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WD 2008/ 063543 PCT/ US2007/ 024034 STRESS ENHANCED MOS
TRANSI STOR AND METHODS FOR | TS FABRI CATI ON TECHNI CAL
WO-L@RM6I5@01] The present invention generally PEI/HSEE7/024034
to MOS transistors and to nethods for their
f ab$TRESS ENHANCEDMOSTRANPBTOR AMDEVMETHODS BIRATS FABRICATEIN
enhanced MOS transistors and to nethods for
fabricating such 5 trapsihstaf it h enbedded materi al
adj acent the transi stor channe ACKGROUND [ 0002]
The majority of present day i ntegrated circuits (ICs
[0001} o T}ﬁzmreé% I’W@HOW“‘U@D’ ﬁ?jatg ) MﬂSé{apqls§orwd to methods for their fabrication,

and |n{ﬂ)¥ee§a€tilﬁlﬂrﬂ%015eﬁ@s fid alesh @himeqt MK angdissdrOiR b Mkelidds forlfAcating such
wran ngdgd e sengﬂg:onduct r field effect
a stlsr“’ésn‘%' STors® T“ﬁ?ﬁ%rﬂﬁ‘%ﬁ‘ eérransésfoh‘gﬁavell\/t)s transi stors. An

MOS transistor includes a gate el ectrode as a control
el ectrode 10 and spacedBARGEGROENDr ce and drain
el ectrodes between which a current can flow. A control

[000‘1{-’I t'ﬂg:em@(m%] bfe;ﬁies&ﬁ’ da)I iﬂ@gr&@& @rc@xltse(%sg)gngmﬁgﬁgh{e@ |b§ u“fgea plurality of

ow of_ current I‘OU% a channel et ween he source
mterﬁ(ﬁlaecazfj gFlﬁ eg?céga(nf 8@& s) @@dgljedm@l %’%‘}?ﬁFf@ﬁ‘?"figfmbiﬁe‘P egect transistors
(MCBHHETs), besinplyrivers tl@ﬁsmdﬁv IAR@SOS triast@aicaitied ghtEl elbd@Bdeak @ control electrode

and %}%&P @H%J)Jrc)é a@ldn(ff‘z{lxg ?ﬁ chQs betv@% &’p(,q‘l da cltllrre ?c % g on?rglsvoita%e applied to

I NCr eases, lze O dev
the gais elegttpdeeontranetiy flog 0§Fuzrem ithiouglha qh@m@etwa@u@l Splycenlm! ¢ajn plgetrodes.
the mninmumfeature size, that is the mninmumline
[OOOM dt ’hhle)m}SlB(ﬁy b1 10k AAdReSHAMGr Bﬂdetvia@tmc'b@orh&j @1t e nitialfyNRreasing.
As tﬁ:e numger f’f %wce nﬁnﬁg mcrf:g%A\?]? %ze of 1v18?a?%g%gs:§igcrﬁ%? n.? §?S"Eé,°2¥lﬁ‘h’j’ an IC is
usuadin dotei\mnhesrmallrriuerfeatwmepem ﬁsohermmmelmdﬁle wiNlehi aritigtungihimum spacing that is
allovde%\{)ly Qlﬁ%lrgﬁglﬁsggQ§1esaSAsttlQ%errn€(§1Ulhctor 91fdus§9 ﬁllolle@% a mfo‘ﬁnuﬂl%ture size of 45

gener atl ons Integrated circuits and the transistors
nanqmgiess (Bp)eand, evep spaier; %P%f?ﬁ?ﬁfwetqﬁ dliyidug| deviges, degrades @t the gesylicof scaling.
As @W@eﬁ%ﬁﬁxb@ﬂﬂ%tegﬁa&ﬂ hﬁﬁilt@@ld&hétraﬁiﬁﬁbrs il e BRAVG Imple@Bnt those integrated
circugtgpa_ es1 ﬁegtelt Olglallof gbdﬁl LT.Iﬁ ﬁe9v1lbooglf’}%1 rc]:csr}e('elb 1fmal elew&s to boost device
perf‘trmem‘m stor, as neasur ed by its current carrying

capability, is proportional to the nobility of the

[OOMﬁj OTHet bérfSr&faﬁcE & ah I‘M(l)ﬁl %aﬁsfs@ﬂ Sds Sthe@dured I'lgnlﬂ‘etl:u-rrerlttcalir)"'-iné( E@Wlhty is
i.fudi.nal stress

