilgibnBlaiiRbE bloddkses may
modify StéGhnidhdRtoPey 18 Fnoﬁ%ﬁi@f@dt@lc@m&nl@@&) tm%le%é Qﬁéxﬂﬂ de tL gacers le and

the capkﬁmﬁgrQBPr l% othexhlguslratw embod; e:?mp qI%IGECtA E‘%ﬁ%i g?.'B ngn)l,/' %‘6Ferf°ﬁ‘§d after any

Latin Fon W
anneal @‘fél"’% fop p PR dopeys SPeT‘r‘fe"‘“% F°r recmtalé*%vemmﬁmw& igucprdamigge. During
the ctelf pypepre d2Spie depesil? irnfprand wijip rho tixin addson@traiidnal 14, vBld@R, Wit respect
to the d@pUpall iy Rdess 182 PRGN QN ASIrGEhecOb tﬁﬁﬂ!mﬂ:tfigl-;@ (mtﬁ“’e%eﬁg thd £ate electrode 108,

the sanmtﬂ@ﬁel Qiny aL Brc@odgllygtycybcmoﬁlhcgeg&r lOGE‘SSll;]I st ? bg gor;itlnued as is also
POSI tion techni qupe pro 3 a

CEWHMﬁ‘ %fé%””e¥f§m¥ g like fill behavior, such as spi n-on
technlques when | ow vi scous naterlals are consi dered
dinghowlihe dpprivited Kbt, ixb@erisedivaimbefimdnl @nos ibbing | (Badbpdid 149837 may

not necésgamyl B2 pRvRAV Rl ok e@c&cﬁ%és $R B%hal Qurﬁg 8 c%&%ﬁ&#ﬁocg&@t e gate

clectrod@ lt%c &r{xegqgﬁpngeg %f [ho%lsn?coF nnagu{s? ig:rr%;cg_ sed ereBytai c\c}lé 85/011?18’ 'P‘ﬁ‘é‘al removal

of the g@%f‘&““’&‘%’é&% %"Hd’é ‘%’ef‘“’ ﬁ‘ﬁ‘ff‘d‘lﬁaé‘°‘b‘é\“f'ibﬁh?r@ﬂnaf“?f‘ Bihgepte glgptrode 105, That
is, the gy lgdtiedamdtaiglahay oo protifrd veéth aic@iattaktraokicknes khatlshi@mblaad cabsponds to

the depth ERBIFRXODS @Shelift@s  RPwiRkb AGG Ry, Ilz@@ffgéﬂc@m%!cﬁﬁte nfP6e taken into
consnderl&ﬁ whcn for mstaettet t@g ctaﬂpcgcgs@ rlbfsaig g erfonted Q!!l {E‘xg baB:s 8 a su Sanualiy crystalline

materaal qg sem1 9 % fé §3 AIALY g

el SECPBTaPEE g | |Way°e‘|h° i‘ft‘@“ ﬁ’é@‘ B ﬂ?ﬁ%‘g’llp Faphe fupantially a
Po”““ﬁ%§¥§”6ﬁ‘any appropri ate deposition techni ques as

expl ai ned above. Hereby, a thickness of the layer 116

AN ek bRy REAIk Al m%lﬁ@ébéée&@ d J}Wc@ qugﬂﬁsémta t1§eeL% a{ﬁmde in the
drain anx\%otul%a I;‘e% ok damglort % da gogq}éctrosgrgr a substar,n%ealy 5 r}%ogra? e‘éf‘f’ﬂ“ﬂi’ﬁ%‘“ dIche 150.
When ”‘ﬁé“f%f‘“‘@ g ROty e e £ el srcPhrebeprmeny o the

the chem cal reaction may be initiated on the basis of

an appropriate heat treatnent to obtain the desired

anmount of highly conductive netal silicide in the gate

el ectrode 105, It should be appreciated that other

silicidation regines may be used in which, for

instance, a silicidation of the gate el ectrode

mat eri al nay be acconplished during deposition and

si mul t aneous conversion of an appropriate netal into




Next, an appropriate siliciciation process may be
perfornmed for the drain and source regions 114,
wherein the respective process paraneters may be
webmrtgmssuch that an appropriate type and phir@knessdiose
of nmetal suicide is obtained in the drain and source
regions 114. In this case, the further silicidation
process may have only a minor effect on the previously
fortned netal suicide in the gate el ectrode 105.
gate elppiradectp pridythe drify 0 equrcp regioess Y frighirlmsss bfdhacional Filinidedn s gatesclectrode
105 isalbgiantidgsiewintxed byiht fevice é@ERRNE @mtot:d bl G BiRirabteristics of the respective drain

and soErbegU,;{x@ns h 1540§1§:E QH@:&E %@Jo):sy thb {nlﬁ%’?ﬁlg ?Jaxﬁaélng{lag fo?rﬁé@ Nelala [T %@J as would
be desnr%ble (ar ﬂh atc (: cE‘md?: 18)8 n\)l\ﬂer tF] aﬁxg-glpnfxtglﬁ eé1 aémet Qm concﬁxcnwty thereof,

C°“Seft“F‘5‘ﬁs’P §‘t‘r6r"§‘s‘8‘f“"'cﬁ"ﬁj1g‘%‘i“é‘ﬁt the ppeptient 4t eregtive palgilicide retjong p the drain
and soRcegtrigem bl atd thaesie sleamwdegld 8l manbe icialn fiehedtirdanadestydiom «dch ether.
transistors 100p, 100n may have substantially the sane
c %@tu]c g“ Ecﬁ’t&rha%glll?‘?’l ugtgg Ih[t %&o&kgﬁ A rl()ﬂgEB tm %:Qogdagce wntlh %rliles drystratwe

