10

20

25

30

WD 2007/ 019002 PCT/ US2006/ 028197 METHODS FOR
FABRI CATI NG A STRESSED MOS DEVI CE TECHNI CAL FI ELD OF
THE | NVENTI ON 10001] The present invention generally

w&bateseet hods for fabricating stressed quﬁ%h(f;,%m)-,

and nore artic

fabricati Wng?]?Se%géﬁIds‘%eﬂg\z@ﬁg@éE éﬁﬁwﬁgﬁ%r eserving

die stress and the stress 5 induced enhancenent in

such devi ces. BEGKEROUNBLOOFHE INRPERAN ON (00021 The

majority of present day integrated circuits (1Cs) are
t0001]i nilhe et dcterttiyn eradlly relatpl wittally oy fabfeating preerd diPieketied and more
parttcu‘ah? beflre®b f:86das b ARShE: HcSsed 5168 AvicestHhn® @r Hratkdv@E BB land the stress

duc T\)Eg semsggpgugst or field effect transistors

'n“? FETLY™ §f%mply MOS transistors. An MOS

transi stor includes ate el ectrode as a control

el ectrode and 1@%&3@gNB§’§FﬁEWéOI‘énd drain

el ectrodes between which a current can flow. A control
{0002}y ol Thagaoréppf presdnitday tirttraratyd tegcuite I tarcoidelon@ivt oy using |y glurality of
mtemo&le&w Qe Gl @R stols hFElldg Ris@ ce@l&ﬁﬂ&ﬁ'oxiﬁ@%&iﬁﬁﬂu&th&ieﬁ%& @ansistors

(MOS]-aEr'}ﬂt of Eu%lgl? {\&E %’gr}:snr:;t Mbg Qa %tor 1des '1 @Qes \J:Ie%gl O%E ??s’ a cl)xﬁoi electmde and

ras r ansi
spaced dpagtseugs and Py ebcéqoﬁ:s btheaﬁwm Culfqﬂta)ﬁ[siilcgvt @rcontxagqggqgf ﬁpphed to the gate
electro@aiontid B the Dyt df B@redt HANSCONGIE baREEthE Gurpeand drsin Pécopiey t | onal
to the nmobility of the majority carrier in the

[0003]t r qum 18hsRlorsCiH BRARG! o bLRE: kst Re nﬁ;%ﬁd&)éél{w d&@@@ Bind gdtr%fﬁaf MOS

.trans1s&01h usu frné%q)s liranscc:nﬂd?ﬁct?ncc? {% r 1% Iﬁn%po H}ne}l % tfne molrhng/ of h%m%/or{t%/camer in

maj or y carrrer
the tragsistotpbinass The ﬁererrmqn@ms gapabiligsr of PrEYIOR FpngistpIsPRPTHER t\Amgobility of the

majon\ty RS InSile Qfian@a IMhd RobilitNEMheIAS Qe mbyritagapieyih B8 clRMEDIPS B&S0f €an be

mcrease t@%&iﬁ% arl%%é%&&qu%m;d %altspe%s & t@[% Qﬁ‘aﬁ}xel T-l;nlg %omg 'oi1 e'le%t?’on@ fthae: majority

carrier 1 n an anne

cartier t‘“raél ﬁISCPaé’febMoé H‘ﬁls‘ff%‘ iy F’@’ﬁ@@jobyﬁg}’lyé‘ﬁﬁlt?”’r“ﬁ GeoErerRivey f foghe channel. In
a silicdnr NOS vetise sehsesss tap bk hgplichaniwehanndl pf argME$ lrargigtor tVABpropriately

: embed&ﬁgaen&{:@ ﬁn@&cmﬁ 'ﬂﬁtlamzﬁ LR 8SHE: ARk shﬁorﬁsgﬂlreﬁt@g tﬂeoua;tshs@)r CHRNRGLEs are

nS st o rop
cosealy bGP PRI G- ST AT Bt ok et R Ppghoe sice
rdisibioe fapgeot urhel br bSHStDy raTpliGs iy CBERIe! BOMOS tansior
Uxﬁortﬁﬁdd@ agle byihd ﬁ&lﬂein@ &itlesreala as tbﬁﬁo‘l@ﬁﬂ the1BecRinke s@miily bh@e SiGe

layers. Sfﬂ etévagad Jelaﬁ!m ure.s i%[riugtl stres-sl.— %hel gE l!gﬁ r§le¥'éxcza %&e%? <§ s??&atltoﬂ %etn%%éntl The

nt o cent areas
decreass{flygesh HyED Cﬁléﬁsféwucrlwvbthf ﬁ’éssé‘ﬂéfﬁ‘i‘w’éPbﬂF)é‘@‘irﬂ?? B D dRppaigration of
device perfanghcst or . Unfortunately, one of the problens with
enbedded Si Ge technology is the nechanical stability