proporuor'\%.)gp 119% tog },he m Ti y C&li[l%r 04 éhe tﬁlgSl% 6[1):111 etl _It 1%lanow tlhat applying a
longgwiing wes m/th;e dharmefiof erdViAS transistor s Bicreashitin melshttl heompissive loygitudinal

stres@gnhmles%é ﬁx%llﬁya&fr nl:a rltyQQJrlglsilo@p gnd% tén@iﬁqbdgﬁudlm‘gm%sts gﬂ{a&@ the mobility
stress _enhances 't ority carrier

of méloﬁtéff%‘i’i §lectr|0{:s Ités lﬂ)ﬁﬁwfior e)fagllppéetg glrﬁzm qeljongftwju@} @gxp@ssa'e stress to enhance
the Moty totl dd)lﬂ;alh mméleﬁes IMGS)I t28SstdrObye Bl adigy 2roi [R@manium (eSiGe)
adja%gmhL ltrg%l I n(S:JhaSI ﬁs’léoloﬁbré:gt? E%ﬁ Plﬁ(lr%w ee%négew (2 ts ralislg: rﬁ: es’dt lﬁtos‘[he silicon
SubSEI?tar@sﬁlesw'ewe aBh draiq @reas Gr@eﬁrartsrswcmdéhesmeqh 1@6@!@9 Py psing selective epitaxial

grov‘itli @ﬂ’lﬁ‘é'&@é‘ JiBR ¢ Mredsthg Bk %&‘ﬁnﬁhldnﬂ&dﬁteﬁtmth@ hilG@@nncreﬁ%b&ts&@E Gowever,

f the tra
oy AR RN & PR PG TOHG-ub BFyS WaT DAl e sursce o

he egrbeddechregipn, bpbonia@m, of Bie mpplaysilicie f@med anghe dnbedged rwpipn tameduce contact

resns@ag&t tgrt“e sg\frcet 2{}1@ d%ﬁ a%s afd ﬁn@r‘éé‘saﬁsctx%ss rgg(aﬁ‘c;nr(ﬁ% enﬁ%&’ﬁlﬁterlal as the
i.S not entirely successful as increased r%er mani um

trangigiy preliigogs dhe fofeSonventippat teps encopnigredsin fptieating Mgl t he
surface of 30 the enbedded region, aggl onmeration of
[0005he A®bdinglg.iil is désiﬂ&blefto) ppvienike @Rthb s dordavbicmoedreds egiaﬁlde(_l MDS transistors.
In a&d?t%“,qpis ﬁé%{?Jbﬁ% r0€1§e5 %gm&% sIngs %rﬁﬁcéi%bg f n@lﬁﬁr tﬁjart %ﬂi gle roblems
a ™t he embedded

areas, and incFeased Stress relaxation 0
attendgnt gith genvepdomahtgansigtqr f3beication, rFu[}pﬂgreqrg ©ther depimblpfnares and characteristics
of tieQpidéEn invéeniiad wilitbe@me QpRRINEET BEl subkbqieabdetadal deft@ptiodA@nd (e appended

[ 0005] Accordingly, it is desirable to optim ze

nmet hods for fabricating stress enhanced MOS

transistors. In addition, it is desirable to provide

an optim zed stress enhanced MOS transistor that

avoi ds the probl ens
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Furt hernore, other desirable features and
w@eb@sacises i stics of the present invention w || POETSI087/024034

apparent fromthe subsequent detail ed description and
clauﬁstleakapﬁre&ﬁh_&ldction IithOhe B Brha63f draWiadsy LSOO Tdr&@aib Iethnical field and
backg ofig78, taken in conjunction with the acconpanying

aw ngs and the foregoing technical field and

background. BRI EF SUMVA ﬁ&&é 0006] A stress enhanced MOS

transi stor havi ng enha YHYMARYy carrier nmobility

is provided. The 5 stress enhanced MOS transistor
[OOOGplTpAis§@§exﬂarﬁ&im09rﬁdﬁ$&toﬂﬁavﬁlgbﬁiaﬁc@d Qlajbﬁyicﬁﬂer&lmﬁiﬂfyfl.aﬁx@vxded The

