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STRAI' N ENHANCED SEM CONDUCTOR DEVI CES AND METHODS FOR
THEI R FABRI CATI ON TECHNI CAL FI ELD [ 0001] The present

wo venbsgn generally relates to strain enhance@r/us2008/004692
sem conduct or devices and to nmethods for their

STR AN E0B{ANCEDRSEMICONIMECTORIDEMIF ESAARDEMETPIODS FOR THEIR
sem conduct or devi ces having strain inducing enbedded
regions and to nethodsFF@HU%éBHO@htlng such devi ces
wi t hout causing the strain to be relieved. BACKGROUND
[0002] The majority of present day integrated circuits
(ICs) are inplenented by using a plurality of
i nterconnected field effect transistors (FETs), also
cal l ed netal oxide sABCHNICAL®IELDel d ef f ect
transistors (MOSFETs), or sinply MOS transistors.

ncl udes a gate eleﬁ de as a .control elegp%a

t
0004 ThS BreeiR anBertton GehulTk kel &6 sivein Gahimad SeBdrRguor devices

and twﬂ?ﬁéﬁkbcﬁ f6rHheR Fhbriclioh, M. m&e%ﬁﬁdu%lw&iatt@% seRRdon@EctbPdevices
the gate el ectrode controls the flow of current

havingh stoig Hnduaiig embeddask vagdonst el soumethodsntprdiabiipating such devices
ortant paraneter associ ated
Wlm%tf:'ﬁusﬂégf’rsg%g %ggfeé’e’vggphe devi ce resistance ("on

resi stance") fromsource to drain when the device is
turned on. The total OBACKGROWNI® i S the sum of the
channel resistance plus the external resistance. The
channel resistance is a function of the nmohility

of
[000%}s; bh¢ mpiry of @resentdayhiategaated sirghierdes): arg ippglemented by using a
pluraP%r Qﬂ‘ei éréo 'cfég ?iq}ﬂale'ffeg‘ %Jﬁ%%ﬁ)& (tF%ﬁ' s§1o Pisb' EMled! Iﬁ‘?etal oxide

annel resistance external resistance
sem1¢0mdhctde§1ehl eifedi erans{stare (MO Es)] oclsioplygMiOR tmandistors. A FET

ted to t resi stance through each of the source
includich BT PRl 5 1CORA PGP P AcHPatt SRLe B0 (e electrodes
betwéémrvﬁl@h aAndrdhedah &8 Aontdol vbﬁageruwnea & 8RNARCAettRRle controls
nmobility of majority carriers by applying a strain to

the floweof cherAmichroughiashannx] befivisen gh spardegmdidrudictrgirodesr ai n

enhances the mobility of majority carrier holes in the

[0001{:]2&1@;9%11 o Al é%r%g%gf %sg%d(ve Mfﬁoé It st%trs L tﬁg %e%c? resistance

rain nces

("on rBjsaancé'y froat soece @l drain i the detiee (i:shtal’mﬁl oerThEH‘total on resistance
N-chapnel  MOS (NMOS) transistor. Such channel strains
thesym gethe ﬁﬁ%}@ébreévtaéﬁ%awa ithfyexierapl repistanegy uElpeghannel resistance is a

functm?\n&ctﬁé( "?ﬁd'blllllt rlff rﬂaBﬁf}) @a'méx@tlﬂ tﬁ@@ev%&'&%ﬁg@in derdr ?h@meters being

regi ons of nsi'st or. I's al so wn to uce
equal; e bigher ﬂnal molaht)s tthe dmvctrrtd:b lﬁlilamg-,;l tremstamei sSTheerternal resistance

h t source and dra nd the contagt
incluf et BPRrah G meua dnee Rn el A g oAt Bysroraftigeeh cach
of thsdiRéePdndli drhifiir @h@a&&tm@ RBA@BE refiStahfitoSRY SR cdat @R Rgions. It

regions. Unfortunately, the formation of a
is known to enhance the mobility of majority carriers by applying a strain to the channel
region. A compressive longitudinal strain enhances the mobility of majority carrier holes in
the channel of a P-channel MOS (PMOS) transistor and a tensile longitudinal strain
enhances the mobility of majority carrier electrons in the channel of an N-channel MOS
(NMOS) transistor. Such channel strains can be induced by embedding a strain inducing
monocrystalline material into the source and drain regions of the transistor. It is also

known to reduce the external resistance including the resistance through the source and

drain regions and the contact resistance to the source and drain regions by forming a metal
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metal silicide layer on the source and drain regions

has the side effect of causing a relaxation of the
woHohgiNe@n t he channel region caused by the erpadaeshs/0o4692

material. Suiciding the source and drain regions to

silicidee hiyeie cériaetiingt the salirce emd drainCie glonsls Uriprtiegely e tHeh@drmation of a
possi bl e reduction in channel resistance achieved b ]
metale pihjerggi 19yera 0B 1thG i SQuIssand dgpingesienshas [thoeide effect of causing a
relax en %a%f?gg ggélrrﬁ drfl o%ld u cfg(g'r& d%%rﬁg&ﬁgdj?ﬁ‘éﬁeﬁn@ep@%{lﬂ%%gwl. Siliciding
the sduptaahnddrairessigiinanac eechice alskdexternal rebistanse thess inigbhegateothe possible

rovi de nethods for fabricating a strajn enhanced .
reduckigRin ENIEL 611 GBSA EDINEY Mgn}baaﬂlaa asgangipdyfipg material.
Furt hernore, other desirable features and

[OOOQhaA@&Jf@i‘h?EI, iCE @siabR ' B0t 4 S¥SRIdnAAnMd! denREGRIIBLOr device

apparent fromthe subsequent detailed description an
havinghea eptiseinerbtota| ani 1esistanegk el additdwmjituis clesioablevta prowvive methods for

.acconmpanyi ng _draw ngs _and the.faregoing technical
fobriiGE AN BB GGRE " AU RIPE B0R] e iance. Furthermore,
other aleSipdle i&Rurds tafid @ASrae@HNElsaMthe PrésbhinPeRSIARAE Become apparent
sem conduct or devi ce having a source region and a

from dhe subseaysing netadlsd rdgseriptiop andsthe zappendeshelaimes, takegi ipncengunction
: ided T i ce jncl : te el
wits B G445 PR A Sl DS RRR SOEPLS R ehope

silicide contacts to the source and drain regions. An
el ectro-1less plated cBRIERSUMMARMr overlies the thin
silicide contacts and a stressed insulating | ayer

[00053V ]? fé’lllr %3%2){&32125 gglitdher&emel fegntatr)q?g%ﬁ%t‘[j gloé)rGa :93#1%%88 ][ sg%qgo%d\{l\ﬁct%p device
having@PTsbGRE! RGich ahd @l BradN g6k GepaTicAohdUC k@4inde th&thel Aegion is
Strain i nduci ng sem conductor material is enbedded in

providé¢re Theidewicemtlelesiangate gleowedeopverlying)thei srined ¢hadeelgegion and

. strain.i.n the, device channel . Thin netal silicide
win ke Mol QFER-G e PRECang dhreiipa nAPcbiebne e plated
cond@$ive ddyelr @ve@iek el tHil 8iliciidUstactd 4rdl A stréssk@Yidulaing layer overlies
conductive material is selectively deposited in

the gt gleglkpdsai th the thin netal silicide contacts, and
net al I ized contacts are forned to the conductive
[0006T8L K dcRbrdaRR &hih FFE&Q&&%PI dﬁngﬁég\’ii\'@%v%&gofﬂ fifeating a
present invention W erei nafter be destribed in
strainc emjanned isomiauintlhctbhele el o rsgrahr anducingf sguiceaductor material is
wherein like nunerals denote. |li ke el enents, and . . .
embeged i ﬁf’o‘iﬁ’b‘gﬁe #dcdrain regaons) ¢l b device Pringiisse Stalgtipghe device
chani@l SThidi Hct8NRAAE Eorlth&s HRMbARePRANETOASnd air Iteﬁitons SO as not to