[0004}0f A‘%(!B%msikz Geis dl:sﬂ%@er 9 proexﬁe %EC@&@EO@ @abﬁcﬁf@@fr@ste&'m de&s that prevent
stress ralri)%liloagglfrgxermore ogzer dle Lraélc F atur:ﬁs and %}fa C?CE‘ISHCS o% the pre{sentdimé%ut}o? r\gi]rill beconte

enerat
appareit o, thq:alb%@snt detpilsd| G@SPI’FPG?P iod ﬂeeh@p@éqd @@Sm‘i fakba die gonjunction. with the
accompiBMglatabMgslaRD e sRing atdlich &ng md@ackesuad i or ati on of 25
devi ce performance. 100041 Accordingly, it is
desirabl e to prgyEdeniRieEs Ti®hERPIhcati ng stressed

MOS devi ces that prevent stress relaxation.

10005} EE gnna {) 2 Plrfq:tnca%rég a sgrf:Sfeg %/{d’sgiggcg r11 f e? %n\ljaésg icogauctovﬁ sfllfstrzge is pomvided The
methodeapaiis® e stpis GRFPRTE ageﬁbgl@qef@ rreryfas e eridordwise phyret o ol o fust

trench bdlies APREAGIECI CleabiBondicAkK @Bsuh®, EOMBURSRM 2N hiVbdodhd tls@h formed in

.ahgnm%&: %ﬁgtp agﬁ% E @x\é\éljl%g %d%ah(g g&R?%&ESQEI%N%W&%Q 51%}' rgtq;ench and in the

second (TRAGERGF PR () éﬂgquwnwwaﬁmfwe iRl o e e gyl o fom
MOS device in and on a senﬁconductor substrate is
provi ded. The
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nmet hod conprises the steps of formng a gate el ectrode
overlying the sem conductor substrate and etching a
first trench and a second trench in the senm conduct or

Wmm@p{g, the first trench and the second tfrcem‘sg,ongm
in alignment with the gate el ectrode

a S°“‘§<t ‘F%%%m R FTCHeRTY a’i’f’a*t g1 1ggion; ig the W@é frengle| Lo ogpsiRAe F"ff“sst ipgluced in the
substrfit, pdtvertof eprddmicaliycharid mateiingis 8 ostetontying the meks i@indng material after the step
of ionGALGL | Vity determning inpurity ions are inplanted

into the stress induci ng rrateri al to form -1 WO

20071019002 PCT/ P8 MEJ@HI& gion in the
first trench an draln reglon In the sgcond trench.
reserve the ress i nduced in the substrate, a
o 2 oy B PR Rl ii‘f“?”i? AT S O b o bl eraving e,
Wh@fet?\}@fr hapiersly dedats likt demsss, jiardvbeieln LG L€ sibarhatiaifly Epstrithén @bse peotion, a
stressd@fvOS0favideid 1dRlolisg its BfRlcAtion bR nEE i rols erhibdinl OG0,
[ 00061 The present invention will hereinafter he

descri bed in C%@rﬁﬂﬁﬁb@ﬁbﬂ‘#ﬁ&bﬁ%ﬂﬁwpﬁ*ﬁo@g drawi ng

figures, wherein I'ike nunerals denote [ el enent s,

[9907]a dl”h\é\'i}qllewin% detmicasdescrl{)tgn ?scrgegeqat LS rlgi!ullgll}? {srg)%)tﬁigt&rgledf t8rhm1t the

I ess
m"eﬂWOtl & ey pplication jagshuses ot fhe Emden d*‘erﬂwntom Gere is oo Siteetivh odbermmid Dy any

expres@dd dr N@plieM @R ipRKated QEH%%IECE@@DE&Q@I i %]&Eunm'gwf summaty or the

fouowlngl}{m(l(%}!ngtg 07] The follow ng detailed description is
nere y exenplary in nature and is not intended to

nven he a Ilcatlon and uses
ouot P, AT < B MOP RS 20 PHF o] Sonly FE R Pemates do
in accdydangsoith darleys canbgdimepix pﬂri@seetdmm r Injtiigplhiseaive dndoiinenptressd M@ESdlevice
30is 1ihl§trette|ﬂ%y P Ei@@ﬁd&hﬁ}@elmhﬁﬁsﬁﬁl Ad igbghied RRGK AR Rk stREsbEf10S devices

such ar__ @95& caé lncf Fe a a1§e {mm%er 0 rclgggéngis orﬁ/ﬁg %Zf\cjarlslg Pz}cllg% uéﬂ.\%ssed lglhannei

MOS FpyfRsrd ey a%‘ddWS‘IFSé%‘N ‘é‘ﬁt"?lﬁ@“‘s’g‘%ﬁ vl MOS device in
accordance.with vari ous enbodi ments of the invention.