stress ?l‘g‘lglcé\qﬁ anﬁlétor CglPPHS%S a S%l‘%l?Oﬁlglﬁ%r %\fbsérgtﬁ El%vrlﬂg raglfrage an? gchannel reglon at
the saridve dal 64t egiont df 8iGs daningeit gdromiunsgirsitrapdngs enbladiled inithgtsemiconductor
subsfrﬁgl Bl ffr‘é??egf%n Iﬁ%t tlQ)mnP Qgradn(%ﬂd Qgiﬁle &)rtﬁ)ln q&aacﬁﬁrtﬁe' cﬂﬂme] region. A second
adj acent the channel region. A second  region of S Ge
et iSeF Bevie e SefanGEFHRINTUIN CHFfERhiErdban dbe ralsisrmapiym cpppgniration is
embéddédih thg EfsnBgonEHAORCSEIR pbrabn Hada dréater BRREARE the BotomSortion.
first region so that the side portion has a greater
[000t7£| C.K %ﬁngdela p%wde rbor%::;[ét{ong] t?ers;[ e arné%iél\g%% Oacr)lglstlr /i\w%ggr(ti]agge with one
emb9¢la¢1ls P thg rinvertign, ahq:mtbmlr@@pwet fvrrmnea getﬁbbdtonemterlmﬁg tridedefining a

chariné &Wni iR, mdnbtBystiBhd %I&Qdmt')ﬂ SBshrath. OfAmréﬂ& Rvidath Qide surface facmg the
el ectrode overl mg and definin channel regi o

Cha"ae‘ A8 &Y et %CHS@%‘HediﬁE’tCE}‘}dg%‘HB%‘Waéet jaceyl ‘P? @’ﬁ'&‘ﬁ' region. The

rendhaivififlgl Witlsd deosimbraoestdlae isemjcdnthetor et dhvinged fidNcdneentration of a

subsﬁltug(rlln?lCLtolrrp}ng »Jn|?§ tﬂm%ﬁ&}[ﬁlﬁlﬂhé ge orﬁlﬁmr(ﬂggﬁlﬁ %L\Ql(g a secoHd concentration
trate adj acent t anne re

of the sybptiiongl atpm. aT‘@é%CGWd“%ﬁﬁ%@FW%%eQICPWdH@@@WF@ ewa@e&e'&wgrowr‘ to have a

wallREkREsk abnghﬂvﬁcﬁ Quracd duffRlentGO&eR Hbreﬁ&ls@éés &f théchddel region than the stress
that wglﬁ]g' %eo Lurfjeéit nazi mo?it c(r) maalpe ?glzén\llclorhduca}or m éeé g\%g%)%‘%g n?lélf)r%cgrﬁration if the
trenghfwag ﬁleedbmhsthlr@ mbnoermadlhrammml ?ﬂhre second nonocrystalline

sem conductor nmaterial is epitaxially grown to have a

wal | thickness algRifr dHerSTHN SETIRPRAGMIES Cl ent to

exert a greater stress on the channel region than the

ress that waul d. e by nmonocr.yst.al | i ) .
00RE *BR et T ST b et e SO e Flpyigg,dravine
figuie§, whérgn likememarls dvage ﬁkeleleedltsbgndwhereih hird nonocrystalline

mat eri al al one. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS

[00(bp00ﬁ}3 ITE] RludtfafeSi @r‘bss s&Y&PE EtQ&ed"‘Mbb trmﬁirst%ll zﬂ@tnt:tﬁgd slfegs for its fabrication
described in conjunction with t | om ng draw ng

in aqeprdanpeaith vigipas %’P‘%‘?“‘I"F'Rse‘)fﬁﬁl‘f’é?‘%f% a'Eﬂjenot e like el enents,
and wherein [0009] FIG 1-6 illustrate, in cross
[0019kCt FIOA,7-% tagtthee BB AFIGAOS-4, illmkigies inaitosa sedtioned keesked MESStransistor and

metlroggeﬂétf 1t£ ﬁg{cht?)ﬂﬁi]ag&lxdﬁbég r\;{i’tﬁ %ﬁﬁtggﬂﬁgx&bgﬁlﬁl%(ﬁﬁ éi'R_\l‘é%'gn,? 9,
together with FIGS. 1- illustrate, in cross section,
a stressed MOS transi QEEﬁuéﬁd)ESﬁ%’?ﬁW steps for its
fabrication in accordance with an alternate enbodi nent
[0010f tTie followig tdetailed ddSkripAdrliEmRerly StipRarh| 16}\1m[r86}ﬂ11§ nof fa@nded to limit the
mvefn%k oxot\% %ﬁl d:qgotn%h(l lﬁgs oq ?h% % arenngA % t]!xe‘?'mor;%3 {hﬁ e s n%xr\%%.ﬁ?natr b Ye f)ound by any
exprf:sﬁ@ oaprm]qe@: Heqry ﬁregﬁt@d ulsté%pr@ﬁedlpgq@clqmqq} digldj bsgkground, brief summary or the
folldwigldb\@leBd:@iptiédier e i s no intention to be bound by any
30 expressed or inplied theory presented in the