~ fabrication in accordance w th various enbodi nents;
rellev[e@h):)gl}iuq;qmaim 1A dayer phkerductiye materiahistsaleEli Gy dgp@pited in contact

with {hleltﬂxsﬁt r%gtta? sililc{?leccrc)91§a%ts,sgx(1: Imoe?dlliiaedséorn?alcps are formed to the conductive

material.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will hereinafter be described in conjunction with the

following drawing figures, wherein like numerals denote like elements, and wherein
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enhanced MOS device and nethods for its fabrication in
accordance with alternate enbodi nents; and [0010]
woRbésp27d3 and 16, taken together with FIGS. 1@ /1352008/004692
FIGS. 1-14, illustrate, in cross section, a strain
[0008InhEIGS:d - MDBldexiecih @osh seetidi dstrhibrenhhiscel MOSadRliceintd inethods
.accordance with yet further enbodi nents. DETAI LED
for itpiagrigption IBNMCFYFGaNge Wit VARPYSSRIOYIBRINSI | ed descri pti on
is merely exenplary in nature and is not intended to
[0009] "FiG$.hE1- i vierdd R%Sﬁfer With RIOS.| 8! IRSrABin &8ss Q%tlhﬂea strain
invention. Furtheriore, there i's no I ntentlon to
enhaied NMQYy deviceeapd astbddofor ntsl fabticatiomoiiry aocardemdtee svithn alternate
bthe r,ecgdi ng technical field, background, brief
em OSE}H-F}E r the followi ng detailed description. [0012]
FIGS. 1-16 illustrate a stressed MOS device 30 and

[0010¥et RIGK . St5emd 160 takBR Paledier WithEIGSU ¢ 02t FYGS. ¢avi ARisirfte, in cross
accordance with various enbodi mants In these

sectiqn, [aprajrpeithaaced W device asd methody farass frbpicatéorBm dasordance with
yetﬁ{}ﬁfgp}ﬂ%gm@wsr I\/OS. (CMOS) devi ce he!re illustrated by a

si ng fansistor 3 1 and a single PMOS

transi stor 33. As will beconme clear fromthe foll ow ng

description, the vaDERSIIEBHDHESORIPTIGNe directed to

the fabrication of an NMOS transi stor having enhanced
and/ o tranS| stor that also has

b' it
o017 Do S8 e fe1odh SEPER. 15 UG BRI Mgt and s no

mtenH@MonlgmﬁLtﬁ@ hvRhtiON of ‘iﬁé %ﬂﬁﬁ@o&ﬁ‘lﬁf Bk iRd ii3ntidi OFBrthermore,
of skill in the art will recognize that the invention

there cig mob mtension; ledbe (boandtlbmsnryevxmesse@ osum@lled c¢heory gireddme8 in the

precee Ty b, Boche b BO iy oL B iR saieg gescription.

fabricated in accordance with an enbodi nent can

[0012]ncFlGBe a-l6arifestruwrber sedssele WIOSs devicth 36 deyi fRethdd, steps for
may al so include both stressed and unstressed PMOS

mam*?%ca 9 pishoan MOS (dedissdn asserdaney pisboiopebodiments. In these
111usntah@@3én§ﬁdaﬁxﬁent£ %%?JedVMO§Ux1% E&eﬁfﬁ id E&ﬁpl‘éﬂﬁ&i{aﬁftl\%b% (CMOS)

transistors are wel and so
dev1cﬁ: ﬂltendsmaneﬁd lb)jr evmgye NMO tramwistens I andad sisgle PM@S lttangisdoy 33. As

il o B SRS ol et ol e e et 1

the fabgic@tidrSof N NMOYRrah§iSiof @aing M&Y hﬁ)%xht? aR8/et IayPMOS transistor
refers to a device having a netal gate electrode and

that aisp brs gahaggedimehilian e achipes atsenmmwdudztobdemedlavmg superior on

refer 0 em_conduct or._ dev
resisthil AR, PR E A Syl BFBCPRLEEEO it Tl B abiThigp con e
apphat hﬁﬁ CMOSUdd VoS anﬁhﬁlél dahndl MMOS dasd, drabaing¥ @harthel PMOS
gate jnsul ator (whether oxide or other insulator)
devicgp iAdhintggrated, pﬁcuq formed from stressed MOS devices fabricated in accordance
with an embodiment can include a large number of devices such as device 30, and may also
include both stressed and unstressed PMOS transistors and stressed and unstressed NMOS

transistors.

[0013] Various steps in the manufacture of MOS transistors are well known and so, in the
interest of brevity, many conventional steps will only be mentioned briefly herein or will be
omitted entirely without providing the well known process details. Although the term

"MOS device" properly refers to a device having a metal gate electrode and an oxide gate
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positi oned over a sem conductor substrate. [0014] As
illustrated in cross section in FIG 1, the

wofa6i0aii on of stressed MOS device 30, in aceerA&AGR/004692
wi th an enbodi nent, begins with providing a

insul&e17i dan cimt aill Sj&bﬁdeﬂal)ﬁ)@ﬁoditaw Refert s Uhy aeMicdadudibe device that
sem conduct or substrate can be any nonocrystalline

includesn? coRiNsEY® Bateaglestroge, (Whgther gnetaledrepthey gonguctive material) that is
: ta W€
posFRBPSAE L b SURUP IR By WO LAGEE o .
positimeedaovertameanmmpasssniH%&atreeI atively pure silicon
materials typically used in the sem conduct or

[,ndystry. Sem conductQr su wi || rein )
001417 &5 ildptrE oo -eeioh TP L beibe AbiRaRp R ggEwed MOS device
30, il AdTotBhEOWithas e%b%dhmerﬁnbéga&ksmﬁb?ow&' Bg%%eﬂﬁcoﬁhbétbr édissuate 36

the art will recognize that sem conductor substrate 3
havingara ghdfaecdoa3 or rfbd @tmwphéuct@emubsimﬂ@ctamr beatagy | aiosxocrystallme

[ con

semi e 3R malcPiol PRSP eferehl o BELETHAE Siron Ribsprptgehercin the

termsSisilicoR RubsREd T Ade siHR o ByePewdl bellikedHdrdifi 06 eN@nffass Htrelatively
|IIustratedi or a thin l'ayer of silicon 34 on an

pure jsgi@namatagialsayypically gseshimrihg derggerslyctor industry.  Semiconductor
g\ 0 t tu I
s 4L BN A0, T o Wb bl B . o

siliconestibstedtel udhose stikialiriatiee 36 wisl, redsgrigy that lséxﬁﬁ;bﬁ(ﬂicﬁﬁr, substrate 36
without limtation, an SO wafer. Wiether forned of
can gt der yarmed| pheoths ﬁ%ﬁomu%wgla&trw& shelh@er yer gkample, silicon
C t
germEIARIGHE L REoRBABELTSIC) AALGRRERIR B el bubstrate 36
may bé athudk siliben mafer (net Ellmstﬁﬂkd)smbstlllatleyer\nf [silidoa 34 on an insulating

aracterized by a.lattice consta ociated with
layer el BRPELY KppR a5, heTAE TR SRt SR dhftal (bR SpiPerted by a
s1llcoﬁaéh311&a%fe@ ﬁmr%ydbgﬁ ’serﬂ%h&i\%i& QhbsthieN36 il | £ORere illustrated,
layer 34 will be dope pe inmpurity dopants (a
without {4 1t|atlglg)anfS(QI wifer. f%em;afqnm:dojf nvnolagystadlineldili-on or some other
stors 3 ortions
monolé)t%pﬁ eneI srcrapnlljlgor%d]ucg)é &ag?réa ,(tgﬁ nﬂ’{%ﬂ“%‘je xpgtrerlfllhig)rmlng sulgstrate 36
and sﬁétbﬁd:a@l@t&hﬁﬂa?ér 3, ahae betdstrdeSs h HTHisab&fate, 3l bERBaracterized by a
P-wel | "and N-wel | can be doped to the approprlate

lattice gonsipnt pyspeigtedivith e smytallingsirycoire iofrflaamatariabn.
Shal | ow trench isolation (STlI) 40 or other el ectri cal
S t
0013)2 SRR, ENOB el Bt SRR AL U G 5 Bk wi
P-type maphatyi dopahtaye P-@6l1 t38) ﬁire:hd: fabchtign of dl-ctaanel MOS8 tdamaistors 31

devices as required b circuit. fupction bein
and 1) GFRRRRAITRE FSegobit Nt oty Spaniidag N-well 39) for the
fabridatiefk ®F PechahAA MO AR LSS B3t Ol'ﬁeopmlémﬁldsﬁlweﬁ Qaﬂ B€ doped to the
process need not be described here in detai
approgeAEreanducipityi fmleadmpleabs hierl Inplantatior h Shalkaw trsncét isplation (STI)
40 orI ﬁﬁl{?r ena%trl ésgfa%ﬁfqh/t (g ¢4 i ﬁ?ﬁn %grgiﬁ:%{ldéc (?rsgl{b%ttrgteaan% preferably

