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WD 2008/ 063543 PCT/ US2007/ 024034 STRESS ENHANCED MOS

TRANSI STOR AND METHODS FOR | TS FABRI CATI ON TECHNI CAL
WOR0ES/i»350001] The present invention general |y PCEIGSR@ES/024034

to MOS transistors and to nethods for their

f aTRESY ENHANCEROSYDRANJISFQR SNID METHODE FAR €65 RABRITATHON

enhanced MOS transistors and to nethods for

fabricating such 5 trgagihgtQrsgmhth enbedded materi al

adj acent the transistor channel. BACKGROUND [0002]

jorit pr esent da}/ integrated circuits (ICs
[0001-; Tegﬁlé%‘te%t@n Egpera@i 'ﬁ@te%l od\flfeﬁ mnislf;t?,rs @pd to methods for their fabrication,
and mmhe:ramo.rhzmlaotlaek foi sebsel eatfaficed MOY &ﬂﬁl}k:t&’é ;agcs EO]S f&ﬂ'@i} Jforatht§Rating such
| r fie ef fect

transgtr%ar‘@lggrg%?(gh m?eﬁ(}]ﬂg%f—f% %ﬁ’e [%qggom ai"nel MOS transi stors. An

MOS transi stor includes a at e eI ectrode as a control

el ectrode 10 and spaced® ROWMUr ce and drain

el ectrodes between which a current can flow. A control

[000210] tTag enapp lok ﬁl@seﬁtCHay tidi@ragatcfeudl ﬁQI) raﬂﬂiﬁpféﬁi&ﬁ&i@yﬁzsﬁ?@ plurality of

mtercomg:vy O;P éﬂil(ﬁ é%Fé: %a swtog é%br@%ﬁg c{] “f‘"ﬁ% Oélg Flg%rfdixgcﬁd?ldle&ct transistors
(MO sk ‘bremmm‘?%@?i trapfistate VAICES irasistopiodl @t exckaienlebtdgde @ra@ontrol electrode

and sEaQEHd RUALkd ank BGH CRSI Y petwd uﬁlhﬁ"a %}[n g %%Xﬁt%?vc'olt!:g@, applied to

i ncreases, the size of | ndivi evi ce
the gﬁ%%!%%f@é@m'w%ﬂ%of§vrzeét thrpugl 4 cpagne] %etweaste%ﬂowye fﬁ’éf"@t‘} efggfrodes.
the mnimum feature size, that is the mninumline
(00033 dtTihe amptekier ofi@iandihe smaeridﬁgevtcb@hcohﬁra% uﬂbl; awedimbiynyt iRQeasing.
As thé th%gll deg/%\s.g iy IElilllxc feRces, sxtzg]c% |§ilevrgu %Qvgclélsg ecreases %ewce s%e inyan IC is
noves a mninumfeature size o hm
“Sua‘b(ri’afe%%ﬁe PipENYreieature pies, Halri§ Be miniewn e Widiel pr\ﬁhedruaimum spacing that is

a!low&ew tﬁ@&rcd&@ﬁ@ﬁ@&s a%s thd\@mlcefudidr uiﬂfus@(\;ﬁblvésﬂga minfur@Wure size of 45
nanor? (nm§ an%%%enorn gt ed eCIfr%LEV(} irﬁ% Lhe L. ansi Stlor 3 i
& iédd t" ]]‘?'%F YBHE® P YRR PP B deegades 28 i &gyl & scaling.

As ngy eendetmngofedtegrit@cdmods oyl &t sanvisdts thaehiy ulr@ay ithpfen@r those integrated
circulﬂsog}eQ@éﬁﬁ@cﬂttéc%@gns@lnﬁﬂpﬂ _FshJaQbe?rp§$n-c(3%ﬁt% al ele & 10 boost device
er f or mance. he péerfornmance o
perfopmances; st or, as rreasur ed by its current carryl ng
capabi | i ty, is proportional to the nobility of the
[0004fra G'hé pyrfocamndel &rani MOS handistoaNsi @da@fedChiaimn Qlrrentl darrlife kapadivity, is
propo?{n)ﬂal [@9,%)6[, ﬂ@ ozf1 thelngz lytcldrq exnﬁllthe t‘{ﬁs?ér anlné[hqt % I'l]:ﬁaoravnSat aggiying a

MOS transi stor can’i ncrease
'Oﬂg'%vﬁbﬁ@w Fecrenon euMPA rosisiet gap dsrees Wame@w arrempreemwl: longjtudinal

stress@fthaﬂﬁj; @E nbdllitg afr [ﬁdj(ﬁ?fty ARkl At a&erts@enﬁdglzt@dldapﬁgdsteh’rghc@%e mobility
carril e

of maéolng CfllTler eﬂ:p(mﬁ qi 1S &q(()w \I,}\’m?' exaf'n(gt tgﬁtﬁ%ﬁ#}gnt{xt‘dn%@@ﬁegw&rs;tress to enhance
the mobytigyi of trelienil P- @@mp‘r MO8 (ROt rapsgors by embradicesi®dn tebreranium (eSiGe)

dd}acéﬁpbﬂeltﬂaﬁs}étopthamm %o Fabrice QMQn&k1CMer{cﬁm%§ Tsac%ﬁédsliﬁﬁ "R silicon

eddi ng silicon germanium (e acent
S“"S‘ft”% iy SR and s Of 48 ST ek tse&féhs i OY Bnigelestive epitaxa
growth pEtheSiGor Simglg B&Saslng the gerhexdurh Biin@nitolf e 85iGE EJGﬁtrea&Ulkb&trésathewever,
is not eE‘tlrgl Suc Ol GEn R0 d Frﬁlgﬂ%n?go%%% rQ ultstlh ?nc}egsg(p § bs}o § froma e surface of

rench IS re %/ ectrve epi
the e"@ﬁew Free: ae&wesr'@ezf tgimes thlchc,f?r@aét?rﬁ@e etnﬁ»eddg@emnqomme contact

resistMQo @R sofite 4nb Qra@Sirdae oh® inkBHRELASE rt:lh'b@t:&lt Jr RSombERVWE N Erial as the
as i.ncreased mani um

transnstor una%ﬁf)es {%?&%tcénvlentillonaﬁzc}pé% §%Lﬂ1te§fi @efaqngglgg 5&1? t he
sur face of 30 the enbedded regi on, aggl oneration of
[0005} heApperdigklysit i Hesirdbls 19 entimizd mothodsHia fé)ntﬁelugjfeldssmjgnc@mm transistors.

In addi®HUCE d&R5MeA8 brovide an optimized stress enhanced MOS transistor that avoids the problems
attendant with conventional transistor fabrication. Furthermore, other desirable features and characteristics

of the present invention will become apparent from the subsequent detailed description and the appended
-1-
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resi stance to the source and drain areas, and

i ncreased stress rel axation of the enbedded materi al
WO808 (68543t r ansi st or under goes the nore conven?Coakon7/024034

steps encountered in fabricating the IC. [0005]
claimpctglken di regpljynctioint withs thd esdomablys: tdowopt anti we forepmgdshiioar field and
packdr@Rd.i cating stress enhanced MOS transistors. In

addition, it is desirable to provide an optim zed

stress enhanced MOS transistor that avoids the

probl ens 35 attendant BHEF AUMMAFENt i onal transi stor

fabrication. Furthernore, other desirable features and
{0006} ha ot riiBiced SIOSftrabdidor Phv@gkianien Ry Qv rhdbilibais garmaed The

s SRR A D RS S SH S350 i

the Suffa%eﬁ Fshregiphgf Pt e adiret lgermpBunaeones nRienys ﬂ@e@e@wtmsmconducwr

subsuﬂt@dTthtfrégﬁoﬂ@@d DehibROhAbEAY afslo bdjticﬁ\r&@]acehqm&ﬁéi Nehion. A second
MOS transi stor

e Iﬁlfﬁ B(?O%%PA stress enhanced
g0 A\ HYy aé’Wﬁai‘rf&“@ Y} §PIERHIPRSSHBH 5 F SeEnapir B FPRAErration is
embeddagin tf fist ress:swe}nhtaﬂnd}:daohmmt I ertgdr SilcOessQIIThe ba@s partion.
sem conduct or substrate having a surface and a channel