[0009]] n Mahpus sters nilet maatficre (EMDS dinsisnt ars tvelBas@thnddoSn dhe VnkeGest of brevity,

mary (;L)gve&%ndl §tcds |w1111«'c§1tyr b@tfn@rﬁilorgy bxﬁ:ﬂ? Al & W &Qﬁﬂt@@ému%nhout prov1dmg the
0 r rom stressed

well IC(}:\?E% P d)ceﬁs (gséigs %%%uglégg 8 OSCr%r gec I;R%ﬁ)p?llﬁ eusdtg gelecgfuaélg a metal gate
electropq path asy oxige eada jeshlatory i @fﬂstvxﬂrbs usehinduatery toadfe ¢ dmeshigohductor device that
includdd A Sbie SO M. ReGld @ W Rther Iﬁ%mﬂfﬂﬁ%h&&ﬂé @R 1St i€ ﬁﬁﬁﬁl@d &k gate

1nsulalbi'r8\§ﬁe¥h§rsb§ﬁgo1 'c}'t'h& %ﬁ WhtiGEl 111, sf?mnec? ovvﬁ\ﬁéel:r?lco 1c91ct01 %bstlate

var i ous steps in e manu act ransistors
0010 V\ﬁ é in the interest of brevity
{ lman%?'l A T Bhat ﬂlgfreﬁgacwe F GHPPIBECHARET Ghage Bt it a
embodjpspief the Gventyin| beaifyevitb privtidiaech semitdndeioysubiirith & tThpseaisbrdiang substrate

is prefetrei&ﬁj a n@oc%bllmekﬂ%bﬂfa@%&&n ﬁi@kﬁﬁ ‘IsﬁeonAngtH@UQ hse& iﬂeﬁeu@ & 51MInpass
evi.ce

the rclah"}f@laure sﬂ{con mTtap ? y818a11¥ useg in t[va senuco %ucgor gusfqh S%Fléfn%lrmor tuﬁ:écfate 36

will he{egrbﬁqul‘ﬁrrpq o eppe @jSxsgtﬁqiqg@gth@tmut {u@:tap@rf eétprnqt@d}aa‘qy sificon substrate or as a
semicos@IDICORAUEt Bilicod @bkiGR I @l be b ek YTES wafE &rﬂjﬂﬂﬁtidty‘ézeofgﬁhhﬁx on an

msulallﬁ[%] f?i%err fcgﬂﬁorﬁmg&r gsesgxcgleokaxlsulggr OQEBS Eha %QQH Cfst Ju%/p te%%g sﬂu%n carrier

t
wafer, B& s &}ge gpstr%?ql,] g{th%}ﬂﬁglmtxgxt &%bu&hllh(é)ﬁ ,waiiern P’(B{?fah[,y thp glicon wafer has (100) or
(110) opoysatipn apeh @deagivie pordon@ it egardUekiorMEGUBSsita Aties bd BBk iPBped with

N-type |1r11ﬂul=!§td5[ﬁﬁt§@or 'e:ﬁmf):l.l: €} N:lvell the W@Pcfa%t&%e@ 0 a r(%hgt@é)ﬁtﬁlgtwny, for

accof dance 0 nt of
examp}%/tr:?? iR ‘m%Ia ?ﬁ“‘c’)nn %‘gﬁ}” e &n@ﬁ““ﬁ ﬁﬁp @?@E‘S“ﬁwg’é PREA LT Giconductor
substrag lﬁ%@‘tciﬂa&“é isglgte imfividuademices ondudrtdly kb gtitrienci@n beigg implemented. As is

well knp€ fhexe a knynydrodRROGH Y bahskd B @i ik BOI0N 18 Y& Esmadi 8ot 0D @B hore
the term"silicon subst ratug_" is used herein to