I'S SuU
extend§Shifoagh NBRIHet Jf. ml%drﬁBM e idsuRfigl Iager B5| @deMbitially isolate

the insulating material the surface is usually
individual devices as required by the circuit function being implemented. As is well
known, there are many processes that can be used to form the STI, so the process need not
be described here in detail. In general, STI includes a shallow trench that is etched into the

surface of the semiconductor substrate and that is subsequently filled with an insulating
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pl anari zed, for exanple by chem cal nechani cal
pl anari zation (CVP). [0016] Wth reference again to

wohb68/124643a | ayer of gate insulator 60 is formpdTais26d3®04692
surface of thin silicon |ayer 34. The gate insul ator

materi#ly Ddtek B¢ nntl i9rfAwad &ithi ®ennslilfkigd that@ialBHe RMrface is usually
heating the silicon substrate in an oxidi zi ng anbi ent,
planagizegrd9r examplejby shgmisal mechanigaloplarayization (GME)! i con
oxide, silicon nitride, a high dielectric constant
[0016]”3W191tx‘3fer§t%%t5 gf?n tg'&:)fé' qzlgyé}rof e ll’lélh E?g h{l&gat e surface
I'nsul at ors can~be deposite exanp em ca
of thma;pimondeyms’&ﬁt i e gafé\ﬁa)sulatoomagrrl&s&mlm@mahhmpﬁﬁxide formed

LPCVD sma enhanced chem cal va
by hedlélB é }e 1%n pfq Rg aMbent, Propay E a %ogﬁed insulator

such hI§ k'ﬂll@&l‘? bx{A€, dificéh AiftfleT8high &E%Mlc%hétﬁﬁr} gll%i’ Q%I]]t;ﬂqlif Si,0,,

grows only at the surface of e silicon ayer
or thgalike.i ldefdoaited immiatoisatan be tdepbsitdd] yord ek @mplen diyetkersical vapor

cepogfiFh (e YBbda PE i bR e e PBE L HOBI P b O bp Bl aphanced

chemiidal tVaBorS ﬁéﬂdéﬁﬂﬁlU(FEEVEP'bSAE aligstiated?irS €16 C AN QU Blsulator 60 is a
material other than silicon. In accordance wth one

thermahy go wie sidican Hipxide that gawe onlyet theoniefate oﬁihqgllmnéayeal The gate

. I 1 1,s d d
msul?ﬁre ﬁ"léfaél?léif Olc\{lﬁ%ﬁlsfn(g lu%n{ nefi,tesrls [g' C éréilgc e g%rgf(:) ngp ications it

may lbwid\hmta@@cbus tb idepdsit the Batetifisul dtay espeefallgat ﬂle%leﬁﬁédn@d&or substrate
formng material will hereinafter be referred to as a
is a Sﬁlalcyeé%?ramptieﬁel ather tham siliggrer Imaqcpusiagee Wibwe gmbegiment a layer

of gaié‘elé&ﬁ)d@rﬁ)rﬁ% myt@ & 63 SIF% ar@y%ggtgllhﬁg%ﬁﬁ%éng glg%?sngg onto the

conauctive materials co used.
layerplﬂ S0 jmtlbltdri nEorSéds'e adrdiscusgioef mrabityout djmisdtiond tieslayer of gate

I I d i s suhsequentl
electrioﬁf)g(? 6‘6% l‘t?:l‘]enl{el Ir&):qfrqur@H to-p8 & po ycrgllsta llneysnhcon layer

althoRgH o5y §f adiliiip Qhé hxlt '»919rhrﬁ'i@fs@fnﬁ3&1atCrﬁE‘taﬁeordcﬁﬂélséotnﬁgcmfe%atenals
exanpl e, to a thickness of about 100- 120 nm by LPCVI

couldmlsa beeusedd r’l&gdnyqraﬁ;wﬂycmystaihns piligore is pﬂ;efeaq,béy déldlosmed as undoped

I | i :
polyef R SR fid B s BRgna; bl ety don ifeppagion. The
polycsystdIRaEsifitort htdpRl ¥&i ¥e H?ﬁdslta& foi Exdnfle, tyhetht&hgssrﬁfgdfbout 100-

materi al can be deposited to a thickness of about

120 napby PSPy (thhypsiroggronegpctioneof] slpae. éf lapen %e@l@ardumashenatenal
4
such %%“L) 1%?1? og%eaﬁﬁ 3,{18 ullu‘?é/ @t s con%r %HR& n&b&ﬁ onGt R gurface of

ogr aphica patt erned Tr AnSitst of
the pagtgstallmetsilivdas The haftﬂmﬁ& @aterihl mtb"eaiepdsneﬂ t6raQBkness of about
section in FIG 2. CGate electrode 66 overlies the
30 “‘%cﬂistql&hL%@Vp-\/\el | 38 of thin silicon layer 34 that

will forma channel 70 of NMOS transistor 3 1 at

[001R YU TRCRy&2of pdly é?ﬁhl'hﬁﬁ s{TRBA %Q Salike RyBCHS H’é}@ n@%k material 64 are
overllesthe ion of N-wel 9thg form a

photqbﬂamhmﬂyopat@m ta dorsi sM@IS Qansmbsgaat ebg&r(b(mse662md 68 as
1llustrape% 1R dss sgcsf}o%l 1|11|an 5' lda?e de&fole 6e6 c?\}ecr:hees the portlon of P-well 38 of
thin silicon layer 34 that will form a channel 70 of NMOS transistor 31 at surface 32. In
similar manner gate electrode 68 overlies the portion of N-well 39 that will form a channel
72 of PMOS transistor 33, also at surface 32. The polycrystalline silicon can be etched in
the desired pattern by, for example, plasma etching in a Cl or HB1/O; chemistry and the

hard mask can be etched, for example, by plasma etching in a CHF3, CF,, or SFg chemistry.
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the desired pattern by, for exanple, plasma etching in
a d or HBr/2 chem stry and the hard mask can be

woleeey3f Or exanpl e, by plasma etching in a @d/us26dshoscoz
or SF6 chem stry. Followi ng the patterning of the gate

Folloﬂluﬁgﬂfe?d:ﬁemuﬁg af gerghangectyddel irP AR of1EREE Wit ine ei‘nﬁd@lhrﬁent a thin
| ayer 74 of silicon oxide is thermally grown on

layer G¥pefsiiiepnspridoss ﬂ@mélsag@“ssormheg@nmsmlg@edmlé 7(§6€lmin&5 of gate
electr%ﬁé %6”3%(@?1‘2&115? a}% 7|%| éi} gﬁ;@%ﬁ)é)lxg}% {ss’tht hezélfgg (%f’ HV\@%SOpposmg

sidewyls h’EBTahtth'l o€ gued WC%H@GS' B¢ l&lahhg? Qﬂe gl fer@digiding Okligdon gate
in an oxidizing anbient. ers 74 and 76 can be

electrogesying ag QHidig g ambigo d{ayzrs 4ramd T6gam bel @ewpda ééhlsg;eéﬁ @f about
2-5 nf (‘E‘ﬁg ele@ 5dey 6%4an"i‘1"5% %1% l@%&s Y% ?lﬁjd 36 g}ze enSI o@'&l’?ﬁlon masks

masks to ormsource drain
to fornMEXRuirte 8 hand torin 32 Exwensionouf NMGS tﬂnsis«ibr ail an84ource 83 and drain

ext ensi PMOS t j stor 33. The source and _drain
84 extensions .Og ﬁ@“gé URRIHEOF 5?@?\%?%@3@ draip g3dens NM OB {gansistor
31 cah'BRIfBRh& wmeqfhx}[%mﬁmn%f' aPfic @H@' ahll %nesgﬂr neeaéﬁLH}altﬂLeZ'téﬁsmn of

ext ensi on transistor 33 can be
PMOSntpdnaistaat33ocandie fromed biyahs imphetapios if thoeommad. fIde ;mssible need

for a5 3 e B S B ot 5 B i heca non
be eXpfifibdin ARtdiS heeld. KeowW wedl kg Nalfug h'do‘t'SIlﬁﬁFa%B aalayer of

l'ayer of patterned photoresist can be used to mask
pattempeqyphptoresgst oranden psrg tmmaslmtlm Povelbtegiore duting c@plmtatwn of the

sourcdrgncf1 d?Xt X %ngs?oﬁngg(f)f ho% I\!@? tr:[uiasn 5%%8{3 s%'g)g[ lr%g%r of rpeattemed
photd}bs\iﬁ|dan rbégls@d t6l widsRghé MPhantragion Mueihg tihplsedtioncofahd source and
drai n extensions of the NMOS tranS|stor [0018] In
drain gxegp1@BhelthGNMOS Heans¥isidi ment, as illustrated in FIG
3, sidewall spacers 79 are f or med overlying thin oxide

[0018]2YEY acZérdﬁHceoQ'Rﬁ%n@g: jod t & 171§Rtr§§d s ﬁ%‘f@\xjaél spacers 79

spacers are formed overlying thin oxide
are fcnrppd@wn@ylag tlenaixide 12§er 78 onodppysing selesatls G485 ﬁﬁi sidelvall spacers

