METHOD OF MANUFACTURI NG A SEM CONDUCTOR DEVICE WTH A
STRAI NED CHANNEL CROSS- REFERENCE TO RELATED

APPLI CATION(S) This application clains the benefit of
U.S. Provisional Patent Application serial nunber

60/ 599, 650 fil ed August 5, 2004, and the subject

matter thereof is hereby incorporated herein by
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channel . BACKGROUND ART Electronlc products are used
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silicon substrate having trench isolation regions
surroundi ng n- chann&AQGKGBBRdBRRTt r ansi st or ar eas.
The transistor areas contain polysilicon gates on a
sklkdtemic pradders direluedd i Glma3t egat easpect AEifc,OMRY tHelart of these
silicon substrate. The silicon substrate adjacently
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Semiconductor dies are made up of hundreds to billions of individual components.
One common component is the transistor. The most common and important semiconductor
technology presently used is silicon-based, and the most preferred silicon-based
semiconductor technology is a Complementary Metal Oxide Semiconductor (CMOS)
technology.
The principal elements of CMOS technology generally consist of a silicon substrate
having trench isolation regions surrounding n-channel or p-channel transistor areas. The

transistor areas contain polysilicon gates on a silicon oxide dielectric, or gate oxides, over the



caIIed deep source/drarn regi ons. " The shal | ow and
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relaxed Silicon/Germanium (SiGe) substrate to obtain the stresses needed. However, these
devices have the disadvantages of self-heating and a tight thermal budget window. A higher
strain also is required for pMOS transistors to obtain enhanced hole mobility.

One proposed solution involves etching a recess in the area of the source/drain regions

and depositing SiGe or silicon/germanium/carbon (SiGeC) in the recess to strain the channel



the channel of the transistor. This approach requires
an insulating layer that also adds to the cost of
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Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages wil] become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view of a semiconductor at an intermediate stage of

manufacture in accordance with one embodiment of the present invention;
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FIG. 12 is the structure of FIG. 11 after formation of a layer containing a strain-
inducing element;

FIG. 13 is the structure of FIG. 12 after formation of a cap layer;

FIG. 14 1s the structure of FIG. 13 after driving the strain-inducing element and
removal of the cap layer and any of the remaining strain-inducing element that was not driven
into the source/drain regions;

FIG. 15 1s the structure of FIG. 14 after formation of a number of contacts in a
dielectric layer;

FIG. 16 is a cross-sectional view of a semiconductor having source/drains at an
intermediate stage of manufacture in accordance with another embodiment of the present
invention;

FIG. 17 is the structure of FIG. 16 after formation of a layer containing a strain-

inducing element over the source/drains;



FIG. 21 is a rom;chart of a nethod for nanufacturlng
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t hen f|IIed with an insulating material after
device 100 at an intermediate stage of manufacture in accordance with one embodiment of
the present invention. The semiconductor device 100 includes a semiconductor substrate
102, such as a lightly doped semiconductor substrate of a first conductivity type, for example
a p doped semiconductor substrate. The semiconductor substrate 102 also can be a Silicon-
On-Insulator (SOI) substrate. A well 104 of a second conductivity type, such as an n-type
well, is formed in certain portions of the semiconductor substrate 102 by a diffusion and/or

implant process.



formng a liner to formthe nunber of STIs 106. The
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substantially different from the atomic size of the element or elements comprising the
semiconductor substrate 102. A strain-inducing element creates a strain in the channel of an
MOS transistor in the semiconductor substrate 102 when the strain-inducing ¢lement is

driven into the source/drain regions 116 of the semiconductor substrate 102 adjacent to the



preferably with an atom c size difference greater than
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inducigg ejfienhd Thpaiemiooge piiCemnd § wyantidedlcdHernhihag the atomic size
CSiraln. ain i ng i . Lo,

o i3 4l AHERO0EL L S RART, TP, RS B g prose

inventsatbsequent di ffusi on of the dopant along with the Ge

or, C ato as. the ca may be into the ource/drain , .
O e 200G PRy sSSP BT ST 9lhe faver 49 containing the
strain iR ABL @EhOR RFP IS SoulrPe/fi 'Ir{nreg{i(ﬂg Bradr ‘Tﬁé g{iyaek 0Q containing the

. gext e_nS| ons. In the case ere source/ dral n opant S
strain-gndecalgr danynt hagt poltitckedssi mitgetthebswuf e dmdi #bouedi0od nm, and

6, the pres e of dopan ons in the | agyer 20Q0.is :
preferdsly hien REFL ARG ROVTPD! RIS, o e casgitie » stran-
inducihf €lepfehitiGineRlopbd I Sy 8 fadilitafe tHE FornAlort Bfsource/drain extensions by

strain-induci ng el enent into the source/drain regions
subsequegt diffiyeion of Sierddpaakdergyweh dreGe or § atems ge thej qasomande into the
cel [ egi . i zi ng the.l aver 200 '
soure @b 21 B HRPL ol e P or R ess o form
the soth&/dxindakiensionf tlaetHeayse RBOredtHcveSurtdi€ain dopants are already
. strai n-inducing _element into the source/drain_regions :
introdyegq intprac saurepadiaBhresaurls, te PacsersRoeh daparteatems dbbigtlayer 200 is
optiondP0C to about 1200C, and preferably in a tenperature
range of about 800C to about 1000C, to oxidize the
| Bgferrin0fvand FiiGi Vethbtetn st stown ieduottoge of ERRM aftet driving the

i RS RL 8 e S kot P 5 0t S Sh Sen

drivenPi@ HSS sourddi@ralrPYiord 001 188 bxibinB&hE YheY 1081 Hinkffing a strain-
_ which results in the source/drainregions being

inducipng plgg@ng$hog{m inyFigbadv dhe lvaidappe pf glgrlgm éO@fdritvbﬁet.he strain-inducing
cteme S BRI FLL0- B PEHGRL B o TR bhahEith bt o abou
400°CAot &onatIDEECY ,anll NBeRIMELSS at Rapefhbiry @8ndd8f about 800°C to about

100008,t troa(ix?&iizg ghléclieqr/]e% 2%|Oearxrlg r:itrivie rhtlé) sttraqg—ilfd%léirn%eelgnrlgit r1]n’to the source/drain
regions 116. An oxide 302 is formed from the layer 200 as a result of the oxidation process.
The layer 200 need not be fully oxidized, which results in the source/drain regions being
raised slightly above the upper surface of the semiconductor substrate 102. This will result in

a lower series resistance for the MOS transistor,



regions 116 is a nitridation process or an

oxygen-pl asma treatnent process. A subsequent
tenperature step of between 700C and 1000C, for
exanpl e, annealing in nitrogen anbient, my be
required for further diffusion or re-distribution of

t strai n-induci ng el epent in the nunber of source
d F&gﬁeﬂlafléglwoﬁl?g PIOGESS that G ty Weip-indugipgelement jike Hesopee/drain

reglorﬁhpﬂ’@"xstJ‘ﬁltl%artﬂdﬁtﬁi'&%sé)gr B Gxy géniglﬁs‘?ﬁa [ EARR pIQ)E%StSheA sgbsequent

oxi de 302 over the source/dral regi ons 116 e oxi
tempe3gP@re wepped lthee:DeTQO € andu6d)’Gs lﬁ@“rexampldoymmahhg ngpitbgen ambient,

oy SRR TP By RO RSl bine cemen

numb&USTShaRk ldadik Yegisigtighed. A nunber of source/drains 400
then is fornmed in the source/drain regions 116 using

cBﬁfﬁémg mmlto ENBS dhﬂyf:lngs strovaiha émlq:tn@ qurHiGeé sitsr refiiyeral of the