enconpass
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the relatively pure silicon materials typically used,
in the sem conductor industry. Sem conductor substrate
36 m@ll herein_be referred to, for ease of discussion
wanipomsbdaeut limtation, alternatively as a $thiggBsn2s197
in detsild Q§Le§1§£1 %Tpﬁch%z?s a%%al!&z@ ngllotﬁg l‘écfcped m%ou S%m[faacg 0 the%en%ﬂi,?n&ctor substrate

subsfrate
and tl]a%& %llbsc%lf:ntlg If’ ]Ecid (sfv&}% andﬁwlétﬁlg g@te?}lrsﬁ;fteéthp Hr@ml} :a,g}]éaﬁl W(t]e: @Wﬁpgg material,
the sufrre Wwuagllyplabarigdor erupnbudhatiol mehanSOiplnadiadn (Clap). t urn, is
supported by a silicon carrier wafer, but is here
[0011j | | i Sibdr ateerdinsudot BQikbrmled 61 tﬁ@hﬂf&%fs@&n alb&% Ks. Stind dafe @ulator may be

a meﬁﬁ@{{%,govm E[tc%ﬁ ﬁ“())ﬁg mect,dn)g hg'atm%l r%e sﬂfcm% ﬁlgstratc 10 an gxus) zc#g afn}jgl!ént or may be a

orrentation
dep‘“\‘)x‘i&f“@\“a“i’fﬁ“b\fﬁ NS 8iog 8t Aishiletie q@%ﬁmfu selpterduch gs HISIO, or
the lilgo Begbsig! frkulatd- daty peedepdisad rbly tefend@paidr Stedofih (EXBNP @ress@l chemical
vapor Néiyéﬁhcln) (LP(.M N Y@La enfrfEkd Qﬁexﬂ&p @QOJ (ﬁzpés!&? a@%@{/ﬁ)p r 'i‘h%togte insulator

I on

e STV ef%'%ﬁ’etﬂ%@i“&“alanﬁmﬁsﬂ* Jocteite TPttt g vention o
layer ?fdloh‘ﬁﬁtaihne tillven &aipeotitetuetcothe BEer 9fifyet inmbver. t The layer of polyerystalline

silicor€iks @ﬁ:fefabl@ aépbsytedl & QhRpa ;io@ﬁifs\éllﬂérl Qimox‘iI &Ml i€ %segntfy qgﬁﬁhfngpéayay ion

Implar&aj?ign CA }Iz;ﬁﬁéél of Eta%nn%glcl rgaterlel'ﬂ ucg gs s:lggrg oxtge {hcon mﬁn Ei gr %Iggbox%tude can be

deposieg opfp {4 éﬂf%*’ﬂ of t‘@@owﬁ@ ab‘ﬁ‘b%’é@% ﬁmlymallb@ mefesist pajp fye deposited to a
thicknfye pebout 200\MD @G@VWQ 19 00 2ydP63Eh HBREHG Gi28l O indtd hedk@halerial can be

depouleﬁ‘tog%ﬁ@ﬁe%lofab§-%0 Mﬁ&o%?%%C%Shw llow trench that is
etched into the surface of t he sem conductor substrate

w1 SOSSERER SR S 00 R,
pattereds oy fpra 4 Preparrelt MPS ffosistortsnie elpeiyofiq@oeasiipstepted gl FIE 2. Gate electrode 66
overliep K@ parionze Gbmlcf)ﬂlﬁctcﬁ)élﬂﬁﬂleaﬁbl)ét @m&mn%&mmg? Biandneall MOS transistor 30.

The pog]cgﬂéiqnle gx?c%nllé %)em tgf% c?:g%%én AP L)? X)nga ?%e tm% etlchrngg in ag(té or HB1/O,
chemmrﬁ énddlffthér Imﬁ%(mixhlleaicheﬁ,afg; eézénpiqsbwlstsﬁ%?t?%gptya ‘éI’FF@VW'* &7 $5s clppisiry.
Followig ¢k irdemgeintedatbslecha@tin mgorfdie vgih biceopodanth ST tham@:niida, 2thin layer