6 res tive wal | spacers can_be_f ornmed
80 arg Formie SRR By e T PRI /S PPPRBIAG eI A §1 B electrodes
66 andid8], ERPe @RS, TIRY siléPall §pa8erlXeakl 80 BStintdd & oA th@NRingOhaterial such
the insulating material over the gate el ectrodes and

as silipgph guigidentiligoraptidet orope dike by depesiting atlhyer|ofylee msﬂl@tmg material

over ﬁl)éggrqpeée&ﬁ éirr%g §§5 Isﬁ/l)esghlgen let ¢ E]slo rggéa Ly %@Hgﬁgﬂ% gayerg 6{3 I example by

reacti®t ¢6ii EeHRg (RGEﬁﬁﬁn@& CHRg CI‘R%[ dr SBséhemiistryie Sid&:l@vaﬂfspb&lﬁs 79 and
gate el ectrodes, and STl 40Q are used as an etch mask

80, gilg clcipdeeRank 88 dhc hauhmpgson thedqn ofahg gate lecypese apd STI 40
are usceﬁba%t z{naétgh sﬁ Q@%&&x@ﬁ%gés etkézncﬂ& %@54\% %}ge %Egor} %ubstrate n

opposi ng e es 0 nne gate electrode
spacedtaphrt seld eahgmeﬂﬁwm]m theQéporing edgedofal athtnissd Ightead | eqgrode 66 and to

e D 1 GHCE 8, 5003 S nael B2 SLSELE 281 chane
gate BRE@AR 8BS FNE recesses extend through the source and drain extensions and
intersect the ends of channels 70 and 72. The recesses can be anisotropically etched, for
example by reactive ion etching using an HBr/O, or Cl chemistry. If stressed MOS device
30 is being formed on an SOI substrate, the recesses are etched into thin silicon layer 34,

but do not extend through the entire thickness of the layer. At least a thin portion of layer
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i ntersect the ends of channels 70 and 72. The recesses
can be anisotropically etched, for exanple by reactive
wo 00s/876831 ng using an HBr/ Q2 or O chemi stry. pdr/us2008/004692
stressed MOS device 30 is being formed on an SO
34 is $¢f0 &t tha bdttofmMsf the EQ2SERS 16.6& a@tacmqieatiﬁg Qité fdra SibskgRAt epitaxial
| ayer 34, but do not extend through the entire
growthtitefkness of the layer. At least a thin portion of
| ayer34 is left at the bottom of the recesses to act
S t . e . .
1001537 P R ot el 3 ol MAMEREn R RELEDy UeBdbiling and
patterairgodinasking tyei 100eshly adeyoof tilicgn axide patitlestitetgindIG. 4. The
maski ng | ayer 1oo@§%§h as | ayer of silicon oxide,

. as
masking| lauerreanele feposites, 18T expapltalkd dlckngpe of @hputped) nm by LPCVD
, a q P>
e T A o R
by ushvfigs komgntienad iphoQ@desiss pastemengant] efchingestepsple rdiyovesthndayer from
onventi gpal .phot oresj. s atternin et chi ng_ st eps,
PMOS TafSioy &5 pihifeEp RIS (5 srerct fap 08 st o
retaining the layer overlying NMOS transistor 31.

[0020] O0ZO111uAGratell iV F1G 28, @k mBtholl & advorddn@e WBthNRHE enfbodiment continues
accordance with this enbodi nent continues by filling

by filling eepseses 96 andPB@ithia monogrpyialting semicongductor material 102 having a
. ] r (o ' a latti.ce constant
o STLERT LS E 1l SIRGHEYL AR 1 B RGFRDR] A7 ety

semicdntingonmniagyral 182 . is ReRkavap| growarampaded epitadiat silitél germanium
..102 is selectively grown enbedded epitaxial silicon .
(SiGeg aving iabont(18-22310mi Pergeni s tmanipmowithy the igeEmpripIgRplacing silicon

.t he ks r I BF EP A5 L IR
o oSBT | ES AP PR 0 SRLORE sphfRRatbor macrial s
nucleatet) od diedreseainiog tidu poaionnaftsflidoallayes 34 ac thedtopdnsof révesses 96 and

9. Nignhiracari dDolShendhsSiano. SRESTRG maisref p4Iand o 40 retard
the s&@td TowRP 3¢ @S 0B othRA RN TRKssBR OB " dndl 94 MEHo R Tor4itaxially

retard the selective growh in regions other than
growinggryeals 9chaardSigR: onve sihigds hbsirin @pieteativeamagnggrasevinily known and

need gﬁ‘]t ‘tgegiilelaslc/rébg’ CeE%i?fc’ aﬁé%a? F g%%aii | Iatgﬁ:g cﬁlgsg%m Iﬁ@qnaggcon and creates a

comp£ERSivE | Ot Bial kifain In(RarR@toracHahRA Y adl inllicaed HBORSEWN172. The
than silicon and creates a conpressive |ongitudina

comprgspixe opgituding siteess Ancprsgn dhe npobility; aldmaderdy exyrier holgs in the
N . neve . . ) .
crankl o FRR-CHTRLRS Sel SR PLAHERDS BRSSP, e sice
can bhdnmparityrpomedewith Retyperdondoaivig deterRrining impluritd€XSsuch as boron to
transi stor 33. . The_Si Ge can be inmpurity doped wth i
form 04RO o B 559 18108 rﬁlqﬁtrﬂfgﬂl;vniﬂalpfe@i @35%% 83ind drain 84
exten§BhOBf PM(B:'@P N SiOtr 38. 1P ﬁﬁﬁur@kwoﬁhx#oéanfﬁ@h%phshed by in situ

el ectrically coupled to source"83 and drain 84

dopingxiueing ithenselesfivokfiBixial grew tht arrsuBRqudiily bynioorimplantisionng
can be acconplished by in situ doping during the

00217 &1 Figt kR iR A FI8SO#aRa 3 o HPREHE T hanBl S PMOS transistor
npl an ion.

33 can be repeated, with appropriate changes, for enhancing the mobility of majority carrier
electrons in channel 70 of NMOS transistor 31 as illustrated in FIGS. 6 and 7. Patterned
masking layer 100 is removed and, as illustrated in FIG. 6, a masking layer 104 is deposited

and patterned to remove the layer from NMOS transistor 31 while retaining the layer
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[0021] The steps illustrated in FIGS. 4 and 5 for
stressing the channel of PMOS transistor 33 can be
woRpeRved, W th appropriate changes, for enhapgimig2003®04692
mobility of majority carrier electrons in channel 70
over19fngmm8ttfzﬁi§iit(ﬁt33f Baykr 464 ichh 68 tof 3irgithri ddnfposition o amkdking layer
Patt erned masking | ayer 100 is renoved and, as
100 qnﬂl"é%?? derasitedhand patiegnedyindikempanger. ayer 104 is
deposited and patterned to renove the | ayer from NMOS
[0022]r aps '11?\15%&:3 ér}F[@ ’}% gﬁﬁioﬁ'lﬂ%&ﬁ cémfh Erérﬁﬂorglgmgrw%ntinues
t'ransi st or ayer can be of simlar conposition
by fllimgrratsilssasgnl ayle94 Vi amdncaystbkkine epmmohéubtamdxaterlal 106 having a
As illu trated

B RohTat Tevsal o RS BRIS T v HR 1 iSoB ik FenPreferably
seml&iﬁﬂhétﬂfjﬁﬁtéﬁél fibé lid E‘&e&ﬁ&ﬁs?ﬁﬁv@gmﬁ%eglk Wh)hEl &licon carbon (SiC)

nonocrystal l 1 ne sem co mat eri al 106 having
havingaghaut d -4 @tranigpertans oft dralpont Mathl thet ¢ackzonc cepdacang sxi)rk:on fae crystal