OXideé ? i o o\‘lrc @aa Ry antla}trg?su af |an fo gl afve?y FeR Uy such as

by etchRaf@teRahprR, 694K € dilaw thydrofliubrit Hdﬁﬂt(HBP SAcJEJ%&nEl@rr thelB&lee/drain
112 al so needs to be renoved. This hard mask can be

regionsg§vaseseiseatiellx unsishsfe Aorurbarelt spwee/deusci)Odhen 1y formed in the
sourcé/ﬁﬁtr?&t @E?grﬁu{gtﬂlﬁ? g&ﬂﬁ&ﬁ]—@"’dﬁog t£P r%oal{dh I‘I[ng%}]lnn(% Elgcesses. The

sourcﬂdmberonofnpmmtﬂntcﬁn 50 @ona after fonhatidrevfeddditiophEiktilaing spacers to
yer 502. The structur s .of the transistors

furthﬂ% ﬁ"a‘iﬂr%ﬁ ﬁae SQWCH and drafTyuREHQpss T sbaadﬁaaséolﬂea*@péleﬁworbs\r@noved
This Hrdil gl@a;a%eoefr%aeaj hye%ﬁﬁ%% of e{ﬁe? QRMRBLE-AR Hﬁﬂﬂ&{

Accordlngly, t he nunb source ralns 400
f Refrrieg hove it B1G .oy ¢lner&04s $torwreide sbuenret dfeiis. Zﬂmﬁegﬁilmation of a

108. ha ond sili.cide.layer for over it.
numbg, of f‘?.’%?‘?%é@ e oy s D Gl S fRE sighgpurcs of the
transiRbRARASAN dBic@ 18caMTs Rir A8E8sntd®s Qlla%a{fé Z@ﬂﬂcﬂl% fbled over them
| ayer 502. The ILD | ayer 502 has hol es formed through

Hlacmh@ﬂmqnﬁIﬂwW§F 502 over the vari ous contact areas. The

Cong rd n:é\)}é l‘nﬁi@bér Y §0 ;dl‘%rilg 4{)9 dné?%n#\f"s{ Slllf)léflsﬁﬁ]a}/% eg()% formed

erral, R

over theib®he glte ¢ ORhaci §ec:5ﬁl951ha'1klbl &yeﬁSWﬂSﬁﬁéd OferSOUIeal gy Ri/& 502 is
contacts 508 is formed through the I1LD layer 502 in
formed gerthe sipgtprerand processed 9png @ P pagesss wolanpgige thedd D layer 502.

rhe PTAE S SRUASE| S0 o 47 kA S0 s con
areas. S€bohdesirl nhedﬂB lhﬁa;eiOZ Eﬂﬁﬁﬁmbmthtafmntgbib&oﬂdﬁ&tivé imatérial, such as

be a%g%{ nt from read%Bg of this description that
tungsten, &0 eaymocs ¢4 8tac3Y8n pur poses only. The gate

CORER G nuabr Hﬁyodﬂégfdlgﬁl ddhtdces R T Rh QN Rrdieh YRETID #Rr 502 in

contalnlng the source and drain contacts. Referring
contaqy giatht the BrsGsil@ideHeyaisnd ioyesthownmbercofomsrcsairainodd). Aigate contact

510 gt B SANESLE 58 SR SR Sver 50 o

the gRE106] MBIl B¢ dppel 868NL rbaN@NF ARis deh&iption that FIG. 5 is for
sem conduct or device 600 includes a sem conduct or

illustrafigmsiryrnesss osly2, Thaugdte sentact| 51§rmaynefdiseie the siro nthue s the planc
contaiﬁfﬂ%%fle[ Q)tu?ceognd%r;ih rcgrtlta&g.ndum lvity type, for exanple

Referring now to FIG. 6 therein is shown a cross-sectional view of a semiconductor
device 600 at an intermediate stage of manufacture in accordance with another embodiment
of the present invention. The semiconductor device 600 includes a semiconductor substrate

602, such as a lightly doped semiconductor substrate of a first conductivity type, for example



8 a p doped sem conductor substrate. The sem conduct or
substrate 602 also can be a Silicon- On-1nsul at or
(SA) substrate. A well 604 of a second conductivity
type, such as an n-type well, is forned in certain
portions of the sem conductor substrate 602 by a

di ffusi.on and/o rocess. The senlcogduct

' nt ro..
a P’ dappdserugqndgeror %Hf%afﬁaﬁ& SRR SRaI B 00L ASACHN be a Silicon-
On- In‘sxﬁ@tloﬁ"(;‘}@ﬂssubgtgfé Sh §RB d09 JrsoiRbf EORIERARSHDEOSRh LQ an n-type
be manufactured in and on the sem conduct or ubstra
well, BORmMmFhe earkivepotbnSH theseMi¢amdpeton substtatoyo0R dryna d@fusmn and/or
1trenches such as by etching, in the seniconductor
implagh I§5%t e 602. The trenches are then filled with an

| & sainiddadhRb e EhiRtraRl @ alsh WA DGumbki BEIshiiov AFeth Rdlations
nunber of (STlIs) 606. The surface may then be

(STISb@Qﬁcf@sgé@Fe Ucs tﬁ@lswor@ Hebg manuipeturedrin ead opdha sshilgngdpaivPubstrate

S Sur face .0
602. %8%?1%12) f gﬁ“lssé(gﬁo ] pr V1d8%£y n{nﬁgttretnﬁltéesuﬁucgrassb&/r tf?tglgg% in the
semicofductoe sabisthes 601 . $]ila Sreﬁ&ﬁasaﬁe theaUiisddawith ahlifsutaplcanaerial after
with the upper surface of the sem conductor substrate
fonmm@hn% tp iforat theinygibene (¥ 1D HP6r The septacganassthem bnpiogessediusing a
r r s
oSS LR (VISR D N e or e
semlchmfuctdnrduhlsm regal m(ltldie tﬁé—lhlﬁb@) surfideeclof thavembeh ofI8aMs 606 are
dleiectrlc const ant conpar.ed to silicon

substagigly qeplaRgy B bt S@}?@“ee Bh# semieenduglan SERpRts g A first
msulaﬁn? o ¥%sht b;ﬁ@é‘;s‘ A% ForRfed %ve&eaq@'suh?%e;af thé eelﬁi%mugmr@ﬁﬂ;@%ate 102.

over the first insulating secon
Altemahsezly,almgh@: dhalyeettncursatfmmmwb\ne thafiivem/apohipsinlaxadn(Hidy@)y, which
second |ns Iatlngg€a er, can

have {ighit ielEe 60 h i v Sorge G p ik SRR
by §£0¢ BURGs PreiidddCOP feHxg depdliyailiddh 1Ia%)>fedr £ Qielta‘?\’l@)d:r o form a

the formng of a silicon nitride
metal atsp swves itht firsayegulatisgdepasi ﬁewcewi ﬂlrseﬂaél@g dmtﬁr is formed over the

p01y81'| B fa &J &Qhe QNF hﬁqeoﬁg od' 1%?\5} tm eerrc:aI 2ot s?s?t%ﬂn%%j than one
an BP’ {l

oces nask
layer @f matessle dudhOasﬂfyf fﬂnhh% agé!h@mﬁ@ﬁ)xbi}é (S8i@hi IM}@r T&R)V&ﬁ&@ﬂde forming
insul ati ng |ayer, the polysiljcon |ayer or the netal

of a sjligpa it Sielapes s dgieatt fagren &y@ﬂoosmdeomﬁ@t whedl insulating

layer. pﬂ{et f%?)(g@%lsttl rlé %%ngl S%@%ﬁo?%ge%%ﬁ) %:ébﬁ%}él?s hgl‘)e gate mask

is procpassddl to rorof tlte@tes@&mdetchmg theaderogl inanyieting layers th& ﬁo&rsﬂicon layer

o S L2 e 505,80 oot U410 SRR ELS.
layer Bathané gﬁt@%d@%ﬁnﬁ@?ﬁte@ﬂ&eetﬁc g e["hlenetoE@&' b&@/oq rAitie second

regions 616 is thus fornmed between the insulating
msula@lf.rgabwr fonms ah@!rdtm@krﬁlﬁ‘mr:r bf ga®T08. @Oﬁmmlam‘r&spscﬁrﬁahées formed

sroun e SEYSAMGRTE Bbote” 18 0% o s, MG Mo BhpeawpeRber of

sourc@cﬁﬂfn&%éﬂhﬁbm ﬁQB@J\I{)‘im@& béthiegn ﬂieeiﬁsulﬁﬁfgeépﬁd:dﬂ%lﬂl@ﬂﬂ tHe number of
therein is shown the structure of FIG 6 after