[00191: eclﬁgﬁog sta lllmge smcgnalcflef I el da1 gzg% r&% ulgtgn‘ materla? use liln the rsé’miconductor

industry for the fabrlcatlon of semlconductor devices and integrated circuits is characterized by a lattice

2-
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[0012] Monocrystalline silicon, the nost common

senm conductor material used in the semn conductor
w0 pabe®63sy3 f or the fabrication of sem conduct or PAEVRET024034

and integrated circuits is characterized by a lattice
constaglt, WDOM2R08 b 068 5HEn BT UBR Qbstindidg 0i3ds otled st dlitbn ina crystal lattice, the
size gi‘ tH@n@ﬁl’ltﬂE crth lhmheslbt} ée%&ﬂtaﬁt CXI§ lge%lhan %y IfS ulg)r %rlsﬁblgtltut%ﬁal atom such as a

tons ot 1an5||con|nacr alﬁ t
gem@nlz'@ agpm 15 reeded ¢ the tsilipy lathises thalattien @omsmt incgeages @ed e nstegsatin lattice
cons&iﬂﬂs Q@poﬁﬁﬂ:ﬂﬂﬁfl‘e cohdentutibPSr @R subktidSdnhi tatébnl @nﬁiarlﬁtlfcbmn%l%? Ehbstltutlonal
gct%rmn um &&E S 1addg to the silicon latt n ddi

atomy ?f@‘ PR PPUREH KPR {0 Phhcan laftice. figdatio sonstap decreages., hoca y addng a
largd sabstiiuG@nal apmnts tadost silicon partiopoeates @ bahprdsOvetshas aocipst 1tédeiadinadding a
smalpxubsttlnlgoﬁwﬂ fotd lﬂgslt 9]%@!1 laé’it:e ate@l tmlsh@srtnje% on {hg ho%t l§tﬁ&| | er

su st I tutional atom suc carbon atom s added

he silicon lattice, the I attl ce const ant

l‘"’lalec r'ééé‘é%“’“ thap nerpasipe e @grmium conght gherahadsled SiGe fnristies theesfressyfhat can
be ajipliecto hﬁSﬁam&l d)fla(PMlDS| t@hsistog ﬁd@ﬂ’e&:ﬁj} ﬁ&eaaedqmmib&@&if @josily E2SeF holes in
the Uga?sci)s:iﬂrr].t It is a?é?] l(()nsotwn éhatlchavx%adlr)w f:%ncengratg)P 8 a%ermamgm taP tﬁ tsslu}lei'lc% OP rﬂea cl:mbedded
SiGesmateriak avoids sémee ¢faket prbtigntsi thae are[ iGQMA@] byl 4 higls ghemanivin tdneentration at the

surfdc€1C ARG ks Havel 1En B TRAInILR SR thE liﬂgh %grmgﬂm@ dehetliratloh the buik of the
i ncreases the stress that can gi"l ied to the

eSiGepahiielowotriage ponesaratipn pfgewiapipm by &etfﬂ BB Profest rTéa@la;a arg gighed into
the so@bd dnd td;manfreaﬂ'ﬁtj e ltd'nysttﬁat’ thé exdds bDﬂhGSlahrﬁl ThOsettdafthes are then filled by a
proc:é:s(s) ﬁgséiﬁ%ﬁtvg %plta xial 5?0%’\4 X rf ?Tlg%on & rm?lar? ﬁ mtla t%h g)ncent{a%?rhof germanium in the
reaciaptifle diehishSp cansertpet (@PQS’@PU ﬁw@ng$ef§?@W efncenisasiop FiGle| Midgvay through the

epltaﬁ(ﬁﬁgro% Ryl e rcﬁrﬁgntrb%n &f I@blﬂﬁmgﬁ ATEE |réﬁ&hr§ QR E N te@bd Qrﬁl #d reduced
ace. de to achieve

th
concpRISRTGH “GER T U BORTERE FUET G P P B RIG pghuaton sie
undee By«Eendaidw gdrmarimvecoseentasicreSiGohgee atttheasmfam ASithogghnireaiaviteproduced by
suchbiypn;cbs‘:s‘ ato@deh ménpn)gle)qg RaSsitd bl-r a%lg%tggnmlggurh % Qentration at the

he source and drain areas o e t angi stor at the
S“ffaéﬁ?féhecﬁ‘G"e the metilin gain wasp gederthap we%ée egpested HghunffprmiyJerw ggjmanium
concéntrh@onpmbRieaSi@f filsglRrekicwe epitaxial growmh of silicon
germanium Initially the concentrati on of gernmani um i n