desc ereln, e
embodnmentr &:xew Pc e gnan%ln OF\K%SPTcm‘écSm?% élhf‘clgﬁ, IF%% dxﬁad Ibﬁ Qccerﬂﬁ'ﬁlﬁ% fn 2 highly
indepepdgiiftshien Thagevivat® mpir Bimisaifetduntase, L6 e tesfimtiopibe recessed
drain ddsoprcOwekich® N eodaBd helyd @ NdfGétiadbrl Yaekly pﬁxem-!_b(ﬁltmnally a silividation
mask 1l § BRSh&ls0hSo LA0Phe A0 gﬁ:yce Peﬁmfxsoxﬁff@&e%ﬁpoﬁ @Eﬂ a5l &p Qfface of the

ve Wt er ence

gate elfctmc{eHBP Cke ltaxgosmfgg gg l%ctross r,lh \iéw)énlg aypt kg’? \?gsrsﬁblsc&combmatmn with
the spacsip fEl 4P PH &ﬂé@geé §‘“‘hﬁ‘§’/¥ bercplesed bt reersgA0-t Feotlsngises, the gare
electrogdyf 10F agyplaed Gewrefoimap vdlvhiahd @ppingaaks 0T, As 9Ewaasly deferibed. For example, the
silicidaG @ sk |11&eJnM{ beHohREICE Al @ppfogﬂh'é {nﬁgmd %ﬁrﬂg §@ﬁ1§3|r gétcll:amtt@at may
w:thsta‘lbtﬁe &&&ﬁ%]b%t'e%&ﬁsea }OQ Qeg:ﬁs:tm e Ia ﬁ' 1541 T mqlatwg a chemxcal reacuon Wlt{l ﬁ:atena!

ques
or e 3 sl B o1 Vi) P07 e P%@‘B@%W iR g peral,such
as a pofyggn b ehoforsipend ayctier dilargic rpteddliip § bighlproecedgmtldshion, Guoéstance by
any dej@Sitiqut@tiige loyididesabshetly andiitcia vihdvibd@tn 4 E[ﬁkﬁ&ﬁ&iuﬂ@cs when low

VISCOUJI&EGH!]JE]§'L %Q&I’quﬁd t‘l@ih{g‘aﬁlﬂ’gr}lagtﬁll g?ttlc,aélhc%latlioln %lla&q IJ l@ ?JOQEL% i SXCess

o o o R RE o TR s RS e, S i iy b e

selectively it gatpetectopg BSmmgy b eerfaspaturiorads e\vabiafntidevhlifprahe siinidation mask 119

that at IgaeteRirveks the &p Siritaor de 30 crdi@®3, wherein, in sone
illustrative errbodi ment s, an opt i onal etch st op I ayer

139&‘ q‘% pgeﬁe %%.8 roae%ses or rei%g(v?ngg aye fatamm {5 f}orl;]a e(z)(ss(oaeai &ate electrode

105, U S P eSSt g \QRTBRSaP dgpetiion ity rgiined sbove
Herebycp shiessed tpflasi |itcoh thaimaferid @ompopiti@t thkegof imky bsdcleatd wieh respect to

require@iRG6H theafate Slectdd€ 18 tE rd& te® pordisy ﬁéuzrﬁ@noﬁﬁ)én@@pe%&leﬂmde in the
gate eleﬂﬂcﬁg gad t ﬂ[ereaécp thf &@rﬂwa@ QnLag tma? E:v t:§xtte<9 ? hg%%ls o:tl’ ax§ Q%,mg){%e heat

treatmant% ?bﬁam t cﬂeﬁr tamoun 2 gﬁg 2%8&0“9@; mers 8W1C&éta the gﬁeoel%mgl% é(gn at should
be aPPf&%%*ﬂdai‘aaf °‘é‘t’c§ﬁ‘°’§‘tt6b fﬁgfav% ey 4Btied fogishblos infimoe o mikigrip efifhe gate
electrodppptiyrisgmeaeendmgistdd detng Pefdodiod ndlsBinitarkBiy ch@erfi@loNBChpS6brias metal
into melalsi1GQAY, EfhefehiRy, SQCRALL zﬁd@a@%@ﬁ:@femmg Rug o %ft&? )S@m::?the Japxgpmcess

sequencg 'u(e%hmﬁé?‘aﬁ %gsq( I?J I%Q' a?sg %Q {emo eg for ms?agcie béx?y agpr%pnat{z etc‘%i%ﬁue For

onpre

exampk‘r é’ﬁ‘f ?&@ﬁlﬂ@ eéfh r!fmm*f’érﬁ"n‘&whtr?aa ﬁg‘i%aﬂmh degfgfi qf ecleetivdly stk gpiget to metal
silicide engrpthgicipatiplepuditao e Inaipeal of h8spasymyt 1€ OXIire dsain aad brugh regions 114, are
well-estibB§hBd dn@ mS¥ BeRSE AWM fhiddaRed: keaibidest Or 100N represents an

N-channel transistor. Furthernore, an appropriate etch

mask, such as a resist mask 123, nay be fornmed to

expose the transistor 100p in order to renove the

second contact etch stop layer 118n by neans of a

correspondi ng etch process 124, which nay be

controlled on the basis of the etch stop |ayer 121, if

provi ded. Consequently, after the renoval of

the unwanted portion of the |layer 118n above the first

transi stor 100p, both transistors have fornmed thereon

appropriately stressed contact etch stop | ayers, that

is, the transistor 100p may have forned thereabove the



Wth reference to Figures 2a-2d, the concept of the

di sposabl e spacer approach is described for a

substantially flush configuration and, with reference

wo 2irgunes 2e-2g, the conbination with the regass®dooisso

transi stor configuration ist described. In

Figure 2a, a sem conductor device 250 may conprise a

transi stor 200, which may have a simlar configuration

as the transistor 100 in Figure |a, except for the

eXiexinayi wpropristyi siipidation procehmay, bet dadortneda fos ihs tdown @0 Gourgyregions 114,
wherei€ ﬁlﬂ'ﬂfﬁpcaﬁrc frog&iperael@Chiytd eclc2Qb subilidt an HplopiafRehe 3ANIBmEs of metal

silicidei® mterQ@ QMGJ (szm Jm@)ﬁ(ﬁ&ce 2&%%11@{ 19, Vinq}gs, ca?engy Fhrtfer §1H95atu£r§£ fceqs may have
|l ectrode,. 205 i s separate