STIs éQﬁ ﬁta'{hie srfage af theaspapcogincion substiing0h Jhe mumhen @l @pwge/dram
reg10n§ lﬁ?m& of &‘&a‘} ¢ b@ﬁo;ge%%ltth Qd%l?ceﬁrai% (B%ant@é?ﬁns s@e P-

Referring now to FIG. 7, therein is shown the structure of FIG. 6 after formation of a
layer 700 containing a strain-inducing element such as at least one of a Ge layer, a SiGe
layer, a S1GeC layer, and combinations thereof, which contain Ge as a strain-inducing

element, over the number of source/drain regions 616. The SiGeC layer also contains C as a



| ayer, a Si GeC | ayer, and conbi nations thereof, which

contain Ge as a strain-inducing elenent, over the

nunber of source/drain regions 616. The Si GeC | ayer

al so contains Cas a 9 strain-inducing elenent. The

| ayer 700 containing a strain-inducing elenent is

. f.or ned depasition er the structure of F

swain s, el 4o DY et A adkdte slefint imfprmed by
deposﬁpﬂl%vei QQOstAIRurd B FIG 86 e TaByyeb @b@"%@i‘ a "ﬂkﬁ@kﬁe@ Qeti@e288but 5 nm

about 200 rimReferring nowto FIG 8, thereinis

and alyo WA0Q mia, andr preferabdy b¢tWIEchabom af nmardrabouh@otmm

strain |ndu0| e i-n nunber of .
soﬁ“%c SRR :@éﬁe Snd eéT 18 ﬁ%w t%? a%ﬁuc‘aﬁrﬁ SEHG- Tedflsheliiving the
Stramhﬁdtd:liﬂg\/élﬁmleﬂtt mitd I AT ofofous@tirsia/ &gi@hﬁ 6N 891 HSsthdfinducing
oxi di zing the |ayer 700containing a
elemegl{ ARidHVERJOG g éPI@gﬁf of syprsc/didin gegions &fl 6t e oxiljeing the layer
[ rai e
7000051?3%113%'3 ﬁéfalcilﬂgxé&‘n ékrerglnﬁt Tl?ed&ggﬁ%ﬁludnfﬁﬂg ﬁlg/]@rd%(y gontfgm]%g a strain-
inducsgi@edm rdaives thegiraitsindoditg elEhenoiite &te nmine of kéurad/dRin regions
tenperature of between about 400C to about 1200C, and
616. preferably between about 800C to about 1000C to

oxhdbZRlatilte o!:c%Yseét ﬁ:e PRI T 'b@gv&nsa'bﬁéti Aoeend l?iﬁé)lﬂq 200 C, and

el ement and drive t strain-inducing el ement ‘i nto
prefernluiuﬂ)e’rwcwh aboutr 496/ @ taatwut 1 6¢0°6rte oBikbze thn lay)er @60 8ﬁﬂammg a strain-

mdumélg e%g%{ﬂ];tr %ﬁ tgpl}ezcé lgﬁﬁ?/g ; %;1 ng,}g:%&t( g{eg hntB rt %Zélglblep % Csloﬂxgce/dram
regiorl 18 Daf &:M& ¥62 & HERIIESS $hd 3R %@'cﬁﬁﬁlﬂlﬁ}?a strain-inducing element
strain-inducing elenent into the nunber of

as a r@@lj of diceradationagpess  Bltemetivelpathe prasasst thaindrsige Ithaﬁraamnducmg
ation process,,or oxygen_plasm treat
clemel} 1ok SR e B SFERE 0B, PR B BB g b B G aaftgdation
proce@b@'uein 6}0}%@ plash@f tré@eRl. €A aBB&RlehN@nipdrafirt RGeS between about
be required for_ further diffusion or

700°Cr @dd@@PF i %)Q(i6 Corfopexampple samgling waitperp ankigetymaybetgguired for
R B0 B0 GRLRIRRR, oLFLEY bl RO M B s

drain regiomuw &l 6.0f the oxi de 802 over t he source/draln

r ons 616. T ide 802 is renoved, such as
eﬁgﬁ%‘s nQvyép F |9d§“%@9 15§ wm@eégg@u@roféé%éﬁﬁ@f fegoval of the

r f r
oxide EEF %'v%‘rHﬂlFl)@ qg@ﬂgggra?li?él%gfg f{lg rig?ﬁn%\gig&e?%eﬁlg ){%95% kﬁ@l ds%y etching

the  ogdbs¥uennl the ease etic imnbeing othpritsimpdoyidg o@anemte fcmxethple a

used tq, renove any er that
hydro i, ASAHEY ek ¥ freb b RN E S BOTE 1859 aviaiepl an ctchant
compriisthd Bedodn ?é}@xﬁ@ M,00elHCt BF) ﬁH?%Uu@&Ft(ﬁ%ove any layer that has a
Al ternativ wat er at about 90C can be usedto

Ge COﬂ@nb\%@aaﬁﬁyhanagmut 19a ¥ wgoa ﬁ;é syttt theofengewdvetor shimtrate 602.
Altemgﬁ‘gég%,r a(? (;@ag%f?%g &tl'b%o % S%othot rrél%o%g 'g‘?g ran gllrj ﬁ&}vel‘rég % Cie content

ccor |ngly, sour ce

of gréal& dlizd sbbst a8%d alktogs umet alrede dhithe CleGAEINAYCtSE Sfabtfate 602.
required if there i s no strain inducing el enent

Accorfhrngm |t}§‘y§9urembamerﬁgq<)ﬁ§ |%6 &F ﬂ@ﬁtagpalbh@metche This cleaning step is

not required if there is no strain inducing element from layer 700 remaining on top of the
hard mask 612 or on top of insulating spacer 614. A number of source/drains 900 is then
formed in the number of source/drain regions 616 using conventional CMOS doping and
annealing processes. The source/drain ion implantation can be performed after formation of

additional insulating spacers to further separate the source and drain junctions. The hard
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hard mask 612 or on top of insulating spacer 614. A
nunber of source/drains 900 is then forned in the
nunber of source/drain regions 616 using conventiona
CMCS doping and annealing processes. The source/drain
i on inplantation can be perforned after formati on of

i ona sulatln ers t rth separate th
mask 858 lsh S8R5 bt bE  THOERC sk ran B bR BdBeckipdgore or
aﬁerm@ﬁdﬁcé/&aﬁqn{p%ﬁ@aﬁ%ﬁste he hard mask 612 can be renpved
directly before or ter the source/drain

i Rplesmendvo e BliGed0, tﬂ-’ten‘emxs|8h@mdw tocEreHf Al Stafier &irmation of a

numbt!:r onf,gcecnvrn%]fst ﬂl%lqtsitgr ugt t%gg dhelecg Tic ?ﬁ]@j)l lgy/eél 1%8?2Hé1gtsltru8tures of the
transm(td)ﬂs [Bat Ay &ervEQGR Zocalibes fol tMCEIN RS Mby hBR: a bilidlisi fSiddSover them
that will serve as locations for the contacts may have
in a copventiqn@] ganssr red over them in a conventional manner.
A I al-n a
FASSFLRR, o ATRDUIGl o AR0GFL S5 ARLATeP s o
over th@B. AR gats 609 hds Slsbct(ml(id&hdl%/ biyed 00@ fomaedver &l THe ILD layer
| ayer 1002 forneg over the structure and