70 of QK&OQ'O&HJ@ tl@ﬂiﬁllyeéﬁawn 91{‘ thm%}fpogﬁg ﬁdewggp)@%f gﬁg ciEcﬂ@&él @tbgrheatmg the
[Tcon nit

raseof i At S GHEPRAR PhebiRr b P St Bl ey oo ¢gm. Gt
electrofiq G¢ and i%ﬁ@)@ﬁ“?@ﬁedl apgudrdpipg mesk e fren soleposi dagckxdgysions (not illustrated)
of the DB Mir€iadr. W&Q)@:{‘;lbld 8RO Sk dedeéth()&f@1mmk M BSSLH 845 %%1%@11’6 well
lmown%&pé’noggr&gﬁltot tlu? ﬂve% ég@ég}ﬂce %d 1%1: 1% eﬁdmcd paéﬂag g? che m cal

vapor deposit I nsu mat er i al
nanomnet er s Dn) thi ckness. In

'S t | cal |
100131, e ‘t“ﬁ"’%ﬁ‘ém‘é‘ﬁﬁfdl&ﬁ FHGHE GF THRE= iy opages 20 e
formed|og yhe ppperfing piddvyids 79 s cate kleqtredesit] Tieeidev6R sjagrsdeio Sirh@df GiRbOnitride,
silicon b, J)rahéeike @fdeﬁﬁt{@ al 1@@:&41‘ %Qﬁacer ThGidk 8M%ehe && clectrodes and subsequently

A
. cuusotr(g) C(aj% e[c]Y gp 16 1%}/ pke bH reactw 1015%‘%.mgn%? P‘%ﬂ sgﬁg%iq%?gﬁ{cftgydc 66, and
- the harg W‘fﬂﬁ Pl} Iiuytolﬁqf ﬁ@ @attbtg}ecirqslﬁ are 'Ll% psappctalt il to elh Iranghey 826u4d Ffin the silicon

substrafa ar {ﬂa_ddﬁa@krt SeHtaBdninalt wahi BRhaase] Sdtd HEOMe 0K | TR, trofhds li8dBet the ends of
channelnést r’l!‘hg GrenciRt caﬁlfbla e&l%ﬁ 1‘3{(&@1[:1 é Ibg%}ag £ ctc*l?un% usu%pocclﬂq 1/82n ct:hgmisuy.

e surface I ne Si

P refcm'ﬁ%?aylb‘if% fregphes lﬂsea ‘Wﬁ]f %‘r’?“é‘ é)r’?- "= deposited to a

t hi ckness of about 100 urn by LPCVD by the hydrogen
[0014] 1 e dtidesiresed iDFIGSH, [bamercheThe filked vith sriask ofivatseinduaibg Bamialde. ThSiress
inducingl BRQGHL a8t ahPm@RodrRaGNESFialUlat AP0 Qn @ﬂmﬁuhﬁh §u@sh§t¥ w1th a different

lattice (!'05 g}{tqpan[ﬁ%qg‘lfc]é crlﬁlgtglg o??i c%nl Q‘X%éfchAﬁceaQqatt%g cc%sta op ge two jl?xrtaposed

mat@ﬂﬂﬁ I&B’F%‘Fﬁ 1 %@ Fté’ﬁhi‘t?f%fel t;‘/‘t“’e?ﬁ‘é{“’t tep Feldrialsghat i radisibyed dhilin bsq material.

MOS transi stor gate el ectrpnde 66 as illustrated in

FIG 2. Gate electrode 66 overlies the portion of

sem conduct or substrate 36 that will form channel 68

of P-channel MOS transistor 30. The polycrystalline
silicon can be etched in the desired pattern by, for
exanpl e, plasma etching in a d or 11Br/02 20

chem stry and the hard mask can be etched, for

exanpl e, by plasma etching in a CHF3, CF4, or SF6
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Fol l owi ng the patterning of the gate electrode, in
accordance with one enbodi nent of the invention, a
thin layer 70 of silicon oxide is thernmally grown on

wdgooppasi ng S|demalls 72 of gate e|eCtr0deP§§ﬂ@Mwmmwvn

Prefemngﬁlé 08 tir{}ucmgﬁ’n%’.?%a? & asi;]as e sﬂ ?rgho%ltci (Ef?ogn fiﬁg lc@%ﬁ@ étgt ﬂ(’f‘fﬁ]ﬁ%ﬁl glressed,
but remains ?btant@g}f gefecidiep parfesd erésta@GDcﬁcw@ CADEYSE A Jegreqacaqy rdhief of the diress. The
stress dglugny haBMiali dap ba efmﬁlk thdodr @IS GHit6:C Qrrhidn d5iad) Mhaving about 10-25

atouuoe L&RS) e%ﬁmx‘x rbptnoﬁ é‘l’ﬁﬂng @%goq)cmggn fafbg hG{‘ 4 a 0 1t reIacPr? 0? Isu%stimnonal