[OOIEPe In tl%%é&a?ﬁlt rg\l'tgﬁfo%egsetpn% ?(é\?’l%l%mgt% @yer Rﬂ% C{an?Bgftrﬂmlc(s) B’ﬁ surface upon
thb htes gfewiﬂs alkilSa?lbsegfﬁfbvwhm@yma@lm?esele%lﬁft:@mxvaégqowﬁ of fhe hlgh germanium

conc@:ﬁfafﬁi@@b"ﬁréf@elﬁlh@ gf(ﬁ@%ﬁme bf)tlto_%/\')f i tr&%ﬁ‘ H&ﬁ\@nc@ﬁ? gfoblﬂl rate of the SiGe
t al_ne unt i

ncentra 1 S t he
film P? g‘ﬁ %iewalés ? [hF reélah 1S SmweresP 1§%‘1|nlon]iy g r@ li:}yebcﬁ hég gmmlwoncentranon SiGe
on tleonieeails.r Biat prth&Sepiaxial groetdrprdfagngallyanacleages b e ggstatiinisunture found at
the b%@d?)pmﬁertéﬁdh(?ﬂheﬁhgﬁon tl?eys%rewﬂlt cr}sﬂﬁn@%&@rg el“heﬁ‘ %ﬁ&ﬁ&%etsﬂ?e film that

devi ce pr oduced Suc process avol
covers tide ! ftﬂ%th%/mrl%or [eangsh Mmogrl@aorw i apRly R SEFEY Al ichaRpel, and
the tBIOKHES Rdaliat IbSZ) the @bnvedtienal prdéeksaic ehsficidnh® aShiéve thetdBred channel stress and
desir&n\?%g]bllll ! ¥a¥ug nficcwﬁg’ncp \Qllttgtﬁee ﬁa}lguﬁ%emgc%iﬂ ITcl:eéltrS] tOIF tg‘_f m(\:')err])Foenp n%ﬁ taanmstor and
methgilser fapqxqaqlqgg;uqhhze dquce ﬁ@fprov[dg@ Mt] achigvet sh@“m@pnmmq:sabf high germanium
concBHu@¥nl3i G iPBERSioh {UPac O AV hRGhe TR B khe L:l@i}ﬁ%f stress and moblhty gain.
substantlally m mcs the surface upon which it

08508 b ST RS B Py s i

suchcamn¥@Atdewitd mnacBir@acepwidf eariemt eraliolliynegs ofvthefim@ntonheln this illustrative
embm&pmegtd Mfﬁ Je{"@é’]gd"ls qm.gtr:n:%r\%ea guré?e ﬂElQMWehMb@t(?l\\;Iveg) {renlgstor An

Il mon the sid rench is

’“‘eﬁwé"é‘lﬂ’f‘ﬁ"rfﬂm%ﬁ% pigpssed W?ﬁ HW“"&?%‘F“ ?ﬁdeﬂ?eg?ﬂ C@’b‘f‘ﬂ‘é’ﬁ i3 dasge number of such

concentration SiGe on the sidewalls. That is, the

epitaxial growh preferentially nucleates on the

crystalline structure found-mat the bottom of the

trench rather than on the sidewall crystalline

structure. The thickness of the SiGe filmthat covers

the sidewal | facing the transistor channel is the nost

inportant |n appl y| ng stress to the channel and 30
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nmet hods for fabricating such a device are provided
that achi eve sufficient thickness of high gernmani um
w@oseesent i on Si Ge in the regi on adj acent thePChEs2v67/024034
to optimze the channel stress and nobility gain.
trandi®d 5d rdyGBo intlufe unktlesssd PMOR trarsidtos rafdb SreS@ICAnt Ofibtresded N-channel MOS
device 30 and nethod steps for
(NN?E%E%%gg]QSQHSS such an MOS device in accordance with
various enbodi nents of the invention. In this
[0036] | u¥eriont jtepe in theriverdfanwistol 31QScipguPridDs welb iop@ agso in the interest of
brevlltil | kb § Ecﬁ“'éﬁgonblyste@s sling@lyee meﬁtMieﬂMn( & Mriﬁ))e omltted entirely without