1002 ‘ﬁhfg’é‘% e¥eriihs ﬁ!@ll%u PrsCESE wgm SHHr prsessHe plapuze the ILD
layer 160" THOGZD 1-5 & ?({]{9 h@ﬂleé%eh?ﬁrdﬁ%{] &8 TCHR er, 1002 over the

t hrough the ayer 1002 over vari ous c
varioua rcensct dfh'&s hﬁieelsald:srﬁntthe ILID Mayeay 662 1&0&]@#*&1% ial sIuﬂﬁlelctnliﬁuctlve
sui.t ahl e conducti ve erlal @EFS tungsten, to

mate“la]oﬁ?ﬁhtzﬁ e o Fné}&Fn‘P‘éI& ?Oiﬁ‘ﬁﬁac S a nunber of
SPRUESC & hEBbiofGBRcaatSn L0R%td $ods0k MEchdanfRugh tﬂehﬁd thi2r 1002 in

Iayer 1002 in contact with the first silicCide |ayer
contact G0th e dirsttsilécidolayerel Wraives t@OE@urCngane 9gdntagite tQitact 1010 is

e o B 4TI, B B4 207 b SGRLPS ver n

gate 608.| 1t voiEl IRRPPERAL frdrh AFeddin € afihOd RErifthinsthatescy 1 pid @1 illustration
that FIG 10 is for |IIustrat|on pur poses only. The

purpoggaoalyc ohtcagite sontact Y0 mesty 1sé b an theesasiprpdany] anibie plangtyentaining
thendyb Hﬁ%%bghﬂg%F&ﬂf >t \Hger of source and drain

con act erring nowto FIG 11, therein is
Shei\“ﬁlh@ wvosckisedll ] hagin Miskwwoh cdossestttmanivietvalf a semiconductor
device 1100 at.an internediate stage of .manufacture in

devicey 083 ah euemR i affeghrmaivditeh accosfance & hrangtist embodiment
of the pPERLHQMtiod NELS SR Aevide Y i m%ﬂqus @%hf&gﬁ&g?or sgbstrate

sem conductor substrate 1102, such as a
1102, sech aorrlighty dopbss semicondictar §ubssatecahal ot vordpctivipe type, for
rate

IS EAS SRR T A T
SilicoPUnL B9HlaeP (305 Ylsdi@te. (Sl ﬁl@h&;fraaée@ond%dfﬁ{l&twl@qﬁp@fsuéh as an

second conductivity type, such as an n-t )
n-typefwelhagifdrmed ¢t eertam p@fﬂpnm%th@fsemmnémrmh@m@ &#02 by a diffusion

102 by a diffusion and/or inplant process.
and/or %ﬁ&Eﬁ$%%%ductor substrate 1102 al so has a nunber of

sTigd b@michiidkReh dubgitadd i1 OOB also has a number of shallow trench isolations
(STIs) 1106 to isolate the transistors to be manufactured in and on the semiconductor
substrate 1102. The number of STIs 1106 is provided by forming trenches, such as by
etching, in the semiconductor substrate 1102. The trenches are then filled with an insulating
material after forming a liner to form the number of (STIs) 1106. The surface may then be
processed using a chemical mechanical polishing (CMP) process which stops on the surface

of the semiconductor substrate 1102 so that the upper surfaces of the number of STIs 1106
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(STIs) 1106 to isolate the transistors to be

manuf actured in and on the sem conductor substrate
1102. The nunber of STIs 1106 is provided by form ng
trenches, such as by etching, in the sem conductor
substrate 1102. The trenches are then filled with an
insulating material after formng a liner to formthe

are supgipBEdlyspplesan with theoppertwefose pf the semiggnduséar sybstrate 1102. A first
C

msulag?% g@ég Sgﬂﬂﬁg% f@tpgn g&%ﬁh S.‘)%gr @E% ée (ﬁl t]g@ ?%Tml%gﬁd’]&tog %s)trate 102.

Alterrméenel@ Ohighdt dlEleStﬂhSIhmaﬂﬁs %lslﬁﬁ as Qlaﬁhaiﬂallhﬁlnumﬂtﬁd‘ide (HfAIO), which
aces of the nunber of STls 1106 11 are

have %@Bﬁ%ra%%lﬁﬁw gonsit Shuuslicoppersd to sibeen é@wﬁae@ayd?re YSEd

ty; I

LD SR 02 6 et Yoy o

metal @tﬂ) coed blet Orst snﬂmﬁattmgt laydrOZA seébmtb insatating | lyyer Hi ghmked over the

polysi?iﬁ?rlb\]%%rrcl)r&hga En}qt% h}g ”Jéﬁc’elr'lﬁ%g%@f n al réggltayc?rlé:lilig] Gaéjsengé%? m(oge than one
layer b’failng@)‘lap QRS S T RmB fé 4 ﬁﬁeorgﬂfé&idéqsm 1BRr ?{ﬁ%ed%y&ﬁt‘: forming

i s provided by formng a polysilicon |ayer or
of a &ﬁmﬂalnlﬁa§e(lsllﬂl Byfor v photomssial lagalt B) dapostedtcm:ﬂh m@nd lnsulatmg

tayer, g an® g She R S5 ks b Al ario s bibot BT form e

gate 1368 bR dtchiigtth@bdcdfd kiRMRling 8yek QﬁbspcﬁSrSIHéoﬂﬁj’/& dr e meelayer, and
| ayer of material, such as by forming a silicon

the firgy wsylaang Byep) Theyyrgtched | Hosigsgo e tive nghatinggayesfbegeath the gate
1108 %lglr%gi%?te 1éléétﬁﬁéﬁ s%e'g%tﬁé dﬁ?’eﬁéhgfl gtolpdr']b o(%rtﬁés éecon ar%lt%gitnlrlél&yer forms

a har(hﬂndskpr OQesse thet gntd 0T (8. aAQ &ﬁﬁldtﬁhgl@pa&h E! 1 gﬁaISEfol’ﬁi&k atoind the gate
rocessed to formthe ate 1108 by etching the second

dielec I‘h?slﬂ 184 thegeatey £98. apd dhe,Bard dnaskcldi 2) £ epmber ehgoupgefdipin regions

1116 JsaH& fon‘ﬁ@(? bettad?: il 1§£uiétﬂ%%£%éﬂq 14 A% he ﬂ?ﬁb#%?tsqlfseijl 06 at the
portion o |rst I ns ting layer beneath the gate

surfacg DO &hef Ennmlﬁuqat subdiratedd 02.i Thé hitbiberThtesounetdriiadegions 1116 may

ortion o e second i.nsul ating | ayer fornms a hard

of ma?rﬂ%ﬁé’el‘l%fﬁé 3’@{51501’4? } dopppgat ﬂﬂg S®Rsul ati ng spacer
1R &f S dow Fﬂi‘FjICﬁrlQUih@re‘hh% BatA thditrlcRFE bf PIG h]loaﬂe} Rimation of
gate 1108, and the hard mask 1112. A nunber of

a layes 429Q eprpiaing & @tgalmmylucmleéemglttsnds a$ ol lved dpetfwe i layes, a SiGe

n S 114 an s 1106 at. .
fayer,  SH0&; {2 BEF Sombtddaf e, SANEbulin bt Baoa aflgnveine
elemefty Gh&r th@fstrﬁau{e%bdfhah TFIGE‘ 01.0Mse Ei@ﬁj MB¥r aleb cORHYine@ ade strain-
doped with source/drain dopants at this step.

mdumRéf%?m?rﬁg Adf leperri 0 sontaming @ siraisingieing elgment is formed by

deposﬁltoﬁ WeLUhe St?lflCtlElJB%fF }é ﬂf Ufe ]E)?er@bb g{ﬁntg ];11 3 4&%}/ e—{nldl!lglgg element

ontaining a strain-inducing elenme SUCK ‘a5 at "f'eas

has a thmknéssé)ef%aehayeuit 5 @m Shéaboult agem nmaarfs feeteratdy betweamabout 50 nm
congﬁnatlons t hereof, which contain Ge as a

and abopt Z04nmnqgyci ng el ement, over the structure shown in
FRGerrink no® HERS; ﬂh@ﬁéﬁﬁs%h&?n BRLASe & B3 32 SReAlliPfusing the
i nduci ng el ement. The |ayer 1200 contail ning a

strain-grrduging-el gneknt img tled ousre{drais rf:gmmebll gy A dgplagert 1393 ipfamed over

t he st of, FI 11.. The e 00 .cont ai.ni,ng a :
the sulgpes i Fith 276 detosiogioh indlip§ HRloRAE SEctb i . 2uReGo e oxice.
The s@aiftih@ithgadlembntli@ARiveminteNee RuffbeF 8bkourbeIMBERAROUL 16 by an