only ""t“iﬁ‘“d”s‘?}gr}n ¢o H‘ ‘ef”%“rsgaflﬁ““é‘f mﬁ‘@‘s’“t&s‘ “i 8&?‘5" FeF&ecal’r ord “?‘%f§7‘?§r further
processpgAnay ffopigyeias wﬂlrpeiefjakeé wih sitepg e i205 enay  be

encapsul ated by a capping |ayer 207 and spacers 208,

p@%&b bnl syheanucQI ﬁbﬂsﬁ@e& lhg EbnMUo&chct@r dL:\h&q o %Q'A%nsu%eagﬂ g}lnggorqmp and

a secor@rlggs%ﬁ)r é{_}(%ovgwhora g:ﬁ‘{(],s%n CansliIE | noq di ercnt cot{::rl]ucnw gpc&ﬁg/chtg%a P-channel

VI Cce e sane ces
transisiph 9} e o A Pr BHBEs | T ST AW ST B el e same
configugtioy esethe] G@siper cRingy i €0 previoudlp reaibel whardie hdearkrc e RSB ctivayiain and
source BRiotd 1] vl e EPrePPrdBl CHANRY REES Smad 28velfarophiRtt B3pAG sRcies in order to

prode tﬁ@ Sesived Qgﬂd%@i@ttypteo Thmngﬁ;x@ 10%$ q&fnrn%g %e 539’%&1%8&%}3@?5 cif the process

techni ue:s d?éscn to%rv% \581 fcorres on ! ng({

‘*s beg H REIR 4F NPT 0 RSt KRR thenVaEPY (Batation
Pmessz?fsay bagm' fognegjog 8‘3 Bk of eipesti veimplsation misky ip Prderae gegectively frftreduce the
requirc tigrant ppoiced® the2Binsiskinatood, Ipost ddehdiac eS8l 22 HHRY mAdking techniques.

' Morco‘QESﬁ ge Qan@ﬁo@ﬁﬁ(ﬁN(ﬁQhﬁ%h@ctx% re!:cg’sgé Eﬁl%ag b@tf&RccpgcQ&§i§§ to similar

e 0
Process tg ueg gs %rlcvatglfl}r ‘&“r’s"ﬁ‘g]%“% tn? Euﬂlger groccs xfgr goa ma rb F ﬁhel ﬁmgtrtoa eo metal
S“md"f‘iﬁ*%rl%f‘}f’ﬁ’“)t e e aspyaished ¢ iy Reeisdy dpesibatai ned
sem conductor nmaterial, which may then provide a
desichiRd aSirdt Bdnfhctl itk 8tof ﬂ%ﬂ ey K98 Q;Hne%qgov@ fuclee and sccond transistors

1GGp, Ib(gna@ﬁ'elm'?rl: Qfso%Qﬁlusu?wQ Q&%ﬁ%&n(éjn 9;%0:%1 ct&l PS?ayg'q% may be provn%ed For

exompi P51 565 erlenr SRPeets DB ARToR ot (e st comact th sop
layer 1S aanpecpgeprised of sifipen pitride hin otheniiismitingerneodimergs, fhis preh stop layer 120 may
be omityEll @hdr@ferpfhe fulﬁta:ohtﬁby etth Ep3pyeal BR aPBd BPoved Ges IR Aralystol D@n, for

cxampi@ﬁ&&l oﬁrttfé%%ﬁ StofBe {:L!(}Slf Hx%%geda&da s&&ﬁ%ﬁa& Q&Mtcﬁtlﬁeﬁ ﬂSn lpossxbly in
w .t he.strain em cond U
ccm‘albunﬁ{hI %Lth% secon etgh %cg é: dayer 12 mag be ?otmc%c;l S0 48 to Cov r & srccon’a %n%ft?{elgﬁn For

S natur
exampIg fhs gt conigy eij’h%fwayaf kl?réwﬁwwé%gtl sy w@rweémwé o ragsistor
100p repiggntt @ Mphakpe mambser, ivalle ©F seodnd cpreraiui my Iseni 6o Reyl Cdn@Fise » high
tensile th@ééeﬁhen?{ﬂg irads@br 100 teBlaR s arS Nloh@ RN b 9B%HBR NHubiB-Adce, an appropnatc etoh
mask, s§dh aL 9 Qgét%glp&g rgary%e ?orn¥§it e)lpoég(:t"hesljgrs:s%p ?%{ oorgi% ?o drnpmve I?lxe second

wqr [ Own on substanti a
contact gip f“’é’d?f’ﬂf F ReEbe BeaRpS) oGPPI Fe RSP d S Bl B preoled on the
basis of fhgeieh traplavgié L ifgraideespect i ve slight nismatch in

| attice spacing. That is, a silicon/germanium nmateri al

gfogé%hcﬁ%f} FreS MO SLEMM bﬂl:c! Mw)é:ﬂgi' @LUE QPQS ﬁ}ér lI %Qbévgtlﬁalfgsg transistor

r.essive

a
100p, bo?ééanﬁ%%?rghaé/? %g?rgﬁ theﬁeor;[ ztpf)rg%nate% str{:sseg confact egl stg;% llgtﬁers %ﬂ is, the fransistor
100p mgy ey BrRFgebrairie Wyfrﬁli‘*’e"s’?i‘é’i‘ﬁ i iy TEssn. meptia rggppoffye strain,

wherein glie|tiagsiytef tn bomrigs bevayeo hi8s hdving @ diffrent thosffaransic stress so as to create in
the resp&ATE GANA WEAAE diifelR ibsibd Gfe ok QAR h&nSldRla eclaMmhat other regimes for

forming %%7%&;%@%5%&?9;& LJF%QQJ?/ uQuQ 4§§J§shloapd IOOn may é:g Gseg su& aé a sele(iuvc stress