I sto r at d circuit
providiRa e 3 e oot LB e Fioud BE P suBh TR PR defers o a device
havihgx getalrpawrielectrodd ang e bxide-g3te \EUIZO0 Biat0GRB54B be used throughout to refer to any
semF gg{lclt@%gf(?cg hgglﬁg%s a JO(]&]I(?&\JC %Etg El@c’t (?er}g'he!ﬁ%y 13&!31 %Pothé? Q(Lnulgc?lve material)
unstresse MOS transi stors an stresse
that ispesitiqnedsQuer angate gy pien (Wiathsr O’K‘NWEB)‘“W‘&%‘P whigly, & g, igyeqsitioned over a
semicOHAldadr s\bafateoUs steps in the manufacture of MOS
transistors are well known and so, in the interest of
[OOIELm” toﬁlgs a eF?? an ﬁngtlmlear?unacloufe o&ﬁ Fs)ﬁ?es%eﬁcé M(g)r% t{a{lQ{S aorg fn arcceolrci;mce with an
embpgdiménd of the @vm@v bmnﬂ @vith Ipeovidimk a skmioeaductor oebetsae Heinaind gn which such

tranﬁdt&rh&ygt}lcﬁt@@ Fhe §riflal %nqge\@hlﬁi@at1095m@§ Irdhsibi6f BraR ct)lg'eﬁnonal and will
devi ce havi n% a net al ate el ectrode and an oxi
a

not by dg§irfedbir, dephat i %’F‘fﬁ)%“‘ftﬁ’r BReURie SPHHRDLY RGP S’t“lﬁ"‘f‘%gaé( fne a (100)
surfice ceystyl or@etion OMEidiit e tethe Vsill@n tshi@traté" Nl UGiBSn dayer" are used herein to
enco%-%gsg qug le{\glgel eerpfﬁllgﬁ%'iaﬁlglg %n&%@&l‘ﬁ! J@Aglclfeé) {I/l etlsr%tsgrglcon{iuctor industry
as el gy pikigop pdrfiygd etihethensi¢repats @vch @8 a@mamtws Girbgno iy tbvhl!ke h Serpigonductor
substrhalé B6 wilB hddmakidrl 1R NEekrd@Mé for a:onvﬁﬁgﬂc@ Qlﬂ dﬂlﬁ&@ Nim%htd® b @Lficon substrate
illustrated in he manufacture

f
e g M s TN 87 PP b BT i coud b
usede niSdidonaimitranf 36t may ibevaeti sificob egifersnati dlstrped)y bdi pagferably is a thin
mon%&{;gtaﬁﬂg de‘? Bﬁfhc%%h Erﬁhﬁlaﬁ% l!i)@r @Qg)n%n Xl‘ﬂﬁoghas §1H&)lﬂ -on- 1r1%ulator or SOI)
transistors are fabricate he 1T niti steps In
that,£ip BT, SSPRPBTFISY 2 AT RERET sﬁh@rsﬂw ayer 3 GpicAdn has dribirknesp gf less than
abow20d nandﬁﬂtersbﬁn)die[&ﬁdlﬁgbﬁdhei cﬁcuﬁieﬁn’aﬁdn bexﬂ-@ﬁp&aﬂﬂtéﬂom GCdefdin applications

pref«zrﬁt?)gy(s)liag 9 1ck1}ess l&gs t%anearbalgF ’ﬁle thn% sqpcoﬁc’ llfi e§ %r[et%raﬁ{ Has a resguwty of at least

oFi ent
about §4p |Qbmrve1§m§m rHteeﬂmalern besimipindty ﬁone@yélpf N-type orulsefgle but is preferably
dopdAPLi§deN DleRctliSinQMENRRSS, tyficany Silich a¥Silie/ petdfaBly has a thickness of about 50-
nmonocrystal line silicon materials typically used in
2008Re seni conduct or i ndustry as well as silicon adm xed
with other elenments such as germanium carbon, and the
[0018] k elsol8mnregomticitedprmed thiykiemt tero@h nwindckystalBinessilivad bagrr 39 ® dielectric
msufa@rtgelﬁ)reﬁ QO t?he 1Qﬁat1&PQ¥1§rﬁl a?@&gferﬁlﬂrf% fo%édr\g%ellllénw ﬁglllo%reﬂcch isolation

[con substrate  alth hose of
(STIé éaﬁl?%?fdﬂl Whigh trefiches qu‘che&mg? Bienosty galking silicon: Ipysy 38 the trenches are filled
withS2dTt1 €012 ChbCekiflr sudiibds @Eposites s1ﬁ@)|d|dd)x*ae andJﬁleéxcesslsihbcithbxnde is removed by

b
cherﬁ’nﬁp%tecihg 1%al ésnarlzg QEM% yll 1 l[rﬁg)?ns Jﬁ8 prov1ci’l]va ectrzcéx 1s8at|on as needed, between

er a
varigpp eiqeyy off thd ¢ltcwethhtaeyfe10 bofformpd ingeamoc@Gtalbine sikicon tayerl 34t iBither before or

pref&rﬁﬂyﬁffteﬂf@orﬁ:ﬁﬁml Sﬂ‘ 1 BOW, RRct& Hoiu@&r?of Sitoh R BALRbe | urlty doped, for

i.n orted a carrier wa
exangl b AR G PP g ROBTC T 57 e dmpioe e S g for the
ﬁmka&somhaﬁhmammmﬁozoo nanoneters (nm) dependi ng on the
circuit function being inplenmented, and in certain