50 nm
annealing process. The annealing of the layer 1200 drives the strain-inducing element from

the layer 1200 containing a stram-inducing element into the number of source/drain regions
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and about 200 nm Referring nowto FIG 13, therein is

shown the structure of FIG 12 after diffusing the

strain-inducing elenent into the source/drain regions

1116. A cap layer 1303 is formed over the structure

of FIG 12 by depositing an insulating material, such

as.a nitride_or an oxide. _The strain-jnducing elenent
1116, i“la PR &WET AP0 PHYCHS r?b‘éfilfgllsloé‘o(lfr@%/SHﬁlérlﬁdli%‘g& gment asgwell as
other Q%pa"f\& ifHROeA H&@n%%@%ﬁﬁé}m%@?oc@&nea' ing of the |ayer

00 drives the strain-indtcing el enent from the
| Rytarrid2 00w cotilG@i i, nberainsis shdwn itrducictuge ef EIG@Nit3 after oemoval of

the calp;'lg ul;%g]gsangf 33 tg ﬁﬂytreza b:i?ng {f}gl}agtﬁlsl%f)\’?rh %]égtlre-rsh[%ct(::urg The cap

layer 3B0RIiN réfeell RGcHEhe BoNdtciRg WRlnk ASuitddfch#@P@dpefdink fupon the
present, during the annealing process. Referring now

insulating mpaterial s1scd ﬁef@nmthﬁssap Hexem 1802 StheuemaméngporfipG.of 1@yer 1200

contalﬁmt)gear strrfgtbngl\éum Ieinelmn é}? 619 %rgf, fsh]él%ré’ﬁ%(? F%Chs%S%Jc‘%%éP%g ]%‘f'{ example, an
etchartaff HiGBY@lg. 3306} Has beeimened, toSsdleltiady Richerthe MiyRe 1060 REntRining a

sui tabl e etchant dependi ng upon the insulating
Stramﬁ%d%mga@el@%tdth@bh%a e et reagiethan 3bgut e Alternatively, hot

water a?gﬂadup bie: @a?lratlé Otﬂi ed ltcf"ye%{ %9600)089 H&\ﬁfﬁ%é %% c%ntenhofa%reater than
stral n-induci ng el enent
about 6y %et Advordingl-ahe axabg <ﬂ‘ soﬁfae/dﬁmﬁ: l‘@[ttns aft 1620G2bgtentihlly unetched.
Bm %ﬁ‘? een f und to selectively etch the | ayer 1200
g gS%PrC% TRHS 1 PR dUGEM drrened i Hie Ruiiter REgouseaidrain regions
e
1116 \%gﬂg?&glefa{tﬁﬁﬁle CM@@%O%H%J%%@%@GSQQ% %{r@@e%éeergmvghe RBrce/drain ion
1mp1anm11@ke cdralvé doneaaf@e fommtiontofaildigiosalt iesulathanspacdro i ﬁﬁ'&% separate

b s SSSR Bt TS o1 SOV CP AL e ot LS
mask 13@0cah%etr3ﬁ8vé&f1f@ﬂy bBfok&r eﬂ%éﬁ%rsoﬁlfceﬁ%ﬁ ﬁﬁfﬂgﬁ@t(ﬂ)

regions 1116 using conventional CMOS doping and
aRakaingppiokiks éésthemlsﬁgwoéh@smcmre oﬁFIG 14 after formatlon of

L an _be |t|o
o RO BB AR AR ) PelPlicQLOTIAET 1 . S0 bl of e
transi @ @ithat jwill GEhens lockiend &k ehdBskaclslihdy Bhwda Bifieds fh@ndd€over them

renmoved, The hard mask 1112 can be renoved directly
in a cqpueRfigpabmaRderer t he sour ce/ drai n i npl ant st ep.

Rﬁt:&frﬂllnggr H‘%\’ggfl%e/%gi‘: ?3?)0 Ha glé%'r silﬁuﬁhgw 1%6%061?168 pver them.

structu ter formation of “a nu
The gatoni @& hss dl&00nd silicide laytalefﬁ%\/fehndi @leedit ITihe ILDLIE})erIléQE fs formed
502. The tructures of the transistors t

W |
over (RE1pistae Apd BEREFTSAA UFigE o tAP RECaE RSP ﬁwmg%ﬂaD layer 1502. The
ILD 1ael i 0208 1R B nAME M S} The 1D Qaf«‘épng@fl)%mﬁé viRi8 &bntact areas.

ccordi ngly, the source/dralns 300 have a first
The helesiinitie IL@y@tyeﬂw@Q faor fridad ovithr atsugable cbhduggiat endig0d, such as

se ond icide | 1506 forned over it. The
h”@m?139? © B mwg%?g?ﬁﬁggséver the structure and

PTRGES ﬁﬁ@kbeiscsmu@e@ﬁn B6ASAS $5050is Bbradath®8gh MR 1LbDayer 1502 in
Iayer 1502. The |LD layer 1502 has hol es ?orne

contact HAGHE (s silicido Ipesy dp04 Goer the spureddraingri380s Acpaie gentact 1510 is
forme@rtﬁr%ﬁgh the ILD layer 1502 in contact with the second silicide layer 1506 over the

gate 1108. It will be apparent from a reading of this description that FIG. 15 is for illustration
purposes only. The gate contact 1010 may not be in the same plane as the plane containing

the number of source and drain contacts 1508.
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The holes in the ILD layer 1502 are filled with a

sui tabl e conductive material, such as tungsten, to
formthe nunmber of contacts 1500. Thus, a numnber of
source/drain contacts 1508 is fornmed through the ILD

| ayer 1502 in contact with the first silicide |ayer

1 O Qver the urce/drains 1300. A gate ontac{ 1510

i Refqpngpey o Fgfgg > thfEeip fpshoxipet crpspsectioned giaet @ §frpigonductor

dewcé I?@O(ﬁﬁca%qgteﬁhledl&'e@% L3y ﬁ{an&égélré)fﬁeefcc&jaﬁnceg\%ttﬁ a8 enffodiment

wi || be apparent fron1a readi ng o his description
of ﬂletmaienFm@entm i Bhefsemi¢ankusor deviiaenl 609 unqmd;ESl seriigondidter substrate
not, be in Iane as. t he

t.a 10 th
1602, IR OB s o e T ool BE A GRanRrviY upe, for

exampie AtpAadedkeRBeonddctRef@E kAt I TROW iBodduGor %&stﬂaﬁel%@Q RIsb%an be a
shown a cross-sectional view of a seni conduct or

Silicogd-bsulpgpdSE) wbstrate.e Anwell 46@4 of agreond comdwgtivity tipe, such as an
e e L R Sy AN
an@bﬁ@ﬂﬂmg@ﬂ@@@@r substrate 1602, such as a lightly doped

sem conductor substrate of a first conductivity ty

f dhe sghiaoprecter prbgipiedl 69e mleo Rarua tsimber iod shaliesy trmeh isolations
r
(st DGR oS BLIRYE G2 b BRAD IF iy o, st
substraecbild. c ¥hdumhibet by ITipdH06 us: h)r(a&dﬁnby fertmipg tidthes, ssch as by
din certain portions of the ien1conductor

Cfor
etching, BiDF 467Bi9BRIETa,uRSTERS {02: ofe ey & Moy Sk & dnsulating
I
e BRI REE EREEY RGO UN By 0 0F SURPI00 MONIREE oy e v
procesgsednsing taocshsmi @il beechamed potishieg(CMPaptheess winieh stops on the surface
semn.co ctor ubst.r at 602. The nmber. of STl s
of the G URHGE S TR G b R LB g DR ol L1s 1600
are subStakt@ly S8 PlaB ANGHIE IR upb et fadd @fé@@&mcbrﬁtﬁmwr%ﬁgﬂﬁse B2, A first

t hen f|IIed with an insulating material after formng
insulaging jayer ok exidoistherhiermedbesr tof sw‘“@w i the Gemicomductennubsivae 1602.