pp e need for an
sabo ?fﬁr éege‘%o‘esa 5 APOPegIYHS PAfY Sl B, P e et indecing
matcmg]eqr yirallt movwiHive sdlqatpve piowd prosdst Megnddor ﬁ;ﬁt@(hl po¥th bfhese materials on a

silicorehopd idk @@éﬂtxd@@ﬁa@ﬂeﬂare {v@%ﬂﬂ ahd ne@@ﬁ@%g@e@&ltﬁcd\@%&ln Qﬂﬁ‘el:clabe of §1Ge for
fate LN

examp?an‘gg g’ bFFas a Iagwe cons%glﬁleater%an ]81c 1att:c%co%sﬁnttoa:élw&rb él} 5§ ates a compressive

longitudinglestiess it gauylztox@pangﬁé@e Thyi eppiespgdogbudingyieessspoghessathd mobility of holes in
channg PR hegcelmproRethd RreRchcO8f a Blchdh@OMONidnkididde, silicon
oxide, or the like by depositing a | ayer of the spacer

{0015]mit I%ﬂditv@lllg 2 Elowth he 48 @&e@s Bl ﬁé [thgi%g Illatgb%hé%sagtg e rl]’tt!,’p\é cgrgiucumty
anli sotro

determmén é s %ree Brlxp%ﬁ e(l e1 tcc>: ﬁle ﬁr 85 m%‘lcalémtle]inx ?p‘ﬁ{?@%&’y %?vggﬁa(f g;m){ a source region
92 ance e e BRI GET <lemed MQShteﬂnwagr &0 arillkatohintthe 5t Epbeone blaarically active,
the infait@l ielsafist BORnAES utSQch BSeafR WlaBNcHRS Kutta&n%h&mw lmplantatton is

compiété‘de @Fe%?eﬁ te?%er?nﬂ l%aredern caﬁlstg?nti‘%lmlc I tgasosgs uix ﬂc"le ? ?e o1 0%131‘ 8%ers récglcn%%mateual

art nmen
o ol ¢ g e Oﬂf‘fé‘?%t@&st It i estrele? O SRR eGBIOTREstcps at the

surfacg of p8¥¥es can be etched, for exanple, by plasnma etching
rising a C or 11Br/02 chemstry. Preferably each of

{0016]t hén icbRMedesn E}aﬁlb&luﬁ’cﬁmf bhe Qlﬁrexl%oédtzllugfagffm@mz 6 Me redaRation of stress in

channf% QE?% é%vé%d h} delﬁli%mg at E% ]{ bg tmrthehs%h mdcldamca? ﬁtéenglg%:néoetf%imfﬁb of the stress
111c[ucmgh1gat<§;filr etle Ia}iehafdéghnrgccm{c@ rSiregith cedadspiep dmatlon and prevents dislocation
nucleatind ABIGIYSLa8dnl at MesuffRt e thedrest Ratcing afterRE 108 BWNOIARN tn&ﬁamcai strength

is applﬂi l)éf&@tﬂc aﬁlﬂgﬁ&g o?'ﬁu,exomnl:pﬂntglog !mf at1§ I&Fe?%x%ih Jer%zt.fa{] e atc?so I;hs‘ter agphcauon of

qm9%ﬂm? he | attice constant ' '
lay ST P47 BORSE Ar I UPFEL YB U RIS i oy f o be
materia) Sptepnlicaispogited bragglgivelf lotvhenpemtie pfdaipehds @ e nmbdiRs fBer than and

preferaﬂi'ﬁﬁrﬁ&l @dalr ke Y&ud SRbasSls dr méts@é;s 1'11([11015@1%&@&13 tFox”eﬁEn%ﬁé ﬁ)li use with

007/ 0
UNTVER N B e

ca*bléet Eoes @Mﬁuawa@m @arrt H9P 3¢ 7OHHE) ph daginiicombing Yobg essslls up to
800 GHalidre fuBdbRin&rias HURSE BN Ak aded Yerdde 1@ GEmp&Ra PEIS 8% Eempcxatme less than

- about 686°¢ Satq@llugh t%eﬁﬁ!e?negng Qny(f%%g’rgtmg g:ga %(%rthgﬁa a ?ut 9(50"6 %layer §6 cran be J'] eposited

tr eSS ess I n
by CVE, LS o R yétl‘ﬁ’F‘l F ST Mot Be e (eern@e)by PECVD at a
tempermquafmg)ua@@mby 16-pRSGna calta@id @acPen o @iltlorGBANERIA luklddr@ Similarly, silicon

carbidel¥RIQ @Ep)ﬁs?rttaﬂﬂu‘slﬁhqheg\)aﬂjo!r HAR Smr!i;l@illlaﬁap&it ?5*5 ba fé‘:‘f v a& &Mﬁ%ke carbon

e B o AR B L cSEatBhe St Sheb by SR
with anpalterfigte @t}yp(qunhgf thyt qn@gtgn (natilfestrates), tovBubtaudvisle a lager of pad oxide having a

thickne€PE, Foa&daﬂblla - 56k Bc\%hﬂhyyeﬁﬁ%ﬁﬂuﬁﬁﬁdc%ﬁic@ §t1QPMhh TR l%xetff Pad oxide serves to
prevent%%trggtgbﬁ bet \96&{1 %P re_:]xamnp s:g \rll\ﬁrﬂe and the undg nat ec{t;;ld;%%\ﬂ}glgl

I con TVe REnner
ed not be descrlbed hereln In the case of Si Ge, for

10017 &, SSREMOR Friosen Yegamelein Hhy v o et oo Aot frapping =

layer oftdfplectli@initérpboverdaystoaretchiof opsiihg troug)h thadidiedrhtinietd] @@tes: 98 to EXpose
portionsC R Q8L V&l drhif %lohsu gﬂdn@!fmu%t h8SSatlol ool %&ssthrgﬁgh qg:agbgﬁlxgs to
68. The conpressive |ongitudinal stress increases th
nmobility of holes in 10 channel 68 and hence |nproves
t he performance of a P-channel MOS transistor. (00151
Followi ng the growth of the stress inducing materia
in trenches 82 and 84, P-type conductivity
determining ions are inplanted into the stress
i nducing material as indicated by arrows 86 to forma

source region
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92 and a drain region 94 of P-channel MOS transistor
30 as illustrated in FIG 5. To becone electrically
active, the inplanted ions nust be anneal ed, and such

\@@ﬁ%@hwm& USU&"V carried out soon after th@crmswmwnsw7

s IR e e s FAEP O e D S Rt gy oo

of intefepraeck m’Ftﬁbﬁa@qnn@d it lkp may alsot by apiledh rndchgtterted tot dghiever the proper cirouit

functije oieticatideaRd akuitiest RERHIGAS t hat are nucl eated on the
surface and the creation of steps at the surface of

[00121] he W@lle(:@ leasg-ng 3?@1]11} Lr? cI%Glngrg £ %&n Wes!emem (1€ M%th@&ied Q(Iscmpuon it

st.rat ed

s 87 R o1 Pl of B Gl "8 e by BBt seovlay
embf)d@p*é 84 spquiplyyambagyreents §Gonyy cxdmokes, givl appsohiatpridetb lisit thengpt fipplicability,

or cofliglu@tioh bR@heSvEfiACe arffwal. NRMET tﬁﬁ‘éx@gomé Qct&ﬂ@(d&é%ﬂgm mtp%ﬁq'd@timse skilled
in the alfl%dl Qyo%[/enfe)ltt 143(11 glgbv e n%@@rp Insl]g tilese%ermgpg/tumb Imeat 010 emm%%g embodinents.

formati on and oca nucl ea

It shogf Sp B8 r‘Pﬂ%ﬂm iqup, ghangey iy pegnagt intllis dimgtion @udsarpngerupag 9f glements without

departimgtiemita bcope bide inepygrn agbt rihghhampe:han blgiak ans the epgtdhivaldns thereof.
appl i ed before the annealing of the ion inplantation
or any other high tenperature steps. After application
of layer 96 the device can be subjected to high
tenperatures and the stress will be preserved. Layer
96 can be any material that can be deposited at a
relatively |ow tenperature and that has a Young's
nodul us greater than and 25 preferably nuch greater
than the Young's nodul us of the stress inducing
material. For exanple, for use with SiGe which has a
Young' s nodul us of about 150 GPa, silicon nitride
(Young' s nodul us about 350 GPa), silicon carbide
(Young' s nodul us between about 400 and 750 GPa) and
di anond-1i ke carbon (Young's nodulus up to 800 GPa)
are suitable materials for |ayer 96. As used herein,
| ow tenperature neans any tenperature | ess than about
600C, and high tenperature neans any tenperature
greater than about 900C. Layer 96 can be deposited 30
by CVD, LPCVD, or PECVD. A layer of silicon nitride
can be deposited, for exanple by PECVD at a
tenperature of about 450C by the plasma enhanced
reaction of dichlorosilane and amonia. Simlarly,
silicon carbide can be deposited by using the vapor
phase Si 4 and net hane at 550C and PECVD di anond-|i ke
carbon can be deposited using a gas m xture of At,
H2, Sil-14 and C2H2 at 200C. It may be advant ageous,
in accordance wth an alternate enbodi nent of the
invention (not illustrated), to first. provide a | ayer
of pad oxi de having a 35 thickness of, for exanple,
2-Si nn beneath |ayer 96 of high nechanical strength,
The | ayer of pad oxide serves to prevent any reaction
bet ween, for exanple, the silicon nitride and the
underlying sem conductor material. [0017] Stressed MOS
devi ce 30 can be conpleted by well known steps (not
illustrated) such as depositing a |ayer of dielectric
material over |ayer 96, etching opening through the
dielectric material and | ayer 96 to expose portions
of the source and drain regions, and form ng
netal lization that extends through the openings to -4
WO 2007/ 019002 PCT/ US2006/ 028197 electrically contact
the source and drain regiogs. Further |ayers of
interlayer dielectric material, additional |ayers of
i nterconnect netallization, and the |like may al so be
applied and patterned to achiever the proper circuit
function of the integrated circuit being inplenented.
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‘description will provide those skilled in the art ol
Wit h aAceBmen i e fabieathg Bdrcb el M@S‘&Vﬁ@i@%@ﬁsﬁngﬂaesmps af S

[0018] While at |east one exenplary enbodi nent has - .. .
been presented in the foregoing detail ed description,:
it 5 should be appreciated that a vast nunber of
variations exist. It should also be appreciated that -

the exenplary enbodi nent or exenplary enbodi nents are

only exanples, and are not intended to limt the

sScQp, pplicability, or configuration of the S
imgn in any way. Rather, the foregoing detail ed_

exenpl ary_ enbodi ment or exenpl ary enbodi
shoul dpi¥iding 8 manestystaliine seaitanductohsutgeste ¢361; be -nade ©
in the function and arrangerient of elenents w thout 10

Id(rellof1 Lébﬁgﬁg 3%& WY ns&’g‘hgﬁﬂ"%‘wj@ 2.0 1? erts.‘sﬁ ri 'htﬁﬁ]:" Sow TR

t here owecnvsljﬂﬁl);hg/ﬂle ttench [B2} skl aﬁmnoﬁlqrbtﬁaﬂi?ﬂts’emeﬂéuctm

G, o R e b et BB b fovos rm@%’siwﬁ%pedmr

sem conductor su&tratel36], s se
tiredying qed [82] with a nonocrystalline sem conductor_ _
material [90]" that is lattice mismatched with the - °

Lﬂlalsﬁfclﬁrstum@ s modidiisiy conteabt withaposiohbargstallihe héﬁlﬁéﬂdu@mr

TR B Tooh S el Esienal aﬁn%m#gwf ms

roBdition Shdedi byathe afomobiysalliéSeiidondBRbShhRhal F@Qj
wherein the filmof materi al {96] i s desi gne

ﬁ?%’@ﬁﬁé’l%ﬁn&%ﬂ ‘-‘%ﬁ&b'ﬂ%

nonocrg;/tﬁ% iﬁﬁeﬁsem co ctor s F%%%)@fp’%’?‘%

semiregductor mpiroiebisdieaigd to & &mpmtan: greziteﬂﬁm Shduit 600,

filmof material [96] occurring before the

[ ¥6}trate mmﬁrﬁoﬂd@%@dﬁmﬁe‘mmbmc P ol VeF?GX?&‘ﬁ.’fx#h'ﬁst Y‘mmg’s:

g BB DA M ’ffé.i:f?i

Sé&dm swuentpmcessmgyﬂscstep R

RDNOC canduct or teILaI i's heated. ... L
P o TR Bb ROl T AR I it e Poviaist sxsdnerimaition” 7
webswatt [36] comprizds thibsiep bﬂproﬁﬁlﬁz@ﬁﬁﬁnﬁéry&h%b‘ﬁiﬂb@n' strateand © o o

ﬁo%%%ﬁ%%lngeﬁlg@gsstratech lg;‘pcorrp i ses the Stgg'g'ﬂh@gﬂm

$ehaCivitd @l ilond aeﬁsea :g%ﬁoﬁgs@g SR
selectively fi thc trench w th a nonocrys ne---fﬂf"

WWMMI%@@ cranperystallincilicnmooptaining af lebst 286 eitbon
20 nonocrystalline Si Ge and m)nocryst ailinesili con ..
contai ning at |east 2% ear} en. 6 Tl