[001@gp| jAQ%EH c@@§te mEUla@d‘r%ﬁ ‘?s%%e@@?‘su?faée%% %}(Bﬁ,‘%ﬁ’ ]ak@sﬁ a§ nasri}ated in FIG. 2.
out thin silicon |ayer preferably

The r2ale Iugfl?t% rtuy' bafthegfnallp' groan siligony]igxidg f(zmle ee@}gttpen%ltcg? substrate in an
oxididing agbiknt 000 Mag Bda Mpositeridsuiatoy sudid psekilebit bxide, ddicbiy fiRid@ra high dielectric
P-type, but is preferably 2%4.doped P-type. Dielectric
insul ating layer 40, typically silicon dioxide,
preferably has a thickness of about 50- 200 rim
[0018] Isolation regions 48 are forned that extend
t hrough nonocrystalline silicon layer 38 to dielectric
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insul ating |layer 40. The isolation regions are
preferably fornmed by well known shall ow trench
w0 s@Bacisan (STlI) techniques in which trenchesP@r/es2007/024034
etched into nonocrystalline silicon |ayer 38, the
constahtafiala@ssuet £ }ffxiSi d)zed tiQikev Ddibos’ie(ﬂlinﬁtla&ﬁdcﬁnil e dapdsigad iiditno Galfbnner, for

exam&f 09){ gne%cgle\gl%osr de Vpo dl?%’l &lVB?: low refsure cﬁwtca?%(agj?rsd%possfnon &(}EVD) semi-
atmagpharireaherrient vapor deRIvpn (SS¢VD} ergtlf@ms en@icesbernichb vappralenositigePECVD).

Gate' I%Qiaet $00perfiushRELRY thenew@renn silfc@h hig& @em %§w95n1§ Hsurface 56
rcuit that are to be forned in nonocrystal

o i bt e Bglae ey SHEREPe- B hSRErS2pd Gopep o tickness
of aoalI-2 @mt i@ BecatianteheitiSohk eﬁt&@llrﬁﬂﬁqf tieciheatioad 1per ofi gal lettfode forming

mat 1al 553 gp(t)ert!er%lg?}yp%kfré%allcne 5111%% is %gsneq[ %toql%q%% (%f >gzge msu?altdr n@éer electrically
cond@ane lsete icleptede foymide matdrials suphes fnetals tahe medi5sikicidey imaynakshe deposited

pronlﬁng BMX2telifl 3P Rde Bmlth?hgprodngtg Mrnﬁdaﬁ%ﬁ%ﬁn of thddRteSsary threshold voltage of
nsul ator 54 is ur f ac 6 of silicon

f
the tsagsxsécg § %?éete‘leétlr(éla rﬁqm;:[néerla; will hﬂ:eéta%eélb%refeﬁgqﬂo & Bqucwéggllme silicon
althdogh thbe rqfrahll yn Ok @uwils rdcogniae theli @belr cratefidy cadchish\pe R@pibyen.q If the gate
elect&dag m§tlajia|l & g&lﬁ;ﬁ%&! se?lfcgn kth Mrlﬁleg(tggeaﬁg Helgos‘rfngtt) & Ht‘icéne?sr of T5d¥t 50-200

I nsul at or suc I con
nm agl PfFfé@Hy Fot athipehess ofzabeit 49 nert by LBEY Piby the hypiraggy rodyogin @b isue The layer

of pag{/smg@médﬂaéggiﬁrab@Qﬁéﬂélﬂ:ﬂtas |uﬁtﬁ)bédaﬁo%ry|§émr|3 s#on and lS subsequently
at.ors can

o SoBtQ o0 APINBRR, AL o gk BYRDIOLcol SRRy alfon nivide i
depoa@p over the polgdirysiatine (1®dﬁ)}ate dlaginpdo femmg meteddh efhiedakr of ajpsking material, if

sﬂlcgter{i}g&' Ea'n(BQd lasp QV R)r exaﬁ’nﬁlg‘b Pﬁé@@mmngss GMBBUt §(§i§0 48N the reaction
deposition EV o’seogéf asma enhanced chem cal vapor

of dlﬁ’éﬁﬁ%‘?'tela%a én tpﬁghylgtubqersgad tih§ o}l‘llérrdéelectrlc materials other
thanisillitdASitttid c@be @Spodted Haticmadd Imdskgiatvi. Si | i con di oxi de | ayer
t hat grows onIy on surface 56 5 of silicon |ayer 38.