Altenﬁﬁ%lggﬁl:%h Qe%ﬁﬁf%%erﬁgtggalg u%ﬂ a?sh%o um/%ﬂlr?lﬁlél%&aﬁc? @JéfAlg which

rocess i'ch S on

have 4 llngheremw@ﬂd U@ﬁs@fn’t guhghd)abapieddo slnc@m@bxmh endyfRalsed.
surfaces of the nunber of STls 1606 are substantially

cOpsanhdPORu t Frovied byplermingra pelasibeon Heesent euidldayar(to form a
metal ts%llgﬂtd'v@f ‘?helﬁg‘?' ms‘ﬁll%1 Slta ' nﬁ“ée?&ﬁcﬂ%shﬁ%ﬁ% (%%tcﬁl:l g%(g?#nédsover the

fornmed over the su ace e sem
polysiﬁnd:rslayatc& tﬂ@ﬁﬁtal laAkt. éFlnadecorel insulitirghlajerdiae beestistiof more than one

e EL S0t B L D LR AR e i
of a s@l%ﬂq{lﬁﬁ‘let(‘glﬁj 1d fy&xonAdle?ﬁbl‘éﬁsm}’/elbﬁ dé%@gted%rgﬁfeeselﬁgismsulatmg

Is provided b rmng a polysilicon’layer or a netal
layer, hbaigli@nect taod ﬂ?mcmmd teréarad a .ae ea)aSbv dhe tghte nidsk 3% processed to form the

sate 1P B shGhp DR beb it R Bion Mg ne FHEF faver,and

the ﬁ@ﬁﬁl@mdtmgﬁﬁayblat TRGuhedtRd p@&ibn%mle FrstQhsulBIn@ [h @ beAdSh the gate
r of material, such as by formng a silicon

ye
1608 fg)in@g( p @ate(daplegtyic |1 gy@rﬂpq)pqe@qh@@ poyfiontd theyesprrginsulating layer forms
a hard mask 1612 over the gate 1608. An insulating spacer 1614 is formed around the gate

dielectric 1610, the gate 1608, and the hard mask 1612. A number of source/drain regions
1616 1s thus formed between the insulating spacer 1614 and the number of STIs 1606 at the

surface of the semiconductor substrate 1602.
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of a silicon nitride (SiN) |ayer. A photoresist |ayer
is deposited on the second insulating |ayer,
patterned, and processed to forma gate mask. The gate
mask is processed to formthe gate 1608 by etching

t he second insulating | ayer, the polysilicon | ayer or

the netal |ayer, . and he first jnsulating |ayer. The .
hobERB %tloﬁ“%{‘i‘?ﬁ[]dréﬁﬂstlﬁéoﬁ rfg@fidnéxj |daflﬁ%1fg% P apbible dpearinto the
numbéN&198bErecMERS [QIdR a698t & JARbRGhEd Cwih1Gandh& semiconductor

unet ched portion of the second insulating |ayer forms
manugachiaing ieakkique 1 inchyvierg timplagting the 0®urckidrains tdgatnsngl 16 with an

aonroR A8 Sop R i BHAT Cu RN Wik %0 B ST Ko 1620
also 1Rhy SRULELATh@hBer’ 80isNSe/dhd @xtchsibh Usglonl N2 DEME @Bnventional

the insulating spacer 1614 and the nunber of STls 1606
procegging thehnigep plerthe formagion ehihe@attuld08r substrate 1602.

1 . [ .0 eldrains. 1620 is far b .

R PRERAARL QoL ERLR IREP sl BRI Y atr fonmation of

a layes 000E edidtiaing 4 agiivnsiutmitelénerdCanl daRCRa dnb oS haleRek, a SiGe
semi.conduct or _manufacturing techniques incl uding

layer,j 3nsiGefe i lAYFTt FRd combéRtigpaithreelyivdieh pentginCenasap strain-inducing

o SFSSE0G B OB, 11 SO o
strain{imiticingeclamentniiBre lajerstbiddomhthidng aestthdnsidoting eRinensis formed by
1622 usi conventi onal rQcessi ng techni ques after
deposiiigy o dP FORVSTing HEIGHE T T0s ] ORET Y 191914 R GWPUAIFaFeth of the
layer g:gntaihﬁl%r £isBaih SnERNW efeffnf bUCHERiner ok Goukb/aiik €Ecions 1616.

ormation of a layer 1700 containing a
Prefergblyaihs- lagetut7tghed erthickness betwess aboul éast apdeabofit #0@enm, and

I r, a g | ayer, .a S, GeC | ayer, and conbi nations

prefer?@é?’%%‘f?en%%ﬁ%ﬁoé’&%?%q @oegb(ﬁmg strai n-induci ng
ekem&nm% Fidie1 1 urQieih i9khSon fieeitficfird of BRE OMSafld Wiving Ge
The Si GeC | ayer also contains C as a strain-inducing

into thq wyrabar, of Mearqekdyein regions d6Ht ailhi dgrdamesle AP R isndosivag or etched
' by .. Y f e la over the
away § SEL, 1 LTRSS DX sQ0RESIALTNPhI, KRR P¥Ehs e 170
contaifngtaraid-aylacing elthannhmthad gater W08 -biyipedifge €@ silicide metal
.over the nunber of source/drain regions

1616.
over thy layer bip0ypontaping ayarinindusingadementiing hregde haeuelrpmples of the
silicid@ Y41 irRc1de, @ﬂfj%@gngyﬁm;tgﬁ) ,rémea%reb?le od Elﬁfkglr(%h ,%égﬁﬁlfn@ﬁ? titanium

about 50 nm an out 200 'nm erring n
(T1), cbBalt (Cror dysprassing oy tertrems{ibi,dtmgseenaW - taBialdnd (Rh), eloys thereof,

dri,vi.n i nto.the nynber soyrce/drain regions .
compoyigl HoRgE 1y ATHATOTEERRE. 1 BmOPn  BRICURRe dy gy angnto the
numb& QY@ Ee/HAG #3ls 1608by &e%nheﬂing%geg%%e JiR%84tiohGRGoes$

fornmed over the layer 1700 confaining a

sRefgimmg ndwcindle! dRethereamds tshewgathe 8@8irpyof FIG. 18 after the
si]icidde osimtci ng hsusiiltc"i‘ Iﬁ% Si Ioicci d .vrrettgl aver .t he Ila e o th
TIPSR A nithig" & <A P8 MOPRE TRy oY SRERT AR ﬁé}%gié“" ©
numbéb&Bsovr¥AdRIng S1620 4t forfiis! 4 GirgtesinEtiallayenClosdesvebhe dfber of
not limted to, at |east one of nickel (N), erbium

sourcefdrain regipps e hprand(ameyondenlitifie layeoh 902 @y spihe shighoPBy ) |
E ﬁé@g{ﬁ 1{0@1 )07 FicH Q@,S{hgﬂaug }Q’sho&ﬁ %@ém&%— 8} FI(‘?.I 1|90%%r formation of
a number of contacts 2000 in an interlevel dielectric (11.D) layer 2002.
The ILD layer 2002 is formed over the structure of FIG. 19 and processed using a
CMP process to planarize the ILD layer 2002. The ILD layer 2002 has holes formed through
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conmpounds thereof, and conbi nations thereof. The
strain-inducing elenment is driven into the nunber of
source/drain regions 1616 by the annealing step in the
silicidation process. Referring nowto FIG 19 therein
I's shown the structure of FIG 18 after the
silicidation ﬁhocess The silicidation process drive

the ILP dayes £P%F Aver ‘é%mgls ePBARECASTITBORISS TR Byer 2003 are filled
K I

it SONERELARAIE SR R ol FLURLICBIE
al'lascomenisdrloif smdee/liﬂ)aeconlm&mas farhed glabegh 5RALD layer 2002 in
Referrin to FI G therein js shown the

contach bt P LG, s, 190D evef ShevBmmBeT o Sodcciliniser B9 A sate

contacf QM@%tf%rrng@lréﬂéhQHe 'IE‘IBQEye?\Q%bQ G %rﬁ&& rvhﬂq {HelsPord @ Ride 1ayer