. host thi.n silicop l.ayer 34.. Prefera semco duct
laticfStes, Rt et D ar S FroBrdte e Bt ot el FuficTrated on the
remafbiing N p6RioA VT s(l%o@)laf?&\ﬂi‘ﬂ tﬁ@%@&oﬂa’s ‘bf QRS PEA(IOY. Masking
of carbon with the carbon replacing silicon at crystal
matetiglt 104¢ sidswakd spacepd ¥ 3xhaxil xgaS&.wmhteUal 6h ends Sdd d@ergtard the selective

srowFEER BB IRLE} ) o2 Ruf 85! SR TR B B i
such ra€cSi€ses a9giliadt h8é. invasdeldegiverahinealarel 041l 1giodeiahd need not be

spacers 79, hard mask material 64 and STl 40 retard
descrth?é heseiact Pife hay Guwbrmalies lagige ippsignh diant vilipor aeésaseatesgp tensile
Xh@l | y n [ S
ong P sk 40 8 05 LA 5L RIANT D TR 15 SYRE it
longitudiral lstvessninereaken ebel mubiilityeofdmsiorityp edrlhe ekconsSinGhbahasnel and
sal ler Lattice const t than s|I| nd.creates a

hencq ynRroyes thg perfermanes) of tr?’hmtt? Bk (5amReimpyrity doped
with RBtypB Tohdi@it) detirh@iRg i urlﬁ&esdcﬁnacs' drSerliORQ! hHgﬂh‘&ﬂlus to form

stress increaSes the nobility of majority carri
source|18¢ tand Wgain 09 megictraelaatical hydcdvpiesietoi saproe\&d sandhdrain 82 extensions

f or mance ., of, N {. si.stor 31. i C.can be ) )
of NS I i i T RHDL SR GRicAcoOmpy S o dgpine during
the sdlEaUVE iepit©GalSi6WiHAST QIbS&{lehtl P by RO FRpIAAAHSN. whésQrdﬂsklll in the art

source 107 and drain 109 regions electricall cou%
M\/gé) can be carried out

will yngesstandthatgthe nagiliody ptgph 1182“@%‘{1 éndilgfs 6 gnd
befork HRBLALE GefidnuIRRicd IPHIGS U A 09 can be aceorpl i shed

ect I ve epitaxi al
grow h or subsequent Iy by ion inplantation. Those of
[002XKi Inl accordahee with ont lemboditeers ttha chethalt canbiaueebh eanetieg masking

il d FI | b d
e b S B0 e ST ey o
partiall§ Q&% 3btal 1 r@xﬁﬁ%cﬂﬁnﬂ:@s Mk Nl gR TR Al %ﬁ%gfa@e ngBﬁ‘l‘&%nt the hard

conti nues by removi ng maski ng Iayer 104
maskspa@ér@nomdarid agoorddims Willy ¢his ¢fnbodimdentasiv sideveall spacées 108 are

rorm G RS R 3 a4 SRR ] B 10

are formed on opposing sidewalls 77 and 87 of gate electrode 68 as illustrated in FIG. 8.

The new sidewall spacers can be formed, for example, by depositing a layer of insulating
material such as silicon oxide, silicon nitride, or the like by PECVD or LPCVD and by
anisotropically etching the layer, for example by reactive ion etching. In conventional

processing a thick metal silicide layer would now be formed at the surface of and extending
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mask is not renoved. In accordance with this
enbodi nent new sidewal | spacers 108 are forned on
woRpeheg sidewal Is 75 and 85 of gate el ectrogerafk2603®04692
new si dewal | spacers 110 are forned on opposing
into thé BaNEHf the §duRBAnS ?lrzﬁﬁ r%bﬁ)s eTRS iHidsilielleaBas thought necessary to
illustrated in FIG e new sidewal | spacers can be
decreﬁqp( theextgrpal r@gigwppq;of g@e @mq)r@|h»ygdq:rq:a§y)grthgfre31stance across the

SOUI'CC %Hl(%alh %gpil gﬁ+ Bk d%gl%h% COD???(%&%&QEC& %I tllé %QIIPI'CC and drain

regiond)i Bafsramathy ityhasthebn Iﬁ@.uidthai ¢ formation Oﬁ(ﬂi'ffld ety SlllClde layers
reactive ion etchi ng. In conventi onal pr. ocessi ng

causef 13 felaxatem Pt thei riesses (impesed,puthg dhannal degionsby (bt emh%dded SiGe
t r

30 S RLELRL A b Sl LI s e

mateniad c e §her probiente anteakneat twich ekickermedal rsdididd dmyees afe tdvercome, in

transi stors decre sing the r sistan across, t he
accordgieuith AR em% s DY ARGy, bydesead ?‘H@’%é thigipgfel silicide

1 €30 5&\$91&E% SRELAE AR r
ayer Unf cl)r tEﬁﬁat el 1y It ﬁas gggn?df?ou%&%shr@tﬁe@iﬁgg@olp I’?g{l %ag%wbt%j some of
the gathietdctnodesa(as ageddddie impyement dbe desred m@haﬁanuum) of andhehere the
str.e osed on t channel . r.eqi,ons t he
hard Bl RSB TRE e e SRR IBeL MR DR it pdgyer of metal
silici®NOABEBRE fito B @urdeSmdddramedgiivs eTRIPINNGE 4538t 5 nm or less. The
~ material. The problens attengant W th thlck net al
thin mgfat istisidealpgers 15afasmed dryc depositing :ad:wr derrdlicidg ffornaing metal (not

s ST ATkt s Y xR e G an e S e dhfboe and

drain dégibits ﬁlﬁgpﬁmﬂaly’&pdlyb@&&ﬂlbieysﬂlébrpgd’té _lectrvdidsh by aieetied, fohexample
gate el ectrodes s _needed to inplenent the desired

by ragifthermal Auealing KJ§TM ahe sihiidedorniastmastal ¢rache. fonpsamples cobalt,

mckeF eRLhituR R R lgyor ﬁaﬂé&uﬁ?to?lal | &l tflGse rﬁ%tgfs aﬁcf:‘ dy"i's either
er of netal ‘sui‘cide exten g into the sdUr Be an

cobaldoramlnkarle dihe Isﬂlcﬁd]: farrdeygtrhetal canlieudepbsirad, for exemple, Bheputtering to

oS TS 23 S5 1S TR P T80 e o
112 féﬁl%cbﬁlﬁgo taJ'tﬁ: H?Bfaiesé’\’dltah BIROS 8 S thi GBMkcE %hﬁs‘?irﬁﬂ Qéﬁfms It has

SiCin'the source and drain regions and possib
been fyndcthpt sedhl thire nedtali rnbﬂdgéax;rsehwt aa@gbglblweffe(atomg:ducmg the

s AU s B 5 ARDFEL ST s e

not inNdonket withe&pbied siliddh i ieNafnplRIth® silic i fofhing 'meéhll tAXSs @bposited
those netal s, and referably is either cobalt or

on the;piggwall spagsrsserian B! 4G M?Fﬁgmn*@?%tl duerals tb@RaFé\otssfomoa silicide and

may S%B%e@‘ﬁél?t%@renm@eﬁ Bg {cﬂﬁlg;lg raa% 2 2 }ﬁgOa/?-ﬂ solution.

usi n
net al , SUICIde Iayer 112 forns onIy to a depth of | ess
[0024] haBecabseuthe Smetad siticidh dayeols tlenaitds diifficnlt te ghakesrelihlile electrical

een foung t hat such thin et al SUICIde | aye

haség {

contagt {9 dhe SHUGE A Hran Sraiers WBR Abad CPRYFIRRalsGonLAch Plug technology.
In thé EHivehtichatchbaatt Ml Qé&n@f@?‘m&dﬂﬁ@ﬂrﬁt@%f AhayZRbeUied ctric material

Any suicide form ng net is not in contact with

such axpoC¥P silicor mxidef souksk bersleposited over chelandtalr silinglenandathe gate
electrggeagtru&urg.e R (}xglectrlc material could be planarized by a chemical mechanical
planarization (CMP) technique and then contact opening would be etched through the
dielectric material to expose a portion of the metal silicide. A contact layer such as a layer

of titanium would be deposited through the contact openings and onto the surface of the

9.