ustrates %

“*1“*“&“"885 ?ﬂ“l"&gﬁ'a 10 BB SRRt e iR ﬂe Scgppaking ffaers THsp and 1160

conpl etion of the etch process 228 and any

pre-epitaxial processes, such as clean processes and

the like, a strained sem conductor material 230 is

formed in the corresponding recess, wherein, in this

enbodi nent, the strained sem conductor material 230

may be formed so as to substantially conpletely fil

the correspondi ng recess w thout requiring an over

gromh to provide excess material for a subsequent
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ichematically illustrates the sem conductor device 250
in accordance with yet other illustrative enbodi nents
woaiskes after the conpl etion of the proceseTstsidenNG&o
as described with referencs to Figure 2a, Le., after a
correspondi ng cavity etch and sel ective epitaxial
gr owt h process, a recess 212 is still provided
adj acent to the gate el ectrode 205. That is, the
may bai J{“"f ‘BS?F‘B(If“@‘F"oW‘W TEPRsEnsifion 190, S10p iskoett any intgrokvdintg brph stop layers
120, 2BV Edns¢ahitly, iashidbekow dthiesidnalegibiligaf piaadkd Byjthduh @q@aizeepitaxial prowth
techniqud$ Wheadid BOypeY@hagdddie of TR 58X RNBS ntt(hﬁe e SERSchahd rdTBYs may be
readllﬁn%gi(taglr!«% {;q ﬁtggﬂw :33; t]xe]?sg'?slg[gxx\lnﬁh%%espec?\a: COI{TBﬁf ctc}ﬁ@t%;? la;tletr]se
approxi mately 30-40 am Thus, by not conpletely
f iihireferenchie Figpesacishighef Bwstraitte eabpllimynichiitic pgsditigvention will now be
descrite@iirt 180té adtail]) nOMdidA anrﬂﬁh@&&mxc&mﬁlﬁto@ﬁtQ&ﬁSﬁ deltEEed@YloQ%rox:mxty to the
channel ?egfdx? @Fmeahpo@qi@swsbbqyspgcgg 91%19 qubﬂgg :Enhelﬁgmegtrcrr?xg ?ﬁn of the two strairi~

inducin fmetchq o [‘al n 'I n i 8‘9
éz ms::{:sh \‘/’ﬂ %%sn?ga sﬁ?“’%‘ﬂfﬁﬁﬁ rxiatﬁnafl;fzigsa foethezﬁaxwﬁ?ndb@ng a recessed

m‘%ﬁ‘ﬁ]’@é‘t“%@ Froflepto Papodhrents mrihislp At glvihorfermenn Vigng 1a-1i
strai ned sem conductor material in order to provide
t e lh SRS toZﬁ;@némgBd ahcccgme}th:lf &Qfdlsi)&%lés%c%%p{;ﬁ%h ds descnbe for a

substargipl!l)l ﬁéfl %Jmf” on .andp EPV!OLE‘:_ re%esrenc gurets pg Créolmbéxetgn ﬁxﬁti} tl?f recessed

N [{3 ocess unrformt her eaf t er
ansis e%%é’&""&r‘?d‘eﬁ“ﬁ‘?"f‘her processing may be perforned on the
basis of device spacers, such as the spacers 231 and

2 8Xiguens] NGmich@iudtdtGERAISE m@@%@ﬁse\éﬂtgﬁsntogaﬁmfu& xﬁ)arydtg\re a similar
confi ngaﬁ’mrt &%rﬂ%‘ :M.L%m@' !@';PF@GQI 8#,1(! {hg gxte%sxo rle%/ons ?ﬂu 1%1 e transmtor 200

ma co nse q tr%éé gg erra e

Y f“ﬁ aé\i‘f‘é%" APt &rlows "é‘*ﬁSﬁ‘ﬁ“’%’f‘“‘“fc’ﬁ@Y%B%ﬁé‘“’d*é%@f"fewé@mm
201, whsres gageseleotrode 205 is seﬁrgwrfemfz@e soirenatiordati 203 by b prsd i@teS: layer
204. Molveved i igg€elblic R0 rﬁyfnuént:elaaﬂateadya&@ﬁﬁ& 1R 0T AQLME Y8, possibly in

combxn@ﬁoﬂg@th aThgr 2"05 aﬁ ax%hxgr p?cQ:st W f&%&tﬁcﬁ:@n E%emxco%mlu%tﬂr c%vlce 250,

substan[l:sglthe sa ocesseg mag h%Pgo veg ésslg?vmsgﬂ deg%%m%aﬁ?f}:feqc%foéﬁx%w@a 150 in
Figure {ao Ivf;in’gtﬁr,éhezjaviceéé%@méchyd fogn etelr pregess 22hbufatmigfa recess adjacent to
the gathgepirgde| 208 mtliedn sifsprahREdmseiTisganitg &t 06 iHEBLEN 0B khe 230 208 and the
charact@i @y bRk di@toraems! e B labuvsd dbed Wi rgfg%pa u%%tzh g@gﬁt@s‘e That

is, the lma esignell as nlOtOtb%GICC‘-ClI'OE | de
th p@ct&%@% E/%gh an 39 ang Lr%czw iy ‘?? 8 SS ffnhrgcess %glgf,emxccnductor

la erzd’i agjtaeatse A etrade 0 erare

y R0 8BNS BH 16 20F B %if@mﬁeﬂ denfteig ﬁ{é&rﬂ?fﬁéngwf’aiewwve recess a
St’a“mds%ﬁic‘e!’é\*m catsrialmeltidy gy th@Q@ovideta o Isthibé appreCicgéetds of the
transistdr (200, tA) orfo@bitily | @il selald@naiRr ahateSibli Slyde HEGH Q,H Sh@ﬂaz.s o welt-

establisfkeld @cl&@&e%p:%ku@lcgt'crm&%q&s quhl&lh@e thngimng sgsihrgc mateergllsof thac‘aéaycr 203,

after bem%]gcegseg llg]yzl’&_e etch Ip}é)(}fﬁs 22@ 1r us%@ aﬁg)lwglé?nrp&teﬁ%equr P grﬁ:ﬁlﬂ'@ strained semi-
°°nd"ct?fﬁ%f&5%n%ﬁ‘?tm A havm ith ganfrd pr yoptepinedhiite B ey Fiffeeht Waitibdpacing
comparqded &¢ Bmplge haerfal ofuilfegerhdnigrsehifond@ @O gk DE3E FM ihdbn@WicOl/RBEanivm
or silicoRfofoR RFe! BVls@tiiheL G B dudd? rc&ﬂ%@rfds w‘ubi?wl@ﬁ l‘og.rﬁ ofe R Quﬁ&&ﬁmlryl wdiSturbed

silicon lgtlc%‘;n 3$ ﬁ)ﬁ@gstrggg}itsean(%l%onguc%h matena du.e toy ) respec{we éhé\é@tgxémaé § it 16tt1ce spacing.

That is qFrlse any ropriate rntrinsic
*f'h ‘ﬁ’é’lg“@ﬁh‘ﬁhé’é ‘F%@%"["r‘ﬁﬁ f Sﬁ*hﬁta*ttﬁ'év eistirved sifieog|letice 2085, form a
comprespiyelt freinelistdidnewnts sEitgereiter litiog arsn?ef, nok-N@inbaylR6n/R2dBnium with
respect ORificdde SphibMY, ARicbaibhbéh HoENorCANPI BSStoMEa SRRt @LAQ tensite
strain. 1O enhance the strain created by the respective
silicon/germanium material 230. In other enbodi nents,
the strained sem conductor material 230 may be
conprised of silicon and carbon, thereby inducing a
tensile strain in the channel region 206. In this
case, the contact etch stop layer 218 nay be provided
with high intrinsic tensile stress may be acconpli shed
on the basis of appropriately selected deposition
paraneters, as is previously described. Simlarly, as
descri bed above, the recess 212 may provide further
enhanced stress transfer into the channel region 206,



approximately 1-20 nm and a depth 2300 of the strained

sem conductor material 230 in the range of

approximately 30-50 nm a significant increase of the

vel p@rmeids t he channel region 206 nay be obsecyad2o07/004689

Fi gure 2h schematically ilisustrates the sem conduct or

devi ce 250 according to further illustrative

enbodi ments in which the device 250 conprises a first

transi stor 200p and a second transistor 200n of

diFighee 28 sthengatppdiy dluitnated thie deyipel0 adeorting soanfiliggtrativia @mbodiment in which,
after thel c@MSEtHh GF th B FRY 28Nl S epdaxlt ShRQACE LsaNe ;§Bcﬁ§ses and the

like, a @tgl%eé Qﬁuc&[d@n@é Iﬂgcx%’l Z%QQQWHEM ﬂ{e%ng;egl%gﬂxtlg r@c@ss '\kh%{%ﬁnlﬁ ﬁus embodiment,
thestr; egnes xcsc’)tcg;trriaée%air (E %r e fi Cosn ! léll‘é% it c T vy ndin
TR RETerore P TRE ¢4 ‘%?F?"f@‘ry %f“%“;}y%‘bﬁfi? grgonding
recess MHthapt SEETNg 2@ QYT aﬁorf@do pivite wespseprtreicfor bsubieauentrsiinidtion process. n
other e2BBlimam3 ek @ilrte daveyiet: onfdha ﬂ@@&lfo&&p&ﬁdh%“}ﬂf Obckds @Serdegree of

underfRIGHG GR %iﬂ&aﬂn@ﬁ Sn 'th@ ﬂlluklﬁn&féﬁdmﬂ sh&v@xgé Qﬂ,%n/géPrﬁ Jaﬁigxdaeltu‘QQMuctor material
230 m%rhaa‘t{r een {cj)rmgg P r cx:’oewdre g%soegtﬁre gom res%ve Sl]'allf h@lem%a éhg ts%/;%eé gPSyhavmg the

as o correspon
width R08H 7 RAPPipatop Eh haprareEpyRactert tghefich g‘i"“ﬁ%’-’éﬁﬁ"’é‘?‘ﬁ'ﬁ“y determines
an offsP00 fre sEjnehamEofdgrmpdtetid 230edib osspco fik g8t eleonik ACt magtbe Femoved on

the basklo®Pell-AYRshed IRiive WO £hpeL the@ﬂs thb &wngt 1BRr PfbLIBBORNIEA. Afer
the rerﬁoelgl%)si ﬁ]é %%A%er Zﬁﬂ grcgr%spogtgra; ggcgr rg 1me llcu%edt 1{1] %rdgrt tfr) ap‘xlﬁ}%ge the required

e oo g §‘é’é"dﬁ‘8’°"t“?‘ﬁf%§a§e? gqgu%%rﬁ R amion egions
and drijeqndpreirce wpipict et ch stop | ayer 218n having a different
type of internal stress so as to correspondingly

| @%51‘@@@ %ch@m§§:£l§|1{hsﬁ‘zmas tikeseﬁaf%&ﬁﬁ&&hd\éﬁ%&ﬁ@%@ d Qogflc Qndmg process
uct or

sequen%, Fx f:rcrme %n oe C(it sqacer ?{1} maﬁ,cl))fc 1rxrs§ Foa (ri]cg' Bgfng fnhcxteflsmn r%gmgr%gl gve e °ﬁ'8 or more
final Spéiiﬁtz%\%’f’ayé’t: &154 &p prfanipion sask pagpe g gn Pplagition progess rier forming drain
and soged stpis Al4a I spa@s23p reapinbitkgiby wiix (pé @hdaeTh I Whstahwittk SPeChattiOgreater
than tht B&reGRALRSAAR bV vslh@rylﬁ ﬁt%h{gdihaﬁ,ap&récm&ﬂ thataﬁc Ridth 232W may include the

width o%gln §f§sg gepsgr%?:l téﬁ%ﬁ éug chznmb 9;“ a(f 0 bg usct? %‘ér ex; %zlmufa(aurmg processes, such

trai ned sem cond
asa S“Bi?%*‘reﬂ“éﬁ}’i“‘ﬁﬁ“”l‘ By e, *hﬁﬁy‘fﬂﬁ@‘ %‘f"f“r”-&?"é ﬁt"wwcaofﬁsa?cﬁ@oof% petween a metal
siticidedefiop ¢ leaformed pigen e stpirairshisidcer yterat 230 @alst popios RIVKEAIMA graterial

230 lochiB®neSdts dé @dheis@MnQ@duct or material nore closely to
the gate el ectrode wherein, in sone illustrative

1 eﬁ({fg}p acﬁl it a recessed transistor

CORPS GUFTIRIR %%s %S&%ﬁ%&ﬁfﬂf OV o Aoy Ermed metal
silicide apgipgh Jé? Whr@irslh? E‘TS@SPP‘F'&‘Q sffest 2R of in st filigfde trgions 217 in the strained
semicogdggPectaivieB3ga st thedse ehdconteagdione t Bths fbaqd) @K Saterally positioning a
stramcdaﬁmﬁm[dﬁé‘!&-lrﬁater:&lh)@m@&rnwgsmhﬁu? példx%@zﬁ@‘ﬁbxﬁ’@ég@xﬂﬂ? and the channel

region Iﬁ)@ é&g‘%genhf gonﬂargr convgra:m%a[::s?rate%les thl'élge snagers of thc Wl(PhS éS%ﬁ/ may also
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as to enhance the strain-induci ng nechani sm provi ded
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wi th an enhanced efficiency of an overlaying stressed
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20 CLAIMS: 1 A sem conductor device (150, 250),
conprising: a first transistor (100, 200) of a first
conductivity type, said first transistor (100, 200)
vopprisigag: a first gate electrode (105, 209r-1fiRbd¥BH46s9
above a first channel regipn (106, 206); a first gate
i nsul ation |layer (104, 204) forned between said first
gate el ectrode (105, 205) and said first channe
region (106, 206); first drain and source regions

(114 214) fornmed adjacent to said first channe
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120,
I‘xgure]SZJaiT tsf!t a%eéta eﬁpé)m %qagﬁp eltcg);séc} se{eitorgr epa%%)growgmocesa a recess 212 is still

provided ad]acent to the gate electrode 205. That is, the epitaxial growth process may be stopped at a height
level that is below the level defined by the gate insulation layer 204. For example, the recess 212 may have a
depth of approximately 1-20 nm, when the material 230 is formed down to a depth of approximately 30-40 nm.
Thus, by not completely filling the previously formed cavity during the epitaxial growth process, the process

time may be reduced, in addition to providing further enhancement of the strain-inducing mechanism.

In other cases, the device 250 as shown in Figure 2b may be subjected to a further etch process for
removing strained semiconductor maierial in order to provide the recess 212 when a control of the selective
epitaxial growih process may not result in the desifed process uniformity. Thereafier, the spacer 208 may be
removed and further processing may be performed on the basis of device spacers, such as the spacers 231 and
232, having the increased spacer width 232W in order to form the drain and source regions 214 and the

extensions 211,
Figure 2f schematically illustrates the device 250 after completion of the above-desoribed processes.

Figure 2g schematically illustrates the device 250 in a further advanced manufacturing stage. The
transistor 200 may comprise metal silicide regions 217 which may be formed on the basis of the spacer 232, as
is also described above with reference to Figure 2d. Consequently, a certain amount of non-silicided strained
semiconductor material 230A is provided between the metal silicide region 217 and the channel region 206 due
to the offset provided by the increased spacer width 232W compared to the spacer width 208W used for forming
the respective strained semiconducior material 230. It should be appreciated that the formation of the metfal
silicide regions 217 in the gate electrode 205 and the drain and source regions 214 may be performed in a
comumon process, as shown in Figure 2g, or may be performed in a more independent manner, as is for instance
described with reference o Figure 1h or in accordance with any other appropriate regime. Moreover, the device
250 comprises a stressed contact etch stop layer 218, which may comprise any appropriate infrinsic stress so as
to further enhance the strain in the channel region 206, In the embodiment shown in Figure 2g, the layer 218
may be provided with high compressive stress in order to enhance the strain created by the respective
silicon/germanium material 230. In other embodiments, the strained semiconductor material 230 may be
comprised of silicon and carbon, thereby inducing a tensile strain in the channel region 206. In this case, the
contact etch stop layer 218 may be provided with high intrinsic tensile stress, which may be accomplished on
the basis of appropriately selected deposition parameters, as is previously described. Similarly, as described
above, the recess 212 may provide further enhanced stress transfer into the channel region 206, since a
significant portion of the layer 218 is formed within the recess 212, thereby providing direct “pushing” 218B or
*drawing,” depending on the type of stress, with respect to the channel region 206, In this way, the strain of the
non-silicided portiont 230A may be combined with the additional direct stress 2188, thereby resulting in a
corresponding high strain in the chamnel region 206. For example, for a depth 212D of the recess 212 of



a first stressed layer (118, 218) fornmed above said

first drain and source regions (114, 214), said first

stressed |ayer (118, 218) extending into a recess

wWd i@ 21R®) formed by said first recessed dr@tmﬂ@ﬂﬂwmumg

source regions (114, 214) 8 a second transistor (100,

200) of a second conductivity type other than said

first conductivity type, said second transistor (100,

200) conprising: a second gate el ectrode (105, 205)
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said second gate electrode (105 205) and said second
and source
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same c§iH¥1§ %%?apgry 33 frewousg exp ameg wnl? refe Qe%gel 0 theotzr:!lnsts? 200 l:l'eré}n, however, the
correspondn g’ profiles and concentrations in the channel regions 206 and the drain and source regions (not
shown for clarity) may be selected so as to correspond to the respective conductivity typs. Therefore, the first
transistor 200p may have formed thereabove a first contact etch stop layer 218p, which extends into the
comesponding recess 212 in order to further enhance the strain created by the strained semiconductor material
230p. Similarly, the second transistor 200n comprises a second contact etch stop layer 218n having a different
type of internal stress so as to correspondingly increase a strain in the respective channel region provided by the
strained semiconductor material 230n. With respect to the formation of the first and second contact etch stop
layers 218p and 218n, the same criteria apply as previously explained with respect to the corresponding layers
118p, 118n. As a consequence, two strain-inducing sources, ie., a strained semiconductor material and a
stressed overlaying layer, may be efficiently combined for different types of transistors by at least positioning
the strained semiconductor material more closely to the gate electrode, wherein, in some illustrative
embodiments, additionally a recessed transistor configuration may be provided in order to even more enhance

the stress transfer mechanism for the respectively stressed contact etch stop layers,

As a result, the present invention provides an enbaneed technique for the manufacturing of transistor
elements having formed therein one or more strain-inducing sources, the efficiency of which is significantly
increased by positioning the respective strain-inducing source more closely to the chanpel region of the
respective transisior element. In one aspect, this may be accomplished by recessing the drain and source regions
and forming a stressed layer in the recess, such as a stressed contact etch stop layer, which may now generate
the strain in the channel region more directly. In other aspects, strained semiconductor material may be
positioned more closely to the channel region, wherein deleterious strain relaxing effects from metal silicides
may be reduced or substantially aveided. Consequently, increased cificiency in providing strain in the chaune!
region may be achieved. Furthermore, the different techniques may be advanfageously combined so as to
enhance the strain-inducing mechanism provided by a strained semiconductor material i combination with an
enhanced efficiency of an overlaying stressed layer by forming the same in a recessed drain and source region,
Since one or more of the preceding techniques may be readily applied to different transistor types, a high degree
of flexibility in individually improving the performance of these transistors may be obtained.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but eguivalent 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 corstruction or design herein shown, other than as



a second stressed | ayer (118, 218) forned above said
second drain and source regions (114, 214), said
second stressed | ayer (118, 218) extending into a
weeessidsl2, 212) fornmed by said second recagsad@babso
and source regions (112, 2i#); wherein said first
recessed drain and source regions (114, 214) conprise
a first strained sem conductor material (230n, 230p)
and sai d second recessed drain and source regions
descrified i the olaju betoy iy theelere gedepibit g paiiqradenbedinaBnitetdabove may be
alteredngt serdifadl a2 30 meh 280Jus @ichefisideRA R e fcbfeSind bk 8 invention.
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sem conduct or device (150, 250), conprising: a first
transi stor (100, 200) of a first conductivity type,
said first transistor (100, 200) conprising: a first
gate el ectrode (105, 205) forned above a first channe
region (106, 206); a first gate insulation |ayer (104,
204) forned between said first gate el ectrode (105,
205) and said first channel region (106, 206);



first drain and source regions (114, 214) forned _
adj acent to said first channel region (106, 206), said
first drain and source regions (114, 214) having a top
surface that is recessed (112D, 212D) with respect to
a bottom surface of said first gate insulation |ayer
(104, 204); a first stresséd |ayer (118, 218) formed
above said first drain and source regions (114, 214),
said first stressed |ayer (118, 218) extending into a
recess (112, 212) formed by said first recessed drain
and source regions (114, 214); a sidewall spacer (232)
formed on a sidewall of said first gate electrode
(205); a netal suicide (217) forned in said first
rain and source region (214) adjacent to said
GJ@M@%M@II spacer (232); and a strained sem conduct or

material (230) in said first drain and source regions

2hdondacotéien16b, .mjlgdcoﬂ righped seni conduct or
A(rrat e?l al ?230) for el OVF\jIr sal d sidewal | spacer

a first transistor (100, 200) of a first conductivity type, said first transistor (100, 200)
comprising:

a first gate electrode (105, 205) formed above a first channel region (106, 206);

a first gate insulation layer (104, 204) formed between said first gate electrode (105,
205) and said first channel region (1086, 2086);

first drain and source regions (114, 214) formed adjacent to said first channel region
(106, 206), said first drain and source regions (114, 214) having a top surface that is

recessed (112D, 212D) with respect to a bottom surface of said first gate insulation
layer (104, 204); and

a first stressed layer (118, 218) formed above said first drain and source regions
(114, 214), said first stressed layer (118, 218) extending into a recess (112, 212)
formed by said first recessed drain and source regions (114, 214) ;

a second transistor (100, 200) of a second conductivity type other than said first
conductivity type, said second transistor (100, 200) comprising:

a second gate electrode (105, 205) formed above a second channel region (106,
206),

a second gate insulation layer (104, 204) formed between said second gate electrode
(105, 205) and said second channel region (106, 206);

second drain and source regions (114, 214) formed adjacent to said second channel
region (106, 206), said second drain and source regions (114, 214) having a top
surface that is recessed ( 112D, 212D) with respect to a bottom surface of said
second gate insulation layer (104, 204); and



22 (232) to be located laterally. (217A) between said
metal suicide (217) and said first channel region .
(206). 3. The seniconductor device (150, 250) of claim
1 or 2, wherein said first recessed drain and source
regions (214) conprise a figst strained sem conductor
material (230n, 230p). 4. A nethod, conprising:
form ng a recess (212) adjacent to a gate el ectrode
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and form ng drain and source regions (214) at

208)
Wghﬁépéf‘ spiff fisdireressechinabdansesrivecendgione 1 1HRR&4) @mprise a first strained
semiconductor material (230n, 230p) and said second recessed drain and source

regions (114, 214} comprise a second strained semiconductor material (230n, 230p)
other than said first strained semiconductor material (230n, 230p).

. A semiconductor device (150, 250), comprising:

a first transistor (100, 200) of a first conductivity type, said first transistor (100, 200)

comprising:
a first gate electrode (105, 205) formed above a first channel region (106, 208);

a first gate insulation layer (104, 204) formed between said first gate electrode (105,
205) and said first channel region (106, 206);

first drain and source regions (114, 214) formed adjacent to said first channel region
(108, 206), said first drain and source regions (114, 214) having a top surface that is
recessed (112D, 212D) with respect to a bottom surface of said first gate insulation

layer (104, 204),

a first stressed layer (118, 218) formed above said first drain and source regions
(114, 214), said first stressed layer (118, 218) extending into a recess (112, 212)
formed by said first recessed drain and source regions (114, 214);

a sidewall spacer (232) formed on a sidewall of said first gate electrode (205);

a metal suicide (217) formed in said first drain and source region (214) adjacent to said

sidewall spacer (232); and

a strained semiconductor material (230) in said first drain and source regions (214), a
portion of said strained semiconductor material (230} formed below said sidewall spacer



(230) on the basis of a second sidewal |l spacer (232)
having a second width (232W greater than said first
wi dth (208W; wherein formng said strained

sem conductor material (230) conprises formng at

| east a portion so as to bel¥ecessed (212D) with
respect to a gate insulation layer (204) |located
bet ween said gate el ectrode structure (205) and said

. D. et hod, rising
1 R S e B2 7 et el oo gk onbae s
Céﬂmﬂﬁd:tagiw €285) in a sem conductor layer (203), said
gate el ectrode structure (205) conprising a first
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(208); and form ng drain and source regions (214)
| east in said strained sem conductor materi al (230) on
the basis of a second sidewall spacer (232) having a

wi dt 232 reater than said first wdth
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forming a recess (212) adjacent to a gate electrode structure (205) in a semiconductor
layer (203), said gate electrode structure (205) comprising a first sidewall spacer (208)
having a first width (208W);

forming a strained semiconductor material (230) in said recess (212);
removing said first sidewall spacer (208); and

forming drain and source regions (214) at least in said strained semiconductor material
(230} on the basis of a second sidewall spacer (232) having a second width (232W)
greater than said first width (208W):

wherein forming said strained semiconductor material (230) comprises forming at least a
portion so as to be recessed (212D) with respect o a gate insulation layer (204) located
between said gate electrode structure (205) and said semiconductor layer (203).

. A method, comprising:

forming a recess (212) adjacent to a gate electrode structure (205) in a semiconductor
layer (203), said gate electrode structure (205) comprising a first sidewall spacer (208)
having a first width (208W);

forming a strained semiconductor material (230) in said recess (212);

removing said first sidewall spacer (208); and forming drain and source regjons (214) at
least in said strained semiconductor material {230) on the basis of a second sidewall
spacer {(232) having a second width (232W) greater than said first width (208W);



formng a netal suicide (217) in said strained

sem conductor material (230) on the basis of said
second sidewal | spacer (232). 6 The nethod of claim4
or 5, further conprising formng a stressed | ayer
(218) above said drain and source regions (214), said
stressed | ayer (218) ext endi- ng into a recess (212)

defined by said strained sem conductor material (230).
a first recess 112

. d,.c j.sing:. formn _
G TRRHETRIE) G0 alrdury D Cpnbstor swsgrap 230 on the basi
off saigtsetorel ddefdlleptcdriadyi stor (100, 200), said gate
el ectrode (105, 205) |ocated above a sem conduct or
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regi o and a source re
sidewal | spacer (115, 232); and forming a first
dielectric stressed |ayer (118, 218) above said first
field effect transistor (1002, 200), said first _

. Adnhethegtoohprisihgessed | ayer (118, 218) being forned in
said partially filled first recess (112, 212) such
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partially filling said first recess (112, 212) with a strained semiconductor material (230n,
230p);

forming a drain region and a source region (114, 214) adjacent to said sidewall spacer
(115, 232} and

forming a first dielectric stressed layer (118, 218) above said first field effect transistor
(1002, 200), said first dielectric stressed layer (118, 218) being formed in said partially
filled first recess (112, 212) such that a bottom surface of said first dielectric stressed
layer (118, 218) extends below a bottom surface of a gate insulation layer (104, 204)
located between said gate electrode (105, 205) and said semiconductor layer (103, 203).

. The method of claim 7, further comprising:

forming an offset spacer (108, 231) on said sidewalls of said gate electrode (105, 205),

and

forming drain and source extension regions (111, 211) on the basis of said offset spacer
(108, 231).



form ng an of fset spacer (108, 231) on said sidewalls
of said gate electrode (105, 205); and 24 9. The

met hod of claim8, wherein said drain and source
extension regions (111, 121) are fornmed prior to
form ng said recess (112, 2%%) 10. The net hod of
claim?7, further conprising:"formng a second recess
(112, 212) adjacent to a gate el ectrode (105, 205) of
a second field effect transistor (100, 200), said gate
el ectrode (105, 205) of said second field effect

transi stor (100, 200) |ocated above said sen conductor
Tihgyfesthod efsclaipR yharedn seid idredn &t seedceorxtaisitewalioss (111, 121) are

f@mmq%r@ foirfiRyBAil rSRRE 8114 %%% 232); partially

filling said sécond recess 2, 212) with a second
strai ned sem conductor material (230n, 230p); form ng
a drain region and a source region (114, 214) adjacent
to said sidewall spacer (115, 232) of said second

. The etadhef dfettimt7; andest@np(sk@0, 200); and forming a
second dielectric stressed |ayer (118 218) above said

200
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bet ween said gate el ectrode (105, 205) of said second
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sem conduct or ayer Sal secon

maferiak@adn 1230y (118, 218) haV| ng a different type of
intrinsic stress conpared to said first dielectric

fosrhing asfeain @Y€ afdd 8ourdd Bdgion (114, 214) adjacent to said sidewall spacer
(115, 232) of said second field effect transistor (100, 200); and

forming a second dielectric stressed layer (118, 218) above said second field effect
Uanﬂskw(100,2OOLsakisecond(ﬁeMChk:s&essed!ayer(118,218)beMgfonnedin
said partially filled second recess (112, 212) such that a bottom surface of said second
dielectric stressed layer (118, 218) extends below a bottom surface of a gate insulation
layer (104, 204) located between said gate electrode (105, 205) of said second field
effect transistor (100, 200) and said semiconductor layer (103, 203), said second
dielectric stressed layer (118, 218) having a different type of intrinsic stress compared to
said first dielectric stressed layer {118, 218).