02. The ILD l'ayer 2002 1s forned over the structure
19020Nﬁ*ﬁb@meﬂ§0&nd processed using a CNP process to

arlze t D .J.ayger 2002. The | r 002 a
O R4S TEG A g, Reshorty o8 SHB 10 dretbath 2100 for
manuf¥eHifiU sGRibAddct@lif AscorddiRe RAlILS ERbddiehl &l dhawse&%%enuon
are filled with a suitable conductive material, such

The mgthod 2 §8 feghudes Preidime teheemiarridugior subtratet is. a tHegk 2162; forming a

ot ofl AUBRE]oF QURSTHHARBEIBE SRR BB 1 10 210

providingy & aykd QQmQﬂIﬁh g thetraiiib@iciil eReent ovel diensurkbetOof éource/dram
gate _contact 2010 is fornmed through the ILD |ayer

reglon%em blorkcatioadiivinie: the shainsiadempe slemest fem hpdpyerimgiaining the
I
strain- ?I\Sﬁﬁéslﬁégﬁn%ﬂ# %B%V{ﬁgﬁlgn{g@ golupc% cﬁgig E@B‘? ﬁ l%gick ﬁﬁ% gfl&]formmg
anmnhnmﬁmanuﬂmmng1mﬂﬁﬁmun£mwmnt@;mmnnammndeHOE with an
Jgg of .the prgg tnI}lelnv ntio The t hod 2100
Ut E?%\/ﬁha?wgreé Enthe dReiied 8nd rpsEEnPhtherprgsent invention
furnlshbI Qﬁértgﬂ-to%ndf AEJ1Gre? und@MiBbRN Lot IPRE Milities, and functional
ource/drain regions on the sen1conductor subsirate In
advantagebl foc kmzam@tbiumm osegigogdactbabeving anstedimidnghaanel.  The resulting

str cin over t he nunber of .. . .
proces 4t gD Frech SHE oR O pestR b Acqp g ighly versatile,
and effeefivd, sk REMENAGNR! t8IMBlogldsOMd B thay 8faddPRUAEN R Indifacturing

strai n-i nducing el ement into the number of
semicoggugters/ Bat s i emepatibleg withoestaventosal ameufagtuminggorogesses and
wdﬂmﬂ%EFer of source/drains in the source/drain regions in
ock 2110. Thus, it has been discovered that the
mﬁhn@meaﬂ@bnapp haabetd deberithd ipcogi@nttionnvieink ispecifid bEshnflde, it is

ortant and heretofore unavail abl e sol utions,
to be E479d; thbglangﬁgem@ﬁgqsp @mlﬁcaélgv%rﬂngg\@glafl@ms will be apparent to
f 0 ap
e RIS 408 ETRRCRAELD a0, SABLESUARY i et
embra@t albsughtdllematives, meckitanibos and wadetipisi thait el wittig Iﬂheysc0pe of the

til d ef t nt I
oo ELRA L e L5 b SR Y Ba i begng drawings et

be intefFReed fEAHTTLREativE @HA ﬁ@ﬁlﬁﬁﬁﬁﬁ’% Serkbat are fully
conpati ble with convention manuf act uri ng processes

and technol ogi es.
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wWth a specific best node, it is to be understood
that many alternatives, nodifications, and variations
will be apparent to those skilled in the art in |ight
of the foregoing description. Accordingly, it is
intended to enbrace all such alternatives,
nodi fications, and variations that fall within the
THE I%W@é%TIQfN FH@IME&Wded claims. All matters set forth
herein or shown in the_ acconpanying drawi ngs are to
be i ntmpitetdef Manudgctining it eondactahdeiegcamTisiigag
Egg inelBs e daWMENT LERLELAI MED 1S 1. A net hod of
nufaéturing a sem conduct or device conpri sing:
pfoaving angptaarsienmeond wf sarcgddast regioas irf the sérMigoad @adr&ubstrate;
and ..nunb?r of source/drajn regions in the
SHRY'EHHEd e t YT s P REe 2 S‘iSWBvF‘g‘}CHb% Femagpdr oxagndls dveper of
a straloirdRMe i8R ement over the nunber of
source/drain regions; driving the strain-inducing
edrementthd soamiihduding elemeon tfmimiting Ityee cettemiime ithed sitaingnducing
el ement into thﬁ nunber .of squrce/drain regions; and
f or mi ngTREHANBETe BT of sure FeHeB9PS e number of
SRHhHR/ afudber b udraids inth e RIMRE oPlovr@MMERAGELBHNT @
sem conductor device as clained in claim1l wherein:
PJ ovi dhngmai.88 rﬂfmga%hﬁ{ngsz}" BshibAtRicRE EE Ss Aathbd GPBlaim 1
substrate; and providi ng ayer containing a
whereigt r ai n-i nduci ng el enent provi des a |l ayer containing at

| east. one of. romani um carbon, mxtures thereof,

CORB s eHETBFOr SRS (e BB oD HEY el = The

&b hiatheOf 10BN NAGHME IaNGrath- AR BRMhOprodRME G9aR$ containing at

clainmed in"claim1,  wherein thée sem conductor

subst rlgast cpermdr gesmgniam, |cetbon, oneturss thersdd, icompounds thereof, and

subst rate. a %%H?i um substrate, a

seni conductor-oh=insul ator substrate, a

I 1icon-qger lum supstrate, and caonbinations thereof .

2 Tnel rdDRBR0 8F THRRGRRED e A NINER ORELE D fodeim 1
whereidStiel 8éiRendudtr! aibdirde VWHRHRLD R'RYIISNT o 4 AVR%on substrate, a

contai ning a strain-induci ng@fl enment provides a | ayer

germaigmt abptratg aasens eqrglivplor-nohisuigoreiubsteate, armalidonegeamanivoniubstrate,

. 0 _
and coﬁ‘{b%n%tigﬁset%&%&t han or equal to 2%/l arger than the
atom ¢ size of the elenents in the sem conduct or

substrate, 5. The nethod of manufacturing a : X :
s coeeBrd AL EBrETER & TRUCT SRR aneaiasdhin caim |
whereiRRWidinB G 18ydra¥BiaifiRdh Arh e Rif! d&hBiti ReHEEND1a5EECH R Mining a
{
provides a 1layer containing a
strain mducing element having an atomic size greater than or equal to 2% larger than the

atomic size of the elements in the semiconductor substrate.

5. The method of manufacturing a semiconductor device as claimed in claim 1
wherein providing a layer containing a strain-inducing element provides a layer containing a
strain inducing element having an atomic size greater than or equal to 4% larger than the

atomic size of the elements in the semiconductor substrate,
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strain inducing el enent having an atom c size greater

than or equal to 4%l arger than the atomc size of

the elenments in the sem conductor substrate. 17 6. The

nmet hod of manufacturing a sem conductor device as

claimed in claim1 wherein the |ayer containing a

strai n-inducing el ement has a thickness in the range
wgﬁ@dzlaim 1

of:  belheasthedafimgoizatine aseuicopdeterdevice aprdai
: . ¢ . . . .
whe:reg-{K gfgfnﬁ%@%\%\ﬁé@%ﬁ sgl%fﬂ-ﬁl‘&ﬂﬁk{g e&éqqgrﬁyhacs.ea 10%11&%5 gﬁgﬂﬁ% L}f'inge of

riving rai n-induci ng
betweén ghout Bé ninagebowt@ainni Ng a strai n-i nduci ng el enent

uses at | east one of oxidation, annealing,

s7li citid method HiftrhAri@cn@thg AB&hicendiRiRidaaick OB cldae®af claim 1,
8. The nethod of manufacturing a sem conductor device

wheregs clained in claim!l further conprising: forning a

PR BUFL NG VEERORL B TOSeR Sh 45Min

el ementlehestnasthet leay @he OOk Alatiom GindcBingasilcidMiiC nitgidation, and
el ement uses annealing. 9. The nethod of manufacturing

a sem &6MHEIELHN Ge¥PEe as clained in claim1l further
conprising: formng a silicide netal |ayer over the )

| &yer Tohigthadf mamdadinmg ademioagdeterngayice agrafaimed in claim 1

1.di: a nunber of contacts through the interlevel
ﬁu&eﬁ%ﬁﬁ%ﬂ%@?c | ayer provides a nunber of contacts to the