10

15

20

25

30

on the sidewall spacers or on STI 40, does not react
during the RTAto forma suicide and nay subsequently
woRog/eaped by wet etching in a H2O2 H SO4 or pdha>bshodcoz
solution. [0024] Because the nmetal suicide |ayer is
metal dili¢ide fdrmied oflithé bauité anddrakegiodk.] Tht depdsaidn’ ofa@hnium would be
contact to the source and drain regions with only a
followeshby Frrmatan of a gerductiye harriee l;qyﬁbwgy.s a|titaniyrg nitride layer and then
\Yj [ - t : I j 4l .
a AR AN Spang Be BPEAPW Sork R BRD R oplysali 8 Ehution of
a thidoditdsiumngilicidb éayede das icoeld relaarthé beessuh ahe embedddd satrke and drain

regio%{;ﬁ gi}signgl:l)gc qr, &%gdg%;; %3}1 glrﬁgqﬁl gggtigplég :hgg%t é]lggt rrgsaitste::\rnlcg1 Iespecially

in S%m{aﬁg agé Resl QYPAccoRfRBE WS eﬁfgmf)&ﬁﬂleﬁpgf &%taqrsz%ég@ ihod the

tched through the dielectric nateri
problemposeidepwithitha carfventienalebstactsplig tedtbnoldgy sravaated| byysetectively
such as a layer, of titaniumwould be deposited.through
deposiiige @ Javice! SiEihy malenal b Sonwet wiibr B mstal siises ers 112
Prefefdbl ¥ h ARinf REABsLPN 14 hE sSlREtivedy ABSbsHERLA thBUERS silifRR layers 112
deposition of titani umwoul d be foll owed by fornation

and then tickenbayersi\é dfanetaleor dthgrenonduive asaterials arerselactively deposited

on wdishd Rt B TR E TG or U0 ASRe T RS RamBR, a tayer of

palladi@mMBdvii® a QhicRndshi rakgih tfeghh Wik ShorlAer ke Bsutt Hain. C Uk dayer of
relax the stress in the enbedded source and drain )
pallaqipg srigeferebdy depnsiied \py eletroriess deppsitioasfiomaa golution of palladium
ti -hi t ' - hakl v i :
sl SHPSEASL U8, BIBIRS b AR S0REAIRER' Rt s Bfosicd oo
the sdeddaysrds arbbale hd curighen mmabl lagerasBeron ahér phédphbhs may also be
onventignal contact plug. technol ogy. is ayvoided by o
added 3¢ dasver v y 'O UPRIOV E | U ORmjty yARd SHCYitU (L d5PESHaR daflurabilicy.
ThicKeP 1672 A% ishleRerhbly sl LiE1y St YeéiEctrol it
° Sr e?%?a%l ylS\gbt hirn g’esed Ilaygr f%ﬁ@sbgeeﬁée%rtoil%gﬁ )(/leposmon from 2
solutige pysh tasda snlutionnofneotzdlt sulplitel cheptahpdrate] nmaomiumhamgstate, and
. thicker |ayers. 116 of tal,.or other.conductive .
sodiyy, b PP oV 6% Byl SEFBe Y JHTSHE RS LeetPBigKing agents
and b bhlahdsd.r Eheflidaly fuc as VimeBSthnhiAY Bbrahd £af B8 d8ed 9% source of
exanpl e, a layer of palladiumhaving a thickness _
borony. 5 Riharlegtioniesn depasitsinasadutians fapdhis applicationTsaen¢ pyaprietary, are
el [ i f QS . ectro- S .
ovaifc 83| L VRS, BF EBERTLY AR SR PR LR soutin.
thickérottaClager 16 Parebeseblyvely debisited entvadeed ildler 12y @6 althRkness of
sel ectively deposited onto the seed |ayer is a cobalt

abouta2{50 Jya @boutekaftO mypates veBy 8 solHan semperatish fops apeyt 65°C to

‘ about™) €. DEx Rf g@;%fsh%nl GhES aﬂdlﬁsntg%ragﬂﬁg (a\éﬁdtd;ér{ %%a&éé(rzlﬁﬁddeposition

selectivity o eposition a ur abi
solutioayaad thd fartisulpr dépusitinyeqapreeriti thal iy udahbofi & epdefored method seed

el ectro-less de itiop fr.o sol ution such as.a
tayer CHAL{S BiFTRDIY OB A (S REH O Bt PR LS dlfRGRigipprocess and
thickdrUR@$11869s adhdaiSIagerURtIMRRPR OSRNESHRAIVnk tuk Si€en? BaBAIRIRIgh these
addition of buffering agents, conplexing agents and p _
material$ amtprosesséhagipeefemed.ube invendvermethpd isndtlgnivest wrtbessamaterials
or to ba% g]g&reoqlegss dgpdc’s?tyc{ncgro%];ss. Other conductive materials and other selective
deposition techniques can also be used. For example, the thicker layers can be pure

tungsten deposited by a selective CVD technique.
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boron. OQther electro-1less deposition solutions for
this application, sone proprietary, are available from

woldoes/meagors of el ectro-1ess deposition equi pieiius2008/004692
Usi ng such a solution, thicker netal |ayer 116 can be

[0025)e! B tacv@iancdepati bRE Qbclinead tea¥iithddl £oh@mis in conventional
t hi ckness of about 20-50 nmin about 15-40 m nutes

manngy.t 3 iJusieited inoRIG. kb by dhe depdsitinn efbwuinseBting daygbdd8. Insulating
layer ﬁ% of't%(r{ : Eerde%pt8§%tah?r§}eg '1%:?% %Irﬁce Bg%%uﬁﬁg Sfmd ?}Pa%?ﬁqe anlayer of

t'he’ cu |on

sxhccﬂx&ﬁ@@d dépositelbyt et the BAEmical v@ed delidsuampéeﬁ@qdeed The surface of
nmet hod seed |layer 114 is preferably pall adi um

insulgtigolayere bl &is %rﬁfeé@%xw%mrlé% fge BWEIP&’Y EME: @8d cgp@ct openings
[ t ! t t
120 W SHFE4 50 40 iR Bled 8 SphCbUSERO o 688 geosicd
condpetdedagersl 16r evepried evureel and ldeain megods. v €onathopbnirgsn0 are filled
I|n1t$£%to these naterials or to ?n el ectro-1|ess

with qeefals 124 SHCth A% ARBINURY RECOBRFAR RHQNS Hagreal o) By Stier conductive

mateﬁﬁlrk%[:h s€h&sll %{C‘f'ﬁ@ﬁﬁhé 5ififort RFOAhTYRGCERD t}fy S®AdB&ive metal layer
used. For ex the thicker layers can be pure

and ip mmgsto ¢lre sjmp@sartdah‘alhmeglosel EhesevmetidvDsteps fomifopmeing @@ pitterning

n acc nce with one.enbodi the method co
1D yefiO L ARG shhhd iR itecat | VoL Par s, trors ef SKpt e art of
fabriédtig ARRASIHduCIdr AevRls IMAUhR AGt beYigscribbE. mI Al at ASbugh not
| ayer 118, often referred to as an inner

111ust§ﬁtg1 é@qﬂpqrdayqrq;_gf interlayse dlefqu{n@mmnaé ad@htncayglaygfs of interconnect
metalzxzatlxgnqgng )rf]het gﬂé dﬁﬁosa'lsoelge.r%%)h%d%fx attt e{d: E:umh% avler Yhaqo %lroger circuit
functiolﬁoﬂﬂie ﬁitégrﬂéabir&upraﬁgﬁmpﬁﬁ}enfedr ex anpl e by CI\/P and
contact openings 120 are etched through the planarized
ayer to expose porthons of thjcker deposit

|
l002@onaue<t‘qo nee, et 3n g %}‘\9@&6 qm@dg@smc@eaﬁethaﬁl é?rnfabrwatmg a strain

enhaﬁcfég'lﬁ@ d&Ra ?@tbegiﬂg ot the s'zilnlqueﬂﬁ%& IEteE?taE‘|111l6strated in
22 such as al um Aum pper or al t here
FIGSotlh&r Foﬂcmtu:gt iheéonaatm af ﬂsmmtassmmpedhyer 112 (FIG. 8), a layer of

ne silic 0 for acts .to e
msol R GTRGEETOE ¥ e eroalef Pogh Bt fdd, AR R SI0C e layer of
insul@tirdl fat@ml QAs - beﬂf&séxﬂﬁf)l'éoﬁ R apsf fsmcoﬁ Uxidd depdifled by a CVD

patterning |ILD layers and filling contact openings are

procage| from o WEQD sohtsse dheslayer of nn&ufrpémar matgrriaf gon j keaphttggned by

conv%ﬁ[gggf&goﬁlle 15t ug t\élrrﬁgg aﬁ{f gfn dstg Q fﬁlre & a?tsé re'd 1g§julatmfg material is

ayers
removéd BOMEBMO St alsBeir33andas ﬁitaiiﬁéd o&(ﬂ@hﬁg NMI!)S trajgster BF.
i nterconnect netallization, and the Iike may al so be

ppl and patterned to achjever the oper Cui
00z ff b ‘lg‘ﬁtra?edt‘ﬂi;ksn]t%é?léte@% dirsest contaeh Y ithpd g“ﬁé‘ﬁ? deposition of
a corhglggs%e ke RES QARRESe Whih Aftridd tlzgfeﬂ 3b6 1?1"@9&'1115@ Nontale w1th the
hod for fabricating a strain anced MOS device 3
metabs;gmds ldygr omsowaegoont 1@chandsdnam wgtdnokﬂ)SstfdﬂdOSSranswtor 33 The
e formati

illustrated.in FIGS. _1-8.
condif§ THERRAEO eiiEe) fof eramplF, R gt ignigyanghush. cobalt or
nickel. The conductive metal nitride can be deposited, for example, by an electro-less
deposition process. The deposition parameters can be adjusted so that the nitride is
deposited as a compressive stressed layer. For example, the deposition temperature and

reactant composition can be appropriately adjusted. Additionally, a post deposition UV

anneal can be implemented to adjust the stress condition.
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insulating material 124 is deposited and patterned as

illustrated in FIG 11. The layer of insulating
wombeihéds can be, for exanple, a layer of sil ipgaiuRKisiB4692

deposited by a CVD process froma TECS source. The

[0028]ayPittedhed ffulatihg Ngydral2l isatentdad badpaididrniasulbting layer 128 is
conventi onal phot oresi st Eg%ternlng and etchi ng steps.