{0007ﬁ egA%t}QH is p‘ﬁ%scﬁsm Fa@z‘\:cgnnﬁt% strésg %ar&&l%@ tragl dm% %ac@ﬁé{an&%uh one

a first germanium concentration Is e
embO%'@Fﬁ* ChbHEUREHioN. e Fethedasapristh &ring @ tzae glgitode pgdyipg and defining a

channblo’égl@i’m pOﬁdnb@ﬂ;tdﬂfﬂd séﬁméﬂn&iﬁtop Q!bitﬂa@n Aﬁﬁdn&pl@m%g b RRe Glh@&nﬁémg the

channgiq%%gg i3 elchf:dS l([_)“ﬁq{lé:n ono r ﬂm? éegxéco?cw%‘or Sf%ﬁtéﬂefgaldjr‘lgﬁm tgee?']'ﬂ;gﬁl rEﬁlﬂn The
trendb@rﬂtlec}wrﬂap isesAnd @onomm@dnmwdmcme nfierid thavirggi 613t @ocehtmaivn of a

subst:tuh&naﬁdtdﬂ?arﬁ%tﬁ 'anﬁrdhﬂﬁo&ysﬁfl|€@§eﬁﬁcoﬁdnét&lﬁﬁ@ﬁ§l nhJRE, s@&ﬁd concentration

o e s R i 9% st B ROmEI e LIS ZHET Gpopy wrove o have
wall thidoess damnpoie sidetsirfaon@fficentao eNefra Ricatafstrdshign thddhembi région thal €he stress
that ngﬁE @Qgeﬁ&:@r I[‘ﬁ()q}gcrﬁgﬁﬁée Flegnrcgncgnagrema%n% ta\ElI?th%e g)e\({(%en{l lC ncer\gratlon if the

Ion 1n a
"e"c”é’@ﬁf‘l@féﬁﬁ[,}!%thé‘i’ mergpyHtiineanatepalaloeench havi ng a si de
surface facing the channel region is etched into the

nonocr yst al | i ne pReAF mEsORUAION OB UASbRAtVeNE] acent the
channel region. The trench is filled vvith a second
0008{"ONPfe arhal
{ Iggnce ﬁé%l?lkn(\)f%nﬂg §%rﬂf%Psﬁ lgg)% g%scrig?olrr]: acPru I}CIIGH wnmghe fo[ chw:rg drawing
figures, prherein Wisriwpsrgjsdeatts iisclemen, sgndieret or material having a
second concentration of the substitutional atone. The

[0009B ecEIgd] - Umn@@ws tradslsécnén, § QLM OL 610kl RE Rbthdl stebssfor its fabrication
t hi ckness al ong the

[
in accor@aﬁce &l V?rﬁ%seg“sbﬁwwéﬁ Gé&e "{Vf)"“g'i(m%t a greater stress on
t he channel region than the stress that would be
(0010 x 158 d-% foeethanuiith ERGSs tlal. fliustates mrrasostctivet Dstresvert MOS atansistor and

methold s Y itd BRIcHBE ANELoFARNE Sith Er@aﬁtkr@ﬂe drfbodifi&nt ofttffe‘?rﬂ‘éntixo}(\’as
filled by the third nonocrystalline material alone. 20

BRI EF DESCRI PTI ON OF 008] The present
invention will herei Hg#ﬂf‘ﬂr?m SG%‘E@IIDNbed i n conjunction
wth the following drawing figures, wherein |ike
(0011 y he ddtis wide Aestiled desdciptianl ie ey sxemaland inviv@iresdni is[nO0ID@]dedto Bmit the
lnvenulan @r thé ApH%Etroﬁ‘inﬁi usésr&f {hE BR&hicE %hﬂ%ﬂnoreath&E (sq":§ %%Qttd}@m bound by any

tor and nethod steps for its fabrication in

cxpesi G0 RO R PO POUioP ERBPBIR SBagen i bich ey or the

followap detailed description.

[6012] Monocrystalline silicon, the most common semiconductor material used in the semiconductor

industry for the fabrication of semiconductor devices and integrated circuits is characterized by a lattice

2.
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25 [00101 FIGS 7-9, together with FIGS, 1-4,

illustrate, in cross section, a stressed MOS
WO 0B#38tor and nethod steps for its fabri caPCOUSEAY7/024034

accordance with an alternate enbodi nent of the
constpriAedipdngipn of DETARWED SBESCRUXTLIDE 2{o0® dthdr tiih eilifoolid Dapsnglatice, the
size (Q %%sh!ﬁﬁjg &*ﬁ@%h Bt 'Iag?ae éoﬁstﬁ?{aﬁ lbé/ chgﬁ(g%(m)llf QraYgell sﬂbsﬂﬁﬂ&ﬁgle@uoﬁﬂgch as a

is not intended to lim I nvention “or
germ:gw e i Wedaﬁdheuglggn Btfncet ﬁ}é’ MHFEI9PSIEh incrEAsest a7e tiggRceease in lattice

constidn Brpeapbiﬁormbto it tceRtnr0dn bﬁhcbﬁbs*ﬁﬁlu&ﬂl Jﬂ(}ﬁ! aSanlarI?a Qs zﬁQﬁﬁn@%lﬂﬁQunonal
atom ?&ch agTP Lz{)b%g attomelso z[ edq%ﬁ]ggréo% (iia tice, t 15%: cHréstantf%?rFa%%c E&caﬁy adding a

large a@@talpt]oeqy atge gq;zr hop;tsﬂlgn latfo@ Ok Rgs alvgmmqssiyessttrais lon the hissi thttigeaing adding a

smallts M8t 0L 2GRt SHEL GRREUEARL 1HBIE BFels@h tﬂéﬁ&glafn& the
sem conduct or |ndustry for the fabrication of

m, conduct or, ces and i ntegrated circuits
{00133 h allte{sblfn&v? étdncbey;nrg tl?eéfrmala%m COn. %e@%@péé‘gsrﬁgases the stress that can
be apRET [olIB20O7¢! O RARNIAS trapoens h@ibereba indiensedrsé @abildf oftrfarity carrier holes in

the tratsibtheC Qs ﬁgo)fcﬁ(;»%l that W\HEFB& b&c%ﬂa oﬁée%muu%t P@l Ig]unfh%%f the embedded

S|I|con|nacrsa tice,
SiGe makeiighaveids semy &t @F Preblems alfea'ﬁfli"é‘é bb@ﬁ@h ZPFmamigOy cdseentration at the

surfaceh ng@fls hdvé bén |nABOO lachSd¥D Bith tHethigh rg&lmaﬂﬁrﬁ %rﬁéﬂﬁmloﬂ% Qe bulk of the

er ni um
esiogh TR R MR 2t R ety el P it i eieed mo
the sogesp andadutin preas pf thp onsistoreathe bols bhae clonee rthost tieamesofie hénefilled by a
proces?sléb%écltu}éteblgﬁﬁ‘ll gr(ﬁiﬂ%ﬁsnh@n@e nﬂﬁalx% Idltfall%mi? %Lénfﬂtmn of g&ré'nan um in the

substitutional 5 atom such as a car on atomiIs
reectaptflophBhigh icetshihe depesttienof % i serrepig o eatoafiGe. Midway through the
epitaxthé grogasesle tleooadehiyatiandsdi gaghaium |1 k1@ Qeastdd) Tolvt ibl tdd @R kndath® Pduced

tr
conceﬁtgma'hflﬂ)%g m:?lht}] E%QIE]U! th%‘ir‘ér{agls dlg rde &Hle resuﬁ is a%%%%%é{iﬂ%’f ﬁ){si?eathaé?n SiGe

under dayesing ploy ghr@@murs Fqnpe@mom St iam abthmtf@s Altitoeghgid device produced by
such ﬁﬁrb&&&w&ﬂhdhﬁ%ﬂ:r&%’é tHa @ duldOR endo B b | alhi n%ﬁgd&ﬁﬁ&\/z\m cHZ'Q-&rat:on at the

L TR XTSI K
<mmxmhawnmwmmﬁi%GPNGﬁtMMam$Jstor and thereby increased the
mobility of majority carrier holes in 10 the

{0014} 1 afﬂlsthesetps?zrmai ért)wth %ro@ésﬁge é&SRQMQmEtQ% ia;@wbg%uﬁg nQWﬁ:s the surface upon

concentrati on of er mani um at he surface
wich e GBI Sica R B A1 RABD dl SEeE B ER gopihoive Heh germanium
concegthadn SiGeprefeauialiyagb v Yrod tibglong@ tHyaBich AadaRRE &8 izfodth rf@fofalie SiGe
film oh E&@ sxﬁMLsf AGE treﬂ E%X%ﬁ[nﬁ%% Snl gﬁun [dyer c% hté;ﬁ) aﬁ!ﬂnlm%%/w{nﬁ%rétrauon SiGe

ger mani um conce tra
on fhee‘@ie‘@‘s aﬁhf“ fshise prijo¥iad @i@f‘@@é@f%@ﬁ@ hfnwl@tep onthe trygaiingamictrn found at

the bolymn bR fe@dnl rQidr ﬂ‘@n FNRGRISRall Jﬁﬁﬂﬁ&%a@& erRldkeds oM RiGe film that
rain ar he transistor at the

a
coversg RO BT s By Rt B DecroaniBRvasn &t wrb e PE gy an
the thigkng® rppticd ég theabnveeib@t proaees ie pistiBoidnalo agiowvttle dediredstbhinefress and
demre@@&mpbﬂm In a&brtdér@é i thé"@mﬁ@ G AL LR Q%ng&raﬂ%ﬂ%*%r and

react ant low is to cause t eposition
me‘“O%f "ﬁf Ghrig ey ﬁﬁﬁ"l%ﬁf&é’fﬁ"l"a‘t Fhé‘rﬁCBF‘@e*“fﬁWFdeaV“Q*h phkighgermanium

concerttdagon SGFH ith axre@bn gtaoam e Byibi€o iiizE BB CIRARMeT abds @t rtbility gain,
germaniumin the reactant flowis reduced and the

[OI}ISIr edﬁ@ﬁ d1 ﬁ%ﬂﬁlf rﬂ 51"95%,:5] g[rl)ﬂféJ Qr‘@ésédSMB?d%q chﬁg aen% meﬂl d slerﬁs Por fabricating

result I's
such ‘E“OWQ@ rﬂeyl?ﬁ Nofscadange  with sipus| g}gp@wmm o’gthp oweg@p rrdmtlmm;llustrmwe
embod@MEAC @RESEAMOZNIeBLeCH & <’il)(1§l‘atea'[i:'ytahsfifngli":l'iF braGR: Méb t(mggﬂraﬁzﬁ%r An

mtegrage% c,bcfuet fgr (ﬂ m gressyd Gﬁg ev: %ﬁrfaré?igvgcséé? %%le ugiﬁ E;aég'eml?e[lﬁf] such

concent ration at the
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surface of the SiGe, the nobility gain was no greater

than woul d be expected with uniformy | ow gernmani um
WOoQavtdwai4sat i on enbedded SiGe filling the trene&T/UpBOLA31034

In the epitaxial growth process the growi ng nateri al
transistay.end getbtoamtuda lubsyesseil MY tahwstsuid sesedipo Instrwidichiatnel MOS
(NMOS 1@hsQMsNPwel t 1S observed that unfortunately the

sel ective epitaxial growh of the high germanium 25

concentration Si Ge preferentially grows fromthe
[0016] ¢ {V@HFUD pters i the el uErt] Mieh Bwsitibre 2ig MEhkrpviRapspfn thyiaterest of
brevifgj &yfobdvmtlﬁmi iipe walil sleva! thidnkd brﬂﬁy har@N6dwill Be bAkd entirely without
provuﬁt %Eﬁlé E«Jte{]g ﬁfOé&SégQaIFShlﬁntHOU%Xﬁlr term Fq'og d.?. er Ig%gerlytrﬁf%rs to a device
hd\'iﬂépunteakgaal e’egtr@mrld ap peifiegagrinsuiof, ylmht@rm \euatbessebmrwtieut to refer to any

semm@ﬁd&@t&&ie%éeﬂ%t SIS Wn@ucrl@%lg el@&rodé etlQ:PFnEtgm &Eer th8uctive material)
rat her than on the wal stall1ne

that '%FEOP‘U?,‘F?J?"éf 2 é“st"ﬁ%(k”ﬁ%“é ofe ‘tfﬁ@efﬁ‘séé““ WhiRk: o, s pasiiened over a
semichimgctgisaewad. | facing the transistor channel is the nost

i nportant in appl yi ng stress to the channel, and 30

he ealy i
v PLSARE St B SRy LS SN G A B EERRS o o
embogf@ent o e rigygRtion Preingaiith providingcicwmigendetor Wittt Heinwgt pothich such

transi@6FD el FabRoaleS. THe ididhestéph VHaRd fa8tRatRR oNﬁﬁS trin@iftsd ﬁtaﬁrcorﬂ&(jmnal and will

o oS Bt 0 1P bR R RS T B trine » 000
SUffﬂ(@mﬁ)@@hPmeamlcmnwl'@m@ethe erin Heiliec@ giubsvatel ding ¢'@lfidon tlyer” cleamsad lherein to

encon‘i;ﬁss%&é!iﬁv@? ptIr@ﬁo:ﬁh?Jmﬁlle sﬁ&c:rn%%nﬁﬂgplmphqle& EYhegéﬁlEbnductor industry
strate, I n cross SeCt|0n

o wedgp é‘g@édd'rwﬁ AR Ier i fUE R B EHBRNIY: Ef5konf e the . Semiconducto
substrh@ BB ivlahereigpfi@SoeSefededan fvdon\@aivice Butl vithalt (Blﬁll’tdiaﬁl GEa Wik substrate
allhou?éﬁfhlo&l@ sk%m(?tgal sgr%ngnguc?or ar‘i %arpgr\écelfﬂé tlh:k/&er dsemlconducg)é matgna[s could be

ustrative
used. | |Siligan pustae My may & ﬁgm@k piligharisial (WOBLSERMIS)uL preferably is a thin

monobrl BNk Bled bE silddbh 38'095@@@&‘1@@&1&} ﬂftﬁ‘(bﬂrrtmofllg gms ili@[%n-insulator or SOI)
can i nc

that, 1[1 h;m 15 sw%h@y agz\llré%gr\isqfersglc hl{}gﬁ séggrg}i%g%ﬁ%caﬂy has a th1ck(r:1'eqs of less than
about @@TdﬂU@E@@Ivﬂr@MBﬂng danizrs ot forsgn bainglimpRyesddsad innedairt@plications

preferktilySila ?ﬁ:ﬁ@z@ssRMarF Jb@d? 56§k, Of‘h? rﬁ}fglc&]i fafep e ]{"ﬁjas a resistivitr of at least

Y tressed N channel transi sto
about d@ﬂ*}}" gRlimetst sThe plipRe by ﬁ@urﬁﬁﬁw%ethar%tyaq orNjiigpe, but is preferably
dopedtPFt&nS DgteariSinal@ndVBlet 40Ky &iNEbn A0xidd, refedBy had b BicRSks @ fibout 50-
sgonr€vity, many conventional steps will only be
mentl oned briefly herein or will be omtted entirely
out 5 providing the well known process details.
{""ISN t ’rﬁ?ﬂﬂ@h regiqes 48 arerfrrmpiDBatgepidcbrough myprsrytyllirestlisprslaen3sgo dielectric

msulaﬁi%\/lh)féEéld’laVHenQ;laﬁorf@ﬁ 6\{5 a&aﬁr@'er@&ﬁﬁ)trrﬁéa RN B0 QreR@ti®lation
sul a roughout to refer

T RS © Bt SR Bt BFOR R0 PP RSE e UGS 1 e oenche e e
with acigietiic tniategal gathess dépesied otken (dwkigt, het tharetcesk sition dtoligé is removed by

chemi&P H\E’dﬂ%dayﬁan%taﬁfn (@il’ﬁ’) §ﬁ @Jg:ohsstlfippq)%dte 'e@&ﬁgl i, Bn %s %@56’8 between

i nsul at or (whet her oxi de or ot I nsul at or
varioug devices ofdhendenit thif iscio &g &rmeg i gRReE TSP Si g1 Bl before o
preferdly 4ft@0dbri}atidsofite|SUBkgiats, &éiedtdﬁ pbrhi6as oflsilicbdigye e @Gﬁz;blfr@ dabed, for
examp@eng}; %ﬁ%ﬁ}ﬁﬂta t Egraqum e |’1 { I oNﬁtgf)%el \gflzilﬁs Cc\%ﬁ t arllr% 6:18{;1 %Pﬁaﬁ éype for the
fabricagioppf IR EEHIr Kubst rate 36 in and on whi ch such

transi stors are fabricated. The initial steps in the

[0019F abA tg@@tof gite @fulabOSt tsIi@M8d &t AFfac3 86 3f MicEPBHEDY ARk a@NAE FIG. 2.
The gm msulator may be thermally grown silicon dioxide formed by heating the silicon substrate in an

oxidizing ambient, or may be a deposited insulator such as a silicon oxide, siticon nitride, a high dielectric
-4-
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not be described in detail. The sem conductor

substrate is preferably a silicon substrate having a
WQ008y6358ur f ace crystal orientation wherein tRETIERZINT/024034

"silicon substrate"” and "silicon |layer" are used
consthye fredlytortsech BSHRFighMp s Sket Wepasiedt atsilued yanpe ﬂ@os:ted in known manner, for
examPQ nﬁ}ccrhyrﬁlt:zﬁlvk op @epﬁ‘éntlo'n ?@Vrb)n%(vqfrés&lLe (thQ{IQAI C@J Xeé)gst%g éf.lgiVDa semi-

he "sem conduct or
atmogphgriy CWMW@W@H@C@ <§%Fc\w>a>s P@?@Wﬁwnqgmhe@mlbmr degpsifion FPECVD).

Gate ﬁﬂsaka&‘or SPRHe @ INELLHEH QY 2 th& RS tofodh: @m&ﬁ dVMxildé ia!fb‘? Frd g{?cﬁistoﬁlry oR8urface 56
mta

of s:!:con Ia)ier %82 r']f‘i]es L ?sglg? nn\/a?eglpﬁ t%tejcdlﬁy { h rgiém 8}101(&%? zfnrl p{@%mfﬂﬁ&) a thickness
of 3b9‘é r2ciom dlrccerdagpe twithiohd crdpfimec bathe invdnaién Dtajrepf gate electrode forming
mateﬁa?g@ @QQH? %&]ycr}‘mm% dihs isQIQpldL flj. B thy@%&’f g§t| msxflzg(g Other electrically

sub S rat e I con
condtfcp'feu@fer %ﬁcg%e fomg ’ﬁfiieé‘?[érs%”ﬁ meglsgangd Hpeg! gmmdes may also be deposited

provifingxachit&tabilyl iisdior Mﬂy@broﬂfatesmwnmﬂp@@caﬁ)&t ﬁ@ndc&ﬁak&l tBkdnitg voliage of

the tré%\f &I 'lfh% éétg glectro euf)rgrrr]mn%orr\%ega wrslb)l)etreér&ﬁgg) éefedrg ?atér%gl\);\%*sgpme silicon
although thOqufnSkSl‘l IIﬂl”(f,eoil’qt illyenog®8 thay ptha ahdteyialh am @sot Haieoiploggis 1bfhe gate
electrl)@%teh!ﬂ%o]y&?@ﬂlﬁne 2HQn ﬂ%ﬂ@ﬂ%ﬁ% & &ﬂl%epqgng@aq'ttﬁ&négpofta&%t 50-200

, In certaln
o el p G R eTAE RGN 7 R o Dy e B EeD 1P oo cRine. The ayer
of pobbwadiliRCsiticon 1sTdntherib|1M fep&itddi ﬁomddpay @ﬂyc@ﬁtﬁlfa@r allby afiaS s@bsequently
1mpur§tﬁ§$(’%& F)y IOI:I Ympq)afma Aeﬁ%} of. lﬁ}%or}il sk m dtenai %a;gz]clgeﬁsl?ltlgyn;eof Silicon nitride is

1 con uri
depospedt cyﬁéhe Hg[}yf:rﬁtghrﬁ p]@f@@ rggbplg,ctrg@ f@f@p@@apuq] yigbp lnyRy o |neeiing| nterial, if

silicok M&idé, din YaPegosi fordhmpleY R PEBVD Yo Sthicke QB¢ Mb@%0-8®nm from the reaction
has L hi 200 nm 81

o o BB 0 RSP ERS a i r Pobptic v
than sfigeroutrifestiambel depreites ipd thadoml nlaskyrenerid8 t o di el ectric
insulating |ayer 40. The isolation regions are

[0020pr efé\? rilﬂmrzh(edf QArgeds bé/ateV\@LJtro(}@an V\% hl@tlerllaq’vy%} t arnﬁ %’El mask material are

(i) ST| techni ques I n trenches are
P“O‘OQ‘?O&W@W WPEHENGE L A 1O he 24 FiREDi 612 AY8lpid By the thpgd mask material.
The pplyemolias sititop cﬁn el e&‘dedfiﬁ)thwdésheda)adére be edr rek@npﬂi&ﬁl@l’da a{chaﬁguﬁhl Clor
HBr/@%h sg‘g% tﬁérjha?d lJl’lZlSE 9@ bg Etgﬁ,&! c?’c‘.ar’ex mpﬂ: ltacyhp(?asr%gi( gtf: Slr% 1r§ a Ci{g BF,,, or SFg

di oxI
chemigfrys nEqilpyigs |”I§rPa(‘@W8) of thyTgatey @@Ff@hs ingeqprtanagi it @k ewbodingal of the

inventicR0d @ini 1985 6427 sMeRdREe is k’t’r@tn‘ﬁ(ﬂﬁ Qmw?x’ af iho Uﬁmﬂﬂ;vsho%@aﬁfs @6 add¥® of gate
hat. are.to be stalljine

el e AL b 8 Rap S B il ek ) Yo of s

31@0“@86’# iieélaftsla@hmmﬂ regloe 6855 |thar pgfioo Aghe weice of thid sif@mtidyarss uaferlying the
gate e{ib&okf@ oll‘}eflet@Mﬁfhe 3Rnehi ofditch B Wa lth) g@&:ﬁq“ec&&{so ”ﬁr([%ﬁ%{é Bow in the

a} i on.  For exanpl e,
“a“s‘sé% Ple; “gg\ﬁ ]t0$ RSP etieRet y i e e 64350*1‘%?.*% tp gpparate the
polycrpftall/S8cn pandécsd @Ifrod Bubsdq@idPdepAiddayRer f@ning dha@rials.

insulator 54 is formed on surface 56 of silicon |ayer

{0021%8 AR n{elhloyﬁﬁtaf:c@;d%e ik %: ok tho%@erg&?fgegx Bor Cgsti:'lr)llueas Eitarﬂatydeposumg

e thernal grown silicon
a layeg pfesilicpy) P‘Etﬁ‘ﬁ %e}b%tswaaﬁtr &rmins &H‘B“%Xfrodruzlﬂ'iﬁl@d)a%ﬁ) |a'ewtr0pl@ﬁy mb}ng the
layer befoﬁl crpesitt @drinstinalier 643&03'11(:&5 oﬂdesdnl d)p?i@sﬁh Q%:le‘dﬁls 65 and 66 as

o R0 S BT S L s BORLOE

LPCVPugpg ¢iyhlorosigne pifeamimioRie as rRejpws i The siddwall slastrons becamivotlygically etched,
for exAHHRAS/ rt:@ﬂivei:cfh é&lﬂﬁi;’é ;Rrﬁﬁﬁm%fa,cﬁ O CHIS YRRk Rgxss% K LAl are erched

. vapor 1 on (f\/D ressure chem ca vapor

o w5k EER e i EH 57 e e sidewal
spacergl@pursd 4siappicl( @A@ﬁ[e):qcem ape bdSiigneé whamedcd s Tine 18 &ghte Wiag6de 62 and
to chafleRRShd h® Ebaéeﬁ%@)om the gate electrode by a distance substantially equal to the thickness
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in FIG. 6. ¢ Preferafily r«fﬁf&adeﬂa?e

Gate insulator 54 is here illustrated as a thermally
grown silicon dioxide |ayer that grows only on surface
wosBoBIas43si | i con | ayer 38. The gate insul at or PaBtSZGOR24034
is typically 1-10 run in thickness and preferably to a
of tht hidelatiesgsers of ingibadt bylan@win 9. IRBcea;esC’m dﬂﬂ@&rewintshmﬁ:ﬂaely etched, for

exam?gbﬂmemw 109 ICE I;]g'ﬁ (r{g@vﬁ%' OQB @yrg %t[yoo ago%%tﬁ F!ab%%lt EO%%SO nm as

ormn teria fera
indicgfd tw@(fﬂws Ps f’tﬂé@ﬁ%&éuﬂtﬂeaprmﬁtoéswe ‘4Y9{y3ér15 loft begewebouom surface 76 of the
wencha@sul ator. OQther electrically conductive gate
el ectrode form ng materials such as netal s and net al

il provi di he
o0zl AFORES pUM R TR oOF SRR T8 s R el gporon
surfageary isswbstaptipdly padlelsts arrdymt the emh@ryeltalvmbrttragmscsﬁrfadﬁsadﬁ 6rin silicon layer
38. Ecﬁt@iﬂ%hrﬁ&@% thJ hes géﬁged (@d)[ﬁgygtgdp@ang OW @}gnﬂFfSeJriem:d Wa { ‘ 10] crystal

di ({) ? greere toas(P ycCr st I he Si

“’w%ﬂ" o ifgﬁ“r 508 Bk EOSKIEI| poartredicht rEs Hetp g speceligtaons a
(O11)atyerplamat Brab@ldsice atth & Gdodife Fphoyedionl tifendhaeiz gimt ﬁl are filled with
embe&!e@ %Fd’eq}g%ly %E!gcrnl/ea%m{ma[ gl% C;;‘r c%séq}%at Iprr(}velge%: fowtt} rate ona {0t

teri al
crystaéglér@tth;g@hegg@vth qumoaﬁ @l O@)(@fs@f E{Mey Ttx@seact[vhﬁmm growibfnucleates on the

side sﬁrbd@&ﬂas 18 0as Bﬁﬂh@b’ottbﬁ@(@c@bfutﬁ h%hé?%n@mgﬁaonrtﬁé:tb'ﬁg pIge Bfbe achieved in
| ane Sta line siliconis

non PR R i Bt SO OV Spi BT it diepinismeerate, srowt
pressige, |lapd e likndliring the wiseigugatth ws diScuisem dir Ietaanlﬂoqa eGEmcmvm SILICON

EPHAW'A@!H @ﬁl&iﬂ*ﬁAf[ﬁN‘ %Nbﬁﬁgﬁﬁ%mﬁr%tﬁ LRl FUeh 85 b Sentodt, D. K.

aer of I con nit

J"“”"ﬁ’cﬂﬁ/@%‘(%ff”l"}“f‘fés%ie% [ del ‘gétf\éaYeESEétPr%@fif cﬁpmxﬁggwwth of embedded
SiGe BrBit enii@ukd to phrBallly &Y @Enckth 70BRKH ﬂgum&&m A, 5. |§mbe(§lbcl $1Q9§E is grown

BT W Ty v o o
Embcéﬁieé ISICGrBésEI"PVHnle tantanasmpavas thitha saerd of ki high gamirien @ntentration
SiGe \641 ke LUMEQE 3% andsd IEQJ T he rtha@i gl%kﬂ?%ﬁ 'Bbt&)mn@h’ﬁ% hal %’re%&atﬂ rlﬂc high

nS|I§80n nitride _can eposi t
ge‘“‘%t“é?'}‘%i‘ A¢) ‘-‘[“’66‘2‘@?"5 Rsand |8? hf"éf‘l‘hé&k%eas qf f Iqaft &P-30im. g ot e
el ectrode formng nmaterial 58 and hard mask materi al
(00231 eThephiettied épitixdd) prapihicemlitoys pattheehededrdhaieaidm teetent, and the
remanfl H’% ﬂat%n gﬁFeﬁch@J ’ﬁ%ﬂf Qtda?e fﬁ%d QJ?{EE lo@l cg era&om%mpe%%eq SrE{aSSE as illustrated

eri al %nys all1ne Sl I con Ccan
cefSrpapy semgpiumcantpitation of alone0-2t @mﬂﬁ gercent
germanioma Tehch@r72 ahdBr4/ a@htﬁ e G leyhbasash ﬂld?&ahﬁ\g' adthlﬁﬁﬁzlﬂl c@ﬁi@h mamum

ConceSIaﬁ%Flgmg Ihggxde Sur ac 3 deEé Fl?/a é/)mll g%an?ﬁ%urtgcgtoF lg}v ﬁ?rﬂalu&co?qﬁr@ranon
Iqat e electr ode | n accordance w th one enbodi ment of
[0024} h elozgofdprpenith ofirthepembtiafliment af/be ingAtiafthesiriupe filupnicd @ HIGS. S and

6 aret ABIEVIRI Ly Yep@dxQvin g%lﬁghﬁg@{éﬁ%ﬁlmg cghcgr%‘&@:l |§nb@o@e@@ﬁbe6ﬁ of plasma
I N _OXI de can

envioffeE i GRS ATATY STPeRHGE CouGnAD PrRAt bl A
growtipfategmthe vergtab ditac@aleth82s die fiomesram o hanmehrfietd, cmm lﬁa&e(ﬂ:&:d by the
plasmzt Qéﬁt coQQJnHtoﬁft@t Jegl%d &%lfle@scaﬁ CFIh gt:njé! i C(!nﬁﬁ%f?ﬂ g&g F]S aﬁ’ﬁownl on the

under | ying .t gate el ectro
side syricey eated! éﬂot;'ﬁ‘igfo‘él“ﬂs PO é*regfétuatedm P eI Btehiation i the
low geCrodmfu@ondeht@uoni pﬁn‘bshﬁ thettﬂ'eﬁtih&éfﬂ!t @lrovih beltheldgy geﬂnaihmﬁ cbritekOdortion can

be ach{ﬁMﬂe@thng JifiG} Lv%outt D a@ngzge)l(alvigenmler%yer 64 provides a

ner to separate ycrystalline silicon gate
el ectrode from subsequent 'y dep05| ted spacer formng
[00251nat‘éra?ca'ld§we P02 fthervmbadistenod therinvgutin hdalerired anl rdauiora surface of

fow caabaOdioMp&inatim iR ahdy @lﬁ‘ﬁél&:ﬂy QlQ&t Wﬂuﬁsngmée&lam €8ncentration SiGe

along ??Eeoﬁufgcer%g ércrancL a i(el% 81? traxllststor han egﬁ)exgh%grgartﬁr §[befsl’?5'ﬁﬁt£ﬁ1mr§i than
would g ewrtwgbn theelow| gayrapiutp @orfcwmogpsa@asarl@e TOaclowned hsyillwsgattchin IFIGS. 7-9
| ayer 64 of silicon oxide @ opposing sidewalls 65 and
66 as illustrated in FIG 4. The silicon nitride
| ayer is deposited to a thickness of about 80-250 nm
preferably by
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35 LPCVD using dichlorosilane and ammoni a as

reactants. The sidewal| spacers can be anisotropically
WOoexeti@ds43 f or exanpl e by reactive ion etchi ngPCRIUELG07/024034

using a CF, or CHF3 chem stry. Recesses 72 and 74 are
takengggethercvith FI§iSo1-#.hThe ngihbd ig anolayewith3Bs entodighers paﬁeiﬁ&nﬁcﬂ Jbegins with

the sﬂr@ts@ps%h&{?&&qg ?10@21 4. adeau§T!.ted4i§Fﬁ‘ﬁ7 %Ielg:cmes%sakc?'?t% eqﬁﬁﬁ% sefective

he sid - acers are used as an et
eP“a% PR éﬁvfé %98 FEhP gt canerniitigbigr- |p@fes@lyah@t BB 0gpomic percent
germg@ine el ectrode 62 and to channel 68 and are spaced
apart fron1the gate el ectrode by a distance

ubst ant .equal .to the.thickness. . -5.W .
00263 o PR oA 0% ttitreh T Tl e otgp s i
matergs (npiritiistagde dvelyingthe pavsel@@nde R cidesil spa?ds & ahd Ahbaxiel SiGe 90. The
layer @f‘s‘p&@rt 1{3@09141(@\11 bé/deﬁés@a%ja thfcfﬂéss o?ﬁ%h@ 30 By by ?@gkalm;ﬁﬁ LD, The

I % 1 n I USIH% emstryto
aver A Bt ‘%’@O‘a Bt spEAPLlY eichrdi ferpapplay RIE (o ke ?@Wal&\fpafe@é‘é’:tﬁeﬂymg
sidewall tphders 7p.0Intah lerafe e&bddln@ﬁﬁ’(ndt amerazeg’s)&mwanl spdctrs PeNR8E Rmoved before

depnsggg Ihg gb%gf s&ﬁgr mazﬁ‘?l etfne spacgr mz}:ten _/cén escl Cpog[ﬁé 9} a%hzlkn-l;% gn{]}ugcrl.y% -40 nm,

surraces respec
and a giRge sufegeléspéqqa}pm@g a ggkneof Pgthnmeer Hedermedy 6Vhe§1er two stdewall spacers or

one tkﬁd&&sstd&ﬁﬁlllsﬂic&r)éreﬁﬁfdatm ﬁiewﬁlpsp@@l@s) @ﬁ@ elEclﬂ@deSﬁH@sz[ré/ &E@Js an etch mask

b B e B Bl PR LG B ks 5 can
etchedpbyarmgtive\Nt dchinl aonandedpth 68abouti ! 803 @6l ad indicatefl bl 3owcasy Shaathes 94 and 96
FafidaGlh O RN 54 4 ly . .
e g%erf dicular to gﬁ?&ggcp% Eém th§ ﬂ%&gil bgghesvyugﬁac eesSpTcergyas indicated
by “”8‘{”8 g a (011) crystal plane. In accordance with an
enbodi nent of the invention trenches 72 and 74 are
(00271 i | hediuiadated in1QG e hedake d4 DidGa a&Zreﬂi]héd *ith QJI&@@Jelng%wn low germamum

h ss_that provides a
conccﬁm 5 a%‘ta%lal %g%%ﬁ pre}?era%F % \imgplgg-rrr]ngﬁtlrﬁ gor?c?ﬁ.glo&?g&aﬂ%{) F(g;tt(érm(é P]ercem
Sfmﬂaa *O(ttlf(}wf)"'ow ‘V@P@lrﬂe%l t@ﬁ@nmﬂ@hhﬂs 8 Blwesstniagiem epictnaxtioa SiGysottd P8 and a

thick Whalpbfﬂﬁljh%%mﬁﬂmﬁ\tkgnceiﬁﬂdﬁiﬁ SHEH tfa@%e&arﬁc?l ¢ lhe Righ Qemmﬁnhﬁn concentration
ow h rate on the )

sice 1575 HERRHP BRSSP0 e e R hr A OB A i cherd by
the loy pemgniwwohcentorich SiGonsesuch as reactant flow, growh
tenperature growh pressure, and the like during the

0028 P! A@%haR! nd® Mk dadhe AbrRGHS S | e in
e e e S S RN AT i e complt

CO“VEBEWEWECW“W ‘“HWR‘Q{ eVt R pE sBcwaleprcee @ and 92 and
replaciDg thikm wit @ singlaperofnertt Rige vzl @ater. O‘Il}l’é(-}bmrﬁ%t sﬁ@@é!ﬁs‘p&em ¥Mre L?e@ as an ion

lmplad?atlgn g%@ﬁnd égdéghvggdeﬁe@rﬁmgﬁ {ons a? i ?r)a(tecﬂnto gne sn}fv%on of EIIGF on either side of

arti
the Wr%@%@@ fpon gonege o dizn regrprustﬁem BMOS trafsisQy th5 conglygigdied can be

boron ﬁlnﬁe\s&%sd of sigif Q\M& art\Mlt PRdeRsednl, R reGIRA G RN oL Al Q}facers can be used and
moretgan onea ! nk lﬁ;ﬁo C aéﬁlt?ect Weert] about c%S 40.atom ¢
BB Ly RS T HE CorboS B ER P s Ay PEARORrl o implans,
set thrm;mm grltagegmd we lige- t e cikevall bageesrcaBdsodk uteh @ thingdalf gmg"ném[mm Bilicide
contacﬁQ@@x@ %Fc@&dd% 2gicils R l% ot siflGaeSH% rrpr%%‘?a]]7%epg£m 80 {]Qﬂo cause
r ce g r eP l-b

é) ﬁggrOWS on ‘bottom su
the m‘ft‘fﬁ fmcgw“h a‘@?* HIGORPCAE Bribrma) Tl GHiow. e it Boeign 7t wit

exposeg BiticBCudnas maalt thit Glda@sigd of thahdelv@laﬁidceﬂscbr 30 ST dPes foR&3Bhnd can be
remov;rdhl% écglng% A %o?ut%p b gy /ﬁlfnog % /ﬁagﬂr&ltf " ofég a?tré%gﬁ thns:stor a
stress 'ﬂf@? leyepf. ©f e"f"i“é[ﬁéﬁ‘@‘é?d ?Qcoaﬂﬁf‘d? fag peedepisitddeder wictgate ale¢tl®W and metal
sﬁtcnd@d@ﬁlﬁ@ﬁ%@ﬂh%f@ﬂb@@ﬂﬁt@r iho BeB By &§oslu|041 &ﬁtdfe@hﬁg]ayér MakdcBirion of

ermani u

the d:eﬁeetnc rahetr an %?%%ng 8 05%% ugemﬁgsg% %? %d[glf:ﬁfécr AR the metai silicide contacts.
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25 germanium Trenches 72 and 74 are thus filled with

enbedded Si Ge having a thick wall of high gernmani um
WhHAYedtBat i on al ong the side surfaces faci ngPERASH®I 024034

68 and a surface of | ow gernmani um concentrati on.
Electrigph oqjact] o thg equese dedndren wiivds can therr tehnande eyrpodét vt foofed inhiige contact
openinBV@Mby |9l@rc$rlﬂ€ct A H%Mo@%nd lahdiitg ated in FIGS. 5 and 6

are achi eved by epltaX|aI y grow ng high gernanlum
{mn@fnﬁ%n%ratlon % SiGe in a plasnma . environnen

i th e Ve AP eﬂ@ “"“’% b5 o et §PT pEF iR e fhanesg PMOS

transistarsf SiodtarSterhopodue it dsal to Bibdate stfdicerdpicddayi@d radfstgs, amitthe fabrication
of euﬂc@tsﬁauclup: otr Q(ﬁh MSEtErjes C?IIé beqht%ggz:%dllin?tp F\e%&%%r f; %ncah g %t@grated circuits

on bottom sur ce ere UCG
'“Cluiil’?ag%“@fsé% aoptseieh PMOAfne NMPS desstistayy fqbn@kwe@sx ks enhanced

NMJ3i tﬂlhs:ﬁﬁﬁﬂﬁﬂlldﬂﬁﬂ ﬂa@ Hféﬁ&fs rcf@stcr'[tféﬂ] a@v@@xckﬁ iels thrpﬁll(:%m fayer is impurity
taxl a condi ti ons. can be

e surfaces
soped 5 2P B B o TAHY AFRAL O SRR b g ors,
and fhowmbrddatamitearin dains eptaxaly giowpan theouod addndaib r@FvAH should have a
substfuﬁ:t)half !\tom Eﬁ“cf?X‘étc'QerJ E fat lhgﬁéogg Fn%neh Hﬂ]a‘fa(ag go'ﬂ%tan? ﬁ.gttls sl(r)nrzhler than the

can . be acconp er wit h or

latticeq00§306 Mg st m%lﬂ[ feerz%qd Iprgitedinablensional etrani onphe arfsigipt qhmnel
enmbodi nent of the invention the desired end result of

(0038 swliilace 1@kt onk CMeMmTINC el%(fdaﬁelnﬂ ﬂasg&feﬂ&afﬂsddmi S @Ge andoisy detailed

descr@H(tnf k olglg%!: X R}eg‘!ﬂ@(‘e«ha\{\@ vast number og\aaél éolxﬁ, x1s&in}6(¥xld éis? Peewerﬁcmted that
the e’fea‘eﬁﬂfmgmbmmm%ﬁmwtawwmmélaretwly@xmp@% angsrest érended to limit the

scopﬁ&ﬁ)%&lt@mrﬁﬁﬁg&ﬁ@nmﬁc ihaRda m%&‘l;vgy benex gk g H;yde& descr:puon
alone 1 s aC | eve

i P T BB T A o o4 3B gt exempiay cmbodinen
or ex¢Tat )Uﬁﬂl@ﬂ]ﬁikfwllﬂs%duld bealodaastdoo gat NeibuswhdnBes Edn@s.made 4 the ThiRtion and
arrané{éﬁm&@ %?Flgﬂenﬁc@llﬂﬁg %@&ﬁlﬁg"'ﬁ&ﬂ e[ﬁe?ég? %@gggﬂﬁpt} as {et FJIE dn the appended
claimggngsdhe legal gquivalent igrepdt rated in FIG 7, trenches 72 and
74 are refilled by selective epltaX|aI growt h by a
| ayer 90 of high germani um concentration Si Ge,
preferably about 25-40 atomi c percent germanium 5
[ 0026] The nethod continues by bl anket depositing a
| ayer of silicon nitride or other spacer formng
material (not illustrated) overlying the gate
el ectrode 62, sidewall spacers 70, and enbedded Si Ge
90. The |Ilayer of spacer material can be deposited to
a thickness of at |east 10-30 nm by, for exanple,
LPCVD. The |ayer of spacer material is
ani sotropically etched, for exanple by RIE, to form
sidewal | spacers 92 overlying sidewall spacers 70. In
an alternate enbodi ment (not illustrated) sidewal
spacers 70 can be renoved before 10 depositing the
| ayer of spacer material, the spacer material can be
deposited to a thickness of about 30-40 nm and a
singl e sidewal | spacer having a thickness of 30-40 nm
can be forned. Whether two sidewall spacers or one
t hi cker sidewall spacer are used, the sidewall
spacer(s), gate electrode, and STl are used as an etch
mask and trenches 94 and 96 are etched into enbedded
SiGe 90 as illustrated in FIG 8. Trenches 94 and 96
can be etched by reactive ion etching to a depth of
about 15-25 not as indicated by arrow 95. Trenches 94
and 96 15 are self aligned to channel 68 and are
spaced apart fromthe channel by the width of the
spacer(s) as indicated



by arrow 97. [0027] As illustrated in FIG 9, trenches
94 and 96 are refilled with selectively grown | ow
germani um concentration epitaxial Si Ge 100 preferably
havi ng a germani um concentrati on of about 0-20 atom c
percent. Simlar to the previous enbodi nent, the
transi stor has a | ow germani um concentration Si Ge
surface 98 and a 20 thick wall of high germani um
Cleantentration Si Ge facing channel 68. The high
germani um concentration SiGe has a sufficient
thi ckness to exert nore stress on the channel of the
tra I
' Conpaneral o IARARE SIS ARBIEMAY trhngs ALY
at 4 $uriase métae@mcoahblcm substrategbe lﬂetimét:()laptesjng the Ble@Sof: 6 and
9 can..he.co
Cong SN E SRR PG Dl G Pl Ble ot b o resion,

eacﬁldﬂﬂ%ﬁldncﬁd@&h@a[@ a 6Qle 3MdacR2f23igd thedhakiRPleafinn@d e b t h
gislngle per manent sidewal |l spacer. The permanent
SU&CHewal | spacers are used as an ion inplantation mask
andc;ﬁﬁ?&@“?'ﬂo\ﬁhﬁ% a ARE BB Bf S‘i@e'h‘%@@g@rf?st cgﬁécﬁpgtﬁﬁ gt o
the silicon or SiGe oh either si
gerglagient indee venchewtmpsitiahy & anwiracbdsnthe digit daryst otFSJGeanaﬂN%
h , it n an  be n
ish RRE Bl T Rt o PR B P LS oo
rad@amcbnmmﬁemdm& 8Mdemall spacers can be used and nore
than.one ion IantéLg cgg 3 carried out to create
souTRIB~ 24 SHPR e 50BN aVEng! IGF Baviee haseand RyIcaftasion 96
germ@hiuteashal de vied: E@f&@mtrﬁﬁq t& hﬁ thd tkfchekhe si deval |
spacers can also be used to formself aligned netal
silicide contacts to the source and drain reglons A
| ay e Q ted and
> healisdeuS QLA LR G TR oSl SRR s e
congirlsingaicon hSiGea { WOf mwmaasmﬁtab[ iitdtion) e chalk(ﬁ&l&leg,nbnh as
is not i ntact wth sjilicon such as meta
origrfegigng ‘QLAE@MS&J e TE PR RAY T (0 bEanE Soiagirstoston,
andd@@seif@le o aoRBg ol RIONRH chNpRLE H AP g
sol ution o H2 / Hzg(ﬁoor ga % : %[ for ﬁ?’%&’ M adfusting
epitayipbyawth dnditiopaissinbanse eaitcs@i gtqw.ﬁb satqz pefol |Iayle/stab§usfacc
Aafcd8% anR: e may be deposited
ané@é} @Pg§¥éﬁﬁﬁggifgbgkgﬁggwggg%hhgzI|C|de cont act s.
Dep03|t|on of the stress liner is followed by
depgsi t i electric |ayer, planarizatiqn of
"t heﬂqﬁl '%(fté%ci (%'fcéa”lnay gherel e tF?:ﬁF?P tag;@ﬁ% BintaRg 2 gﬁéﬁ‘iyﬁ'gs
coxﬁphlrsém:g@ stb}bl ef ghiakiany biloGvih@y afst 1a9erting pimBinalenSitdrintdnBRaving a
-7 WD 2005/ 063543 PCT/ US2007/ 024034
pom@l“é'c‘?'i“‘ﬁ %@Fia@B‘HV RetPeR@Cylpdo s pepdcoarirtarabsirategi ons can
then be nade by contact plugs forned in the contact

openi ngs and by interconnect netal deposition and
4. patTthemmtingl OfIC(}i(Dﬂ d} wittreinftbe s;g;mohgntembkbydgmt@a fiaviaybeen

r I cating, stress.enhanced

conl iR ERER o Hrli AL O Rl D S S e I TS i

pemshwgﬁmdmnhanced NNCS transistors, and the fabrication
5 of either structure or both structures can be
integrated into nethods for fabricating CMOS

5. 1 ntyggh [ gt I
s T L A BN DR QYT S BRRRE Efond layer
stress enhanced NMOS transistor is simlar to the
nmet hods descri bed above except that the thin silicon
| ayer is inpurity 9



doped P-type, the source and drain regions are
inmpurity doped with N-type conductivity determ ning
ions, and the enbedded naterial that is epitaxially
grown in the source and drain regions should have a 10
substitutional atom such as carbon such that the grown
material has a lattice constant that is smaller than
the lattice constant of the host material to create a

corhpifigs thediepalf cpiensillpedwiag b &8s OMSiGHRohpaNSd SL0ktomic percent
channel . [0030] While at |east one exenplary

SeBRBWAl ment has been presented in the foregoing
detailed description, it should be appreciated that a
vast nunber of variations exist. It should also be

6. appFlechahedof Haim 1.t fhehexemptising tlg:nswa ioﬁe”mmiog a gafe Ensulator

on exa and are
v e b ST T B S BBl SR B R P Gy
for mmgfsnc@:umﬂtspnm scefn thdgaté eleetnidie Qandiwhegady thaayep dRaichRE trehdiRs
fqregg % dF | ed d scrletlon wi | | rOV|de t hose
COnRISFY B8 R OF He 5 {roUghen n EBmeu i Hrte Pigy hEcsror
i mpl enenti ng the exenplary enbodi nent or exenplary
enbodi nents. |t should be understood that various
7. chahgeshoddpr fzbrieasig s aisiess sahdnget MIQSnramigtor aompinsiemntbateps
of: 0f el ements without departing fromthe scope of the
invention as set forth in the appended clains and the
I egfalmasgulgvallesmrnaontdvexrlﬁogas@ﬂsceﬁuﬂoﬂsm&ﬁnatei . A net hod
fab % ﬂ%t [8ss ephan | evi c haVIﬂ g.a
chaﬁH‘é‘“g@@a S e R e ety gjode having a
firssaipd tandtag@ecdni@dget hod conprising the steps of'
etching trenches into the sem conduct or substrate
adj%%fiﬁaff BUreAmEl2 seegiddiench ére Meokmiteeduatermshuste, the
firsDRAEA Gl Ao i SHSHREE abAEH gl e Jb%@ﬂ? AEHLAEN fhe
bottom "~ surface; epitaxia FOMA filrst ﬁayer 0
sec@idGenhlagligngd svithiang pacoh erent fr<atl tlerseafnd eges pathie lfmtidrstdhbe
trenche artial filld tren h the fir
| a cgc%m?“y 8%“1%&\}“ tglglécr 4 Slié? ﬁ 5?8?%"'3??“9?18 si de
Eulﬁmlﬁtadietlﬁﬁ‘dsiaxeﬁacamidn@f@%d’hdﬂﬂﬁx@h lesarst B3R HabghitkiStness
rate on the bottom surface; and epitaxially

S“ﬂg¥%Wf%@”5“§E%dﬁﬁd}@V@Pcﬁﬁogiﬁﬁ“HaV|ng a second
ConeditAhi @ tefh arg:iee[ FRRL Wahd e $Ro Ehlaémstt %}ﬁ thcrt% d tren

concentration to fill the trenches. 2. o
aligagdawvith and spaeadeipact file tHe st @udd bre cwzcosdu Wstanat g cats: taan thc,

s TE B8 SRRkl of BB e el e o
theakmnghaammléﬂﬂ crystal dlrection the side has a (01

| surface orientation, and wherein the ste
of eg%ﬁ%@ LY PEGroeTanadaT fof PEEC hayingr epfskqoserptiptien o

gerrgdr@in Ofss 8dh Wit 1@19;0:‘1‘%&&19&{ @l ugthwtulﬁn&p%' ih 'tl%%u[ttﬁ)tiench
enhance epitaxial growh rate on a (011) crystal
and §gyinge second thickness sufficient to fill the third trench and the fourth trench.

8. The method of claim 7, further comprising the step of:
forming first sidewall spacers on the first edge and on the second edge, the first
sidewall spacers having a first thickness; and

wherein the step of etching a first trench and a second trench comprises the step

10



conpared to epitaxial growth rate on a (100) crysta
surface. 3. The nethod of claiml, wherein the step of
epitaxially growing a first layer conprises the step
of epitaxially growing a first layer in a plasm
envi ronnment having a potential bias substantially
per pendi cul ar to the sem conductor substrate. 4. The
nmet hod of claim 1, wherein the step of epitaxially
of ayelonyg o Grsatréichsmnd bagend veatrsingase fikesiddved Phcers as an ctch
§$itaxially grom ng a layer of SiGe conprising 25-40
omc percent germanium 5. The nethod of claimd4,
wherein the step of epitaxially growing a second | ayer
9 conprises the step of epitaxially growing a | ayer of
Si Ge conprising 0-20 atom c percent germanium 6. The
9, ”Etﬁ%%afqo&!)@dlmqls 1§ of E‘cﬁﬁpl%‘?ﬂpﬁlé §te£‘g1nt he steps of.
formng a gate 1 nsu veﬁl yI ng e channe
re@bunmgﬁamnﬁngewmgamewebeﬂnmqgﬁe0v¢mhywﬂgqhheggaﬁe
|nsulatorli 8 g ers on tE %
el e¥9gadle s D O gc%‘the% oWt lRGY CorpRiiReR g step of
ctclGORPEiUSeSréE abd R folfrteddioh D8ng E[ﬁ@@@ﬁﬁ sid@w@l'i EEhREB AL an cich
with the sidewall spacers. 7. A nmethod for fabricating
masgk. st ress enhanced MOS transistor comprising the steps
of: formng a gate insulator overlying a sem conductor
substrate; formng a gate el ectrode overlying the gate
[0.i nsihHeat@hod ¢fhdaigd, &urtleecimpdmgthyitag o first edge and
a second edge;. et chi.n econ
SRRV TSR T Grrettst i B0 B BRE 1R SRR, and e
%cmﬁﬁnmbhaligned with and spaced apart fromthe first
q} a first distance and the second trench
ah@aa PR siferal baees aptiedirstiedas adeonsbe ssandege, by
secérﬂ?]es:(fekxfaﬁtspggeﬁtiﬁoﬁg a se@RlR¥L Rk ¥ %e&étod% Be et tiSlneb AURT
having a Tirst concentration of gernmaniumrn
t hewlfereis thetstaprad htcam@ ajthird enchendadoitrtherankbl c,cnrhupa:sfes rlmtstep of
etchtir?‘y t‘ﬁcﬁ thI rl]1%|h§nc} (k ni%shregﬁla HSIH{E@E E?(%)Bcti 5&d{;\ﬁ?lk %Paf?iéﬁ%aw ctch
masnd a fourth trench into the first layer, the third
trench aligned with and spaced apart fromthe first
side by a second distance greater than the first
11. di stengehaddr il 7,Q4eldih E]%%{&%fbf‘él%]m&%? QM»@ h;b §mgst$§@96d
apart fromthe second sid e setond distanc
comprigeseip $terx P adpiiyxighogiond g @E@ o §iGagaerprisfingSiSa&d Haicng

pcm%msg%%%ﬂm‘ﬁ%S%ﬂ%#eﬂnt ﬂhg rs]tcgfof epitaxially growing a second layer comprises
the step of epitaxially growing a second layer of SiGe comprising less than 20 atomic

percent germanium.

12. A method for fabricating a stress enhanced MOS transistor in and on a
monocrystalline semiconductor substrate having a first lattice constant, the method
comprising the steps of?

forming a gate electrode overlying and defining a channel region in the

monocrystaliine semiconductor substrate;



germani um |l ess than the first concentration in the
third trench and in the fourth trench and having a
second thickness sufficient to fill the third trench
and the fourth trench. 8. The nethod of claim7,
further conprising the step of: formng first sidewal
spacers on the first edge and on the second edge, the
first sidewal k spacers having a first thickness; and
V\hectelmn;: t henditiep thd mehadnysngli §°clnl'cﬁ)hd&dt@fmtislﬁf&id§hcent the

l qond trench. conmp ises the step, 10 of etching

CMPI‘ FILESIN UHCHYISE SHlest awda‘f%Hk?r?heagﬁeh@gton@n# rclrbgktom surface;

Si dﬁM\ﬁg Itheslﬂﬂg}%vﬂh aSc@nd $ldnber E'EE@[K@ s&mca_ {(‘ﬁ RLRRA Aaving ga
claim further conprising g he step of ?orm

firss e pritagipg elvpubsigtionnl gtopvandiathing imheclf/statlh e Sﬂﬁdewdwtm

maRA%RL Big agg%nw cteeh{}?t 1eo{§i§ce£1b& tut%n% tﬂtg, f’sflif: 5%008?

trench &n rench conp
moecucmyatmgnd femiddniindot meadd havidg b Imellftmu[mebs Alo®NOB sds bithce

he second si dewa cers as an etch mask. 10. The
suf el SR ot %‘eswf'f R ERnBh s g A SHES SEaEd by
moR@IRVAING deh@eohiitibe rBdtel@MAhYing %%%&d %Eﬁ&eﬁnﬁtnﬁ step of
etching the first trench and the second trench;
form ng second sidewal | spacers on the first edge and
13.0N Hhen SRGOHNE| ﬂg!% EQ@m REGLD ?{ §i'liﬁemlt:le aps(ao%%lf&es the step
having a secon ness grea an the f1rg
of ftlhngtha &ssch itida mmhecn estafiimchmaet:e[rha@fng,atscdfdnﬂgatacd dvingent

ourth trench conprises the step of
mﬁéﬁ§ﬂ8m1ﬁf éggﬁ P &Hech and the fourth trench usi ng

t he second sidewal | spacers as an etch nmask. 11. The
met hod of claim7, wherein the step of epitaxial
14 gr oVicriRetBed gfictaim ’ﬁy\efhuG@dh«bmp@é‘syw@@s&ew%ﬁuctor substrate

COITﬁ)?IIQéSaQ(lh@IIIdCYySgﬂmW s of shisiGle 4 gfi whESH: G0 gtﬁébﬂ“ il9g %fﬁ ften

atom c percent germani um and wherein
ﬂmepﬁvah¢sbw9f@ho&ﬂwgmadseabndmbayﬁﬂhn@&ﬁkﬂeemgaﬁha step

COI](?E:HUSR(!) c?fxr%af?‘l]wal‘}furgr Yg\»\pegd)y a§5 @ﬁ? %vm 88?1 0(61&: ﬁwo&m 12

ger tﬁatmﬂh rmd tifagrhd @bor dodadrivagom stress enhanced MOS
transistor in and on a nonocrystalline sem conduct or

substrate having a first lattice constant, the nethod
1S. CONME infhif@ Jr&imt 8PSh@Ein 1 O5EP 1YiIBnO@E %eﬁéhe&?]ﬁéﬁqgs the steps
overlying and defining a channel region in
of filling the trench with a second monocrystalline semiconductor material comprising
SiGe having a germanium content of 25-40 atomic percent and with a third
monocrystalline semiconductor material comprising SiGe having a germanium content of

less than 20 atomic percent.
6. The method of claim 12, wherein the step of filling the trench comprises filling
the trench with a second monocrystalline semiconductor material comprising SiGe

having a wall thickness along the side surface of at least 10 nm.

17. The method of claim [2, wherein the step of filling the trench comprises the steps



nonocrystal li ne sem conductor substrate; Il etching a
trench into the nonocrystalline sem conductor
substrate adjacent the channel region and having a
side surface facing the channel region and a bottom
surface; filling the trench with a second
nmonocrystal li ne sem conductor material having a first
concentration of a substitutional atomand a third
oftmonocrystal line sem conductor material having a
second concentration of the substitutional atom the
secagxiafip soerys il PiGsdagisan b daetesrating ol gpmankay ol the
irefehWal | thi ckness along the side surface sufficient to
exert a greater stress on the channel region than a
st régEngex sgcorditriyechanto penfost Sisie atht savend eoricb epabad byt from
rial. having the. second concentration. 13. The
megg%ﬁggfJ?”cV&F%WTQ@“%ﬂ%?@Vﬁ the step of filling the
t r eapithxiayrpromsgssebhiel SGePaviad a bédohd Behckieutioh 8RSt
los A, TR0 (ystallyne mat eri al having a second lattice
essdBs g Airst cangenisziiontto fiHahe erndryensh. | attice constant.
14. The method of claim 12, wherein the
nonocrystal l i ne sem conductor substrate conprises a
I8. ronBeryghed ¢f dadmsli7, ivbemingabsepr of &lliag thewvecleiamirtses it efpp

. Gk 1 4 [ ises the. .ste fillin _
of Bl R TR s sEPIR I S G U RS R G L p i een
andelomaemd it @iting theateoge Lo wmpioéd thwedp byepHiaGell aviwng: SiGe
| second cancentration _G ermani um | ess than the first
VSR Y M RN CepBat e tROdYSORF &F1FF2, wherein the

step of filling the trench conprises the steps of
filling the trench with a second nonocrystalline
19. s enfifesribrst drclaigt i@r vagreindhpitese | insihesrehelviantpriaes the steps
of germani um content of 25-40 atomc percent and with a
third nonocrystalline sem conductor nateri al
cornpitingangoSilGe thasccng! moger ysadlinenesimhéntorahateriad $6th an

.than 20 atom c, percent. 16. The t hod of claim]12,
P P C RS Bl T Ty §TRIg VP FR AR @ B sidace in
confphdiddnng thet Bifoly BB Wi th a second nonocrystal | ine

sem conductor material comprising SiGe having a wal

t hiteieBgconreatigiam the wbstiutienatalont aat | east 10 nm
L L0, LAy MIGE S L6315 o
filliggpofithxiratdty growi ng first Si Ge having a first
concentration of germaniumto fill the trench;
20. A stress enhanced MOS transistor comprising:
a semiconductor substrate having a surface;
a channel region at the surface of the semiconductor substrate;
a first region of SiGe having a first germanium concentration embedded in the
semiconductor substrate and having a bottom portion and a side portion adjacent the
channel region, wherein the side portion has a greater thickness than the bottom pottion;

and

a second region of SiGe embedded in the first region and having a second



etching a second trench into the first SiCGe, the
second trench spaced apart from the channel region by
the wall thickness; and epitaxially grow ng second

Si Ge having a second concentration of germanium |ess

than the first concentration to fill the second
trench. 18. The nmethod of claim 17, wherein the step
of filling the trench conprises the step of

ger@Rhiuaxdonbdrtrag bWk GarSiheei rfl a¥inlehi@n GQTCERMHA
concentration of 25-40 atomc percent and the step of

filling the second trench conprises the step
21.0f epid @xialk lM'O@#rQPM ik 0§'c@ﬁn %g%b&gin@hcgﬁl g‘i Hrﬂf giGel_has a
concentration of |ess atom c percent . e
émﬁ@nMdemtmmmapmmngMMhan@mmumhe step of filling the
trench conprises the steps of: initiating growh of
t he second nonocrystalline sem conductor nmaterial with
22.an Tiepitiessstl MOY rawWidorIr QREE S | NaNdréig tanscaitiet@b@toddiGe has
growth rate along the side surface in conparison to
a E?‘H’@"‘b‘g’t Qoé?ﬁ?"é,@P’?*h%‘é[essﬁ%th HYMEGWESREr at i on of the
substitutional atom and epitaxially growing the third
nonocrystalline sem conductor material to conplete
filling of the trench. 20. A stress enhanced MOS
transi stor conprising: a sem conductor substrate
having a surface; a channel region at the surface of
t he sem conductor substrate; a first region of SiCe
having a first germani um concentration enbedded in the
sem conduct or substrate and having a bottom portion
and a side portion adjacent the channel region,
wherein the side portion has a greater thickness than
the bottom portion; and a second region of SiGe
enbedded in the first region and having a second 13
ger mani um concentration |l ess than the first gernmani um
concentration. 21. The stressed MOS transistor of
claim 20, wherein the first region of SiGe has a
ger mani um concentration of 25-40 atom c percent. 22.
The stressed MOS transi stor of claim2l, wherein the
second region of SiGe has a germani um concentration
of less than 20 atom c percent. 14