S fdrinér ghkecdpay @ oo¥ethe 1dyer gaitAiniapd stai-iRBHNES clefhent; and wherein:
source/drains. 10. The nethod of manufacturing a )
SERYIBE HHE cioin-Beyriee dsmentafinBy tha, leyei gontinip et sirain-inducing

providﬂ&gmﬂ&kg¥£%?gg§%aining a strain-inducing el enent

over the nu urce/drain regions provides a

| ayer nt al,ni-ng. a_stsai n-induci ng, el enent  hayi.ng, . .

dopant 1 PR BT s NSO GF oo & iftng in claim 1
furtheddompkidéngiet hod of manufacturing a sem conductor device

as clainmed in claiml1l further conprising: formng an

nfopame g sli¢ifemetah veneeer theJayeseneimng ¢ graminrgluginglement; and

o) ' eaan n - Of. .
o A SR U Al B S S S R oy provides o
f or ns mhebgatieconets thehansivelde laper t¥ee thergaer and the number of

source/drains.

10. The method of manufacturing a semiconductor device as claimed in claim 1

wherein:
providing a layer containing a strain-inducing element over the number of
source/drain regions provides a layer containing a strain-inducing element

having dopants therein to form the number of source/drains.

11. The method of manufacturing a semiconductor device as claimed in claim 1
further comprising:
forming an n-well in the substrate; and wherein:
forming a gate on the semiconductor substrate and the number of source/drain regions
in the semiconductor substrate forms the gate over the n-well and the number

of source/drain regions in the n-well.

12. A method of manufacturing a semiconductor device comprising:
providing a semiconductor substrate;
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of source/drain regions in the n-well. 12. A nethod of
manuf acturing a sem conductor device conpri sing:
provi di ng a sem conductor substrate; 18 form ng an

n-well in the substrate; formng a gate over the
n-wel |l and a nunber of source/drain regions adjacent
the gate in the n-well; formng an insulating spacer

adjradeEen @“&’eﬂﬁéﬂy‘ait“bs“%? oviding a layer containing a
S&"Jrﬂfug ) EQ&J eLagLehamans dozy Sﬁmfv%}%f @gﬁ@g/ﬁra%{ re 1ons acghacent the gate

sourc aln regions; dii i rain-i
elenenhlmeanwﬂhe Iayer contai ning a strain- |ndu0|ng
el.ement intq the nunber of saqurce/drain regions;

&%’%W“ﬁ@%&%s%?er%%/t@ﬁﬁ% sinto the nunber of
s %ﬁﬁﬂgr@uﬁ &€ QLR Rin egl?a sTJaa ﬁﬁﬁwﬁg Qfem@i?tmbfv@lmtﬂé'ﬁ‘lgnber of

a sem conduc or device as clained 1h claim1
V\,her ei sourgy/ daindiegigns sem conductor subst rate provi des

ilicon subst |d| a Ia er .contai ni ng. :
Sk e SRR Beerane SFEfaER 4 HpRgnducing
at | eél%ﬁleﬁﬂﬁtootﬁe ﬁﬁﬁﬂﬁfﬁﬂéﬂhrceﬂmﬂfb 16Hth ures thereof,
conmpounds thereof, and conbinati ons thereof. 14. The

itrhpde fiumpenef a@urgqr/dmgnsant@ém Benbret spurde/disieregions.
claimed in claim12, wherein said sem conductor
stubst r dhe rrmdmﬂrdfmuéactlhrhm sanmieoafuctr dievice anclaimed in claim 12
substrate, a germanium substrate, a
WhereE’em conductor-on-insul ator substrate, a

ShioviBil 8 SRR Q%ﬁ%ﬁt;ﬁﬂwd@snéj&ﬁéﬁmhﬁﬁ}dn@ Rd
thereof. 15. The nethod of manufacturing a

s proivisongl & dayor c@émnm agrah-aidwethgi chero¢rdipnovides a/\}aecre¢qmtaining at
t he st a|n|nd elenethas n a size

than' olSgia S EerBthnRit garbon Aan Aot SrEfogig il amd
t he suaﬁ{l}s]agtﬁnﬁlt@}ajﬂs 16. The net hod of

manuf acturing a sem conduct or device as clained in

clai m e muneh @ %a&aﬁﬁmﬁﬁﬁ%‘a&ehﬁ%ﬁh%r glarEpt clzﬁlﬁa%dq}? claim 12,
atom c size greater than or equal to 4%l arger than

wheretrh@aidt smmicorsiuz@r ofubsthase sawbmrrsast at deastramesof a7slh¢¢m substrate, a
f. manuf act l ctor ﬁew ce

germagﬁ%? ?}gﬁ? rate,  ppigryddic elp%lf %‘og orfad@'atﬁga gifigon- germamum substrate,

and cozhbigdtionk plugirng el errent fromthe |layer containing a
strai n-inducing

15.  The method of manufacturing a semiconductor device as claimed in claim 12
wherein the strain-inducing element has an atomic size greater than or equal to 2% larger

than the atomic size of the substrate elements.

16.  The method of manufacturing a semiconductor device as claimed in claim 12
wherein the strain-inducing element has an atomic size greater than or equal to 4% larger

than the atomic size of the substrate elements.

17. The method of manufacturing a semiconductor device as claimed in claim 12,

wherein:
driving the strain-inducing element from the layer containing a strain-inducing
element uses at least one of oxidation, annealing, silicidation, nitridation and a

combination thereof,
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el ement uses at |east one of oxidation, annealing,

silicidation, nitridation and a conbination thereof.

19 18. The nethod of manufacturing a sem conductor

device as clainmed in claim12 further conprising:

formng a cap | ayer over the layer containing a

strai n-inducj ng el enent; and wherein: driving the

stPai n-Tihﬁanéh?fg()%méwﬁ%tum) PSETRISOPGNFEPT %{rﬂ%sml%@e@ in claim 12
ﬁnﬂm§g&ﬁhgﬁh€gucing el enent uses annealing. 19. The

et of manuf acturing a sem conductor device as

c lfainmmegla icap kilyed cmeit the lﬁmtchﬂaindxtgmmes?rh nglucingrehanmt;aand wherein:

sil.icide netal er over t | ayer. cont ai ni

n
S e Prstos Rar G Siee Aleeghdrom o1 aveig cabiiier gfein-inducing

cont actfenidAl QUAntdGnint erl evel dielectric layer
provi des the nunber of contacts to the silicide layer

2g_§r t Rfe ﬁo &?mmanu act 5 s%lcoﬁm&edeqr é:!aefxgk(?ﬂ?clalm 12

The net ring a semcon uc
furtheasorapasimed |n claim12 mherein providing a | ayer

cant ai ni ny strain- |nduc el enment. over the _nunber
Omg’é%?&‘g‘/c&f’ 21 %b‘?“(?ﬁ%r F FH&“%“W&;?@F”%H@%HW& flgmsnt; and

Shiidin f&dﬁ{ﬁh&,ﬁi & &FRits thhdghNGe qﬁt@ae&é HHELBL TayeP provides the

e nunber of source/dralin regions.
number of contacts to the silicide layer over the gate and the number of

source/drain regions.

20.  The method of manufacturing a semiconductor device as claimed in claim 12

wherein:
! providing a layer containing a strain-inducing element over the number of
source/drain regions provides a layer containing a strain-inducing element

having dopants therein for the number of source/drain regions.
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