deposticd andtnatiernsd asnitlusteatechip FHe-eF3- alnsulptingtayesdl 28 eam Warerlal
snmll%r: tgﬁg‘!f ! Perr1a§§f ﬁ'FngE% Ea%f’“.l?f %Mﬁi 1l1%'1 El?@ I?Laéterr%eﬁi and etched

by ccmv‘embrma photossist paganing :tdaieetslehgablrmode peslayeroovedlyig NMOS
ngresalve stressed conductijve netal n|tr|de | ayer
tranSIm turetan ghg layeg avaeying EMOS feansistosB3sui ci de” | ayer

on source region 103 and drain region 105 of PMOS

[002¢f|r ansi 1ﬁh&§atgd'3 in THG. C PN dfel inéehdd® iR lacdriiadde wiN i€ embodiment
exanple, a nitride of titanium vanadium cobalt,

contmues rhy(ﬂctﬂcnvalh alepomitdng a layer abteasilestressedlemetahnitede 130 in electrical

de t.ed, for eectroless epasj tion .
contaf BB LR o e FBeE My Bt S ol Ll i dBeton 109
of NMIO trhii@stédd 33.1 ABe iténsdle @&sgs%e@lneaﬁ BtrfRNRheseSicY&ted from the same

stressed | ayer. For exaﬂj t he deposition

metak em@anaw@ derpsiteh onal %@;@es\stpr @3- cAtregsed metal nitride 130 is

prcfe R UL SRR R ARl nBPRiest AR RO gepayipngonditons

are a@tme@so deposit theolaydrid 28kndietstressed dayen s Wif@t thiRGseleayies dépthition of
ermved and anot her i nsul at| nq | ayer 128 is
metaldsﬁ%%q aygr 43¢ paiternad,wgulatng 13ygE ¢ ﬂﬁtlédeﬁnﬁV‘Fq GIhggormation of a

tens1lE @%Hss@a 'rﬁ@ | fde lgrfé e QSul%i '2538 %F:ilﬁ'lo al{s%télj%elsand the

I nsul nsu at| n ayer
formats)npzﬁa emmpmd:ssavml sted:ssdxemetn} nitaide dayter onahe pburbe) aad idsdin of PMOS
patterning and etching.to renoye the er overlyin )

ansRiObA 3, AcHar e I, Ty aBiied 15 (HeaARels o FAGRe oIS A, in tum,
enhafm EloBRY 8f e rdjorilydQa9drs ﬁ-?thbltllaHﬁstbﬁEﬁzgmbB FihGse dffskill in the

he nethod in accordance with this enbodi nent
art de pnderstend ityat She eeddrvad| depdsipog imétalgnitridealayersof26 ambilB@ can be
rever tressed netal nitride 130 in electrical contact with
%efql n netal suicide |ayer 112 overlying source region
107 and drain region 109 of NMOS transistor 33. The

[003(1]er7r>1ild methoddn aecbra@micalwith this érbahimeeconehedti@dhd §0N@ manner as
same nmetal nitrides as are deposited on

lllustwealre.l:slﬁér 5390 16igh Siecegention it epaiiayendld is "Selegtively deposited
onto ,%si Rl Qeri%'ah&%!@ynsmd%f%ﬁ@&ﬁ, 7 oft5 il AR sl il layer 112

cess. deposition corditions are a
to depOS|t the layer as a tensile stressed |ayer.
[00314f t lor acdoedamiet ewith vyet davoder t énopdadhemte aduahi strebsd éinbaye rdeposited

130, . pat t
overtyihe i RorRapated R PlyeCF o BNEhof Siect-Sars o HET b8 o Phated in
FIGSt N8 @aure: e Rehétrielg dabk @6 FIYOI0! hdBthes R selectiveRddépiRited thicker
formation of a conpressive stressed netal nitride

condycgiyedaysn 116és depgpited emthinimetal siicideNaprt ildrgiost wetabaitride layers
126 atnggl:?ﬁ %tetaﬁ] of %g;g@satﬂ'x Ap %ﬂ\?eguagaltlﬂﬁ l%?&nn%fer %ff sIrQs%gg insulating

ors
material 150, preferably a layer of stressed silicon nitride is deposited. In accordance with

one embodiment layer 150 of stressed insulating material is a layer of compressive stressed
silicon nitride. Layer 150 is patterned to remove the compressive stressed insulating
material overlying NMOS transistor 31 and to retain the compressive stressed insulating

material overlying PMOS transistor 33 as illustrated in FIG. 15.
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enhance the nobility of the majority carriers in the
transi stor channels. Those of skill in the art w ||

wouwaekeségand that the order of depositing netalpciidsiid®o04692
| ayers 126 and 130 can be reversed. [0030] The nethod

[0032]n mﬁfedﬂ)ﬂQﬁ débdrdandel Witk fikie @B dimeh® RbAIIRS, dsmlhitﬁated in FIG.
manner as illustrated in FIGS. 9 and 10 with

16 bbesbééiﬁpwcmort ﬂ%@n@b@dayqyﬁrstrﬂs&d |1%S‘1saélnéd7ﬂ¢t©re41yl5ée[dn$slab'eldbelng a
layer g?:téglgt E@%srs] o hﬂﬁn%laa?{r?asl’ élﬁ(? Ql]at}l a ia?:?lrt &qg%olgﬂrefsr?d silicon

mtrldac dmyéarlﬁ@ isvipatteryied and Gdhed toromovetnt portidhaf thé N18%$ overlying
ner.is qu05|ted overlying thicker deposited netal

PMOtSa%’iSISELOIé At tpatetain the pPBI9BClaBe dHiET sueRuing NMOS Wpnsistor 31.
I f H
The 1hers O shieRn e ol SRR FressRl aof e, JAEN A can be
deposiwedgfep (esampkt byl LPAIVD e PEIC Vi ifoindeattaysrindldding diachiorosilane and
net al ride layers 126 and 130, instead of ) )
amm%tgﬁos:['hp #gogtlelaﬁ%@%pp% Jpaqtangs, |a59é'pactaantafg9vésrcaéxf be adjusted, as is
well kh6WRSRA e AfHeP G MERALRE kbss Lnthr &r%?fC%%FéSylV@ hRYLliner. The
of stressed silicon nitride is deposi t ed.
compzessive cénessed vinsitlaton dinembvetl yren PMQY drangiS©r dB SEt"reesxseldcrease the

R TRI  B]%, § 5 TS b s o
majofi§ MG Ho¥S if ttl'i:ﬁ%ﬁﬁﬂxe'l NFHE Bkl stAREAT liidr o¥i@YihY NMOS transistor

NMOS transistor 3 1 and to retain the conpressive
31 servep @ Jeeease Si¢l tansiledongitusina |stressean ghiappel Fasdihenes fosingrease the

moblﬁtgrccgﬁg%hl@ﬁémarﬁé %ﬁéft[s}) e:'rgct)haa%%g%ﬂ co]gprﬁgtéé;e é({] f%lyers of compressive

and t¢dsilelstréssbdid1shlhtlﬁg Gayetbcdiybé beeriepbe atlaysn oﬁflnsa[liﬁéﬂ‘@bh as a layer
yer  of stressed insulating material 152, this_ |ayer
of Sﬂl&@v Rgide andyrhe deyice eamsbe gompletadsiadhe pame manpgy fﬁ'dllé?traé@ in FIG.
10. and preferably a |ayer of tensile stressed silicon
nitride. Layer 152 is patterned and etched to renove
the portion of the |ayer overlying PMOS transistor 33
(0033 ndWhalerastledsh onb QXpmptair}o remplod inhent | hay éxeem\peesbmied gn NM:Eoregoing
sistor 3 licon nitride

f
detailgl BTy 1o hobll ps MR S Ty €Y P gishber S ations exist.
should@eHe ffprecifbd Ebe iR ExentPlaryRaBdddhertie\dRempRIY emrl:odlments are

reactants including dichlorosilane and anmoni a.