[00231:6 Qsaglﬁlsttagﬁ ][ enét) eglece’l)del t%rrrﬁI (a"tg'liall %8 ]a%'\d" ngrlam ;js nﬁzterial are

kness an Khess
photplithographigaBy; Wera?ﬁica@d oiched ‘Oofﬁ@‘ emmhcmw @ferlpif by the herd mriagkrmaterial.

The @oly@%ﬁnm@gnll@ﬁlhﬁi tﬁ'e@ﬁ‘édrillomg désﬁ)é'dma(f&n b)n'?dr Qfdr@le @ﬁ;ma etchmg ina Cl or
stalll

bl
R e e o e eI st P oA B, or s
chenggiryd Uit wieg giatpetteet"eatf riedgtef dechpdaginnmtostancgl vethsane lembgliment of the
inveltfoh adl tﬁm EH}Q: dl%tf @llcoﬁ 'oluh&fs qﬁtﬁnan?%o@n §xpthp gppqg&%eoﬁg 65 and 66 of gate

rOV||ngtenaer|a b or wt r rate
electir()ﬁlb 9?’ i Tli; qffb ﬁiuﬁegcae aﬁvegélelck(nﬁé f?fé(‘,@%f’&/abf’ﬁrz rﬁrb e formation of gate
electvdlt 6AgEnBa cldine Fegioh 6843 SHaSfoRton atliesufat 6f wBin @ititdnOGer 38 underlying the
gate el%ft!&lp gl’r{@r%lﬁ§ rltlthS? ell 1|(s: gnﬂe%reg I l{)%f LﬁLO] @rﬁsoteg glr%:¥l$nssg| If F culxaTént flow in the
tranStswe “alt 1be Wi e [HOE eyidl Adreqtipmt Thip Wé\de tPxEretdi RipVades arlingy] tg peparate the

polybtSstAIR kiB6a date didctrbde@ro@litBequédl LEH SRR pAB S Fnin@ Imaleals.
pol ycrystal I [ ne SI l'icon, that rraterl al is typically

[oozqu f ’ghrea ﬁl accordfnﬁ:e wknsn§ grgltoldfr:rlnbe totf he @g%nrﬁogtilnue_sﬁw%ydepositing
a laxeh ef dilicor mg@n or etbku gpacey forming Matepisl énot Thietraled)yaad anigpfropically etching the

layepel s Jﬁteal 10 mrlmg{ thnQRyef 84 BI GiicBH ehhyo,de;nessd SHWAR 65 0 66 as
undope ycrystalline silicon and is subsequently

1llus}rziﬁ51d? FI[Cy d’&lﬁéalcwltp%a)iehﬁ Fg’ﬁi“ﬁq ioéﬁhICkAeSF gfya@?ut 9 ZQQétptdpreferably by

LPCNBSKingrdit ibarosiline il arohia aﬁeﬁtahtanye sidéwallispacedOdan B¢ AnlisbEbpichlBy etched,

for eQ%gersﬁ Qtl\g\'l&{ etcthntg [gm i YISQI{ yas‘élf’ilI tﬁ% cﬁénllgtr?'oﬁecgées%2 and 74 are etched

into H*atSétCPfdPyer Jrusng A 84 slpqtra@e G canshs e STagks ety the sidewal

spac&X &HDsle@ as ahytc}PEQV [helreceRestahti sakzﬂ@ﬁeﬂ tdide@NRYS and @6 5&&3 Rlectrode 62 and
em;g he r eact.ion of d|

to chﬂ;'nos 08 an are spareid aPart f{()ﬁ'l afe ell tﬁ%s hyn ggeltsq%n € SU%S?%H n?ltry] Ie%a)‘uia]ht% I;he thickness
dielectric materials other 4han silicon nitride can
be deposited as the hard mask material. 20 [0020] As
illustrated in FIG 3, gate electrode form ng nmateri al
58 and hard mask material are photolithographically
patterned and etched to fornta gate eIectrode 62

.
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HBr/ 02 chem stry and the hard mask can be etched, for
exanpl e, by plasma etching in a CHF3, CF4