only ¢rapdes; p @ﬁ]ar@dm interged to digait thgrseepe, aprliqabidity. s configigtion of the
1nven¥’§ﬁ élp es & ﬂrelr,ﬁtzlre f§re\§gin§ocﬁ_ga?l\é\'§ ’S(’ie%/Cé'lpglt%H Owsﬂltqrgwhg Tlos? skilled

in thd'hea Wﬂl‘mf e@ﬁleﬂenstdseﬁlsﬁﬁﬁ fon SmpRinfentih NRE eRd@playy BMbodiment or

P transi stor. 33 serves to Increase the conpressive
exemp@RyFmbedimgntss tlf ghaule ke updersiopd ﬂzﬂt AAtiowpchigaesecan be made in the
onc S8 3 TSP B bt e RO b vcion
set foNMDBtherappendstalaifi asdltheelsgalcaqumreasstbexbhﬁ tensile

| ongi tudi nal stress on channel 70 and hence to

increase the nobility of majority carrier electrons in

that channel. The patterned | ayers of conpressive

-13-
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and tensile stressed insulating |ayers can be overlaid
by a layer of insulator such as a |layer of silicon
wobglerand the device can be conpleted in the pgai®2008/004692

manner as illustrated in FIG 10. [0033] Wile at

| east one exenpl ary enbodimeatmRas been presented in

the foregoing detailed description, it should be

appreciated that a vast nunber of variations exist. It
WhatghelgiediSso be appreci ated that the exenplary

enbodi nent or exenplary enbodi nents are only exanpl es,

andy ar e ' I, %ﬂ%e . .

ap pf'i ca%l [ tdy({%g?gggfr#&éigkgtsﬁrg%m%}hﬁﬁ e | F}n\}%orﬁdflgtﬁr F%Vlce 30
compaisingwayrce RE3 hE)7, antdhdraih A0S gHINg gibek aépaeated by achairebregion 70,

i1l provide those skilled in the art with a ..
72 aﬂ@”arafé%lsﬁfo%ﬁ&&ejgiﬁﬁer e Mg nhannsh regign themethomsompyising the
steps ®fD0Odi ment or exenpl ary enbodi ments. It should be
under stood t hat various changes can be made in the
f unerhbesidingnalsteain mdyemgsemifondhiegmematerial 10 U6 dethaspineg and
drai fromthe scope of the invention as set forth in the
ramnze@ided claims and the | egal equival ents
t hefop@ingthiN AtaViRtide Softhé@ls TS td fhe sburc® a8 USRS rdgfins;
manuf acturing a strain enhanced sem conductor device
30 sedaepivelyideposing & tayenaf conductiveomateripinl 189516 o®ntact with the
. region by a channel region 70, 72 and a
mun%%%é%gﬁg%§$§£g£§g§ 68 overlying the channel region
t heforminpadetalizpd contags 1 DB istheRendictive magediing a strain
i nduci ng sem conductor material 102, 106 in the source
and drain regions; formng thin netal suicide contacts
1125to0 j [ ; I ' :
dopbs 11 ngnanp GECaRE 1 iR cofigh N e Ref 6l butifpg a lave of
stressed niesd tnitwide 126,niB0tdvierl yimgtthad thim inetad silicidet watasts befiste the step of
formng netallized contacts 122 to the conductive
Selec%%p?l%s!tm@.a leyer ohcoRelse materiah 1 further conprising
the step of depositing a |ayer of stressed netal
nitride 126, 130 overlying the thin netal suicide
cond-actEhepaétbod of ¢leing i dyrtldfr conipeisingvb¢ steplepdepiositing adayer of

swessp HEhRbe SRR L B ek B BAE S [hyer “or

stressed insulating material 150, 152 overlying the
gate el ectrode. 4. The nethod of claim1 wherein the

st &p of Theanetbed obelping éydierein thy semph sedestively depositing comprises

the step of electro-less depositing.

5. A method for fabricating a semiconductor device 30 comprising a PMOS
transistor 33 and an NMOS transistor 31, each of the PMOS transistor and the NMOS
transistor comprising a source region 103, 107, a drain region 105, 109, and a gate electrode
66, 68, the method comprising the steps of:

embedding a first strain inducing semiconductor material 102 into the source
region and the drain region of the PMOS transistor;

embedding a second strain inducing semiconductor material 106 into the source

region and the drain region of the NMOS transistor;
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the step of electro-less depositing. 5. A nethod for
fabricating a sem conductor device 30 conprising a

woPNbEbEgnsi stor 33 and an NMOS transi stor 31pcqga&3oddions692
the PMOS transistor and the NMOS transi stor conprising

a smmm% theginetal lididelOntac® 142 dldericflly @BnthOng théourkBeegion
ate el ectrode 66, 68, the nethod conpri si ntg t he
e

a' . . » - .
and the gw weongfsheiBMS tansister andithe ourgeegianrand the drain region of
' or material 102 into the source region and
me@ﬁgsgﬁg?ig&%’egi on of the PMOS transistor; enbedding a
secsdiectivelyadepositifigaicogdeive tayecl U4, dn 6 BRERyingthel®t metabsilicide
the source region and the drain region of the NMOS
contaCisynsi st or; forming thin netal suicide contacts 112

| stor . , C
e e&érgdrsgga% g%’lagefc}'?{f%%rhtr@regﬁﬁ iAE MEGHAN 56'6%11?@5 the PMOS

dr al e PMOS transi st and the sou
transisgj @m and the drain region of the NMOS transistor;
selectively depositing a conquctive |ayer 114, 116
ovepPHGEEHAVIA A SHeT SuETed oA e ripial e sueilyingghe
NMOS fra%ssiorof a first stressed insulating material 150

overlying the PMOS transi stor; and depositing a | ayer

of a second stressed insulating material 152 overlying

the N transi,stor. G The nethod pf  clai wherein .

t heSst epresneBgh 3t o i di 1t oLasids PelitpRuco sperises
the st@ps ofdepositing a | ayer of stressed netal nitride 126,

130 in electrical contact with the thin netal suicide

condenosiing adayas|of sessed metnl aitpde 126,1g0an elgpaicabeontast aith the

; ok A the | ayer of stressed netal

th"“%%?%?%ése%&ﬁ%hézﬁgthod of claim6 wherein the step of

el eetcten-less depiringid lape of nhaylan 401 1 6@iealyigotipliye of sthd@sed

steps of: depositing a seed |ayer 114; electro-|ess
meta Bﬁéiting a layer 116 conprising cobalt and tungsten

overlying the seed layer. 8. The nethod of claim5b

wherein the step of enbedding a first strain inducing

7.  The method of claim 6 wherein the step of electro-less depositing a layer of

metal comprises the steps of:
depositing a seed layer 114;
electro-less depositing a layer 116 comprising cobalt and tungsten overlying the

seed layer.

8.  The method of claim 5 wherein the step of embedding a first strain inducing
semiconductor material comprises the steps of:

etching a first recess 96 into the source region and a second recess 98 into the
drain region of the PMOS transistor; and

epitaxially growing a layer of silicon germanium 102 to fill the first recess and the

second recess.

9.  The method of claim 8 wherein the step of embedding a second strain
inducing semiconductor material comprises the steps of:
etching a third recess 92 into the source region and a fourth recess 94 into the

drain region of the NMOS transistor; and
-15-



sem conductor material conprises the steps of: etching
a first recess 96 into the source region and a second

WO R6E85:488 into the drain region of the PMOS pcT/US2008/004692
transi stor; and epitaxially growing a | ayer of silicon
ger gptix iy Swing d lalér dfRRidoh caiboh 806 %6 fiflMke thitd r8&E9BAU the
recess. 9. The nmethod of claim8 wherein the step of

fourtleFS€%Fdi ng a second strain inducing sem conduct or
mat eri al conprises the steps of: etching a third
recess 92 into the source region and a fourth recess
94 10t oA shrgin@hBanted 8gintdndlictéhdeviddAD dondiiirgt or ;
andepi taxially growing a |ayer of silicon carbon 106
5 to fPPYreq W@“’cﬂlﬁ(%d 107 a3 degiyyragien Ko, 109 senagasedsby 3 gtraiped
J; nced sem conductor device 30 conprising: a
dmm%%a%%glﬁgg?bn 103, 107 and a drain region 105, 109
sepagatettchyda6® byvalyinglthelsaninel chagiebregidh, 72; a gate
el ectrode .68 overlying.the strained channel region;
t hi iR ifigidg Sopiasts éi#é" the sopge r¢gion gyt the dralgrefioning t he
dr abfleleQed-RA; pfaftaloRhéRel1SRE 17 B eAYAUGHE ifin L fkRk
114, 116 overliying the thin suicide contacts; and a
10 contasts; ambed i nsul ating | ayer 150, 152 overlying the gate

el Y tstrré)sggd insulating layer 150, 152 overlying the gate electrode.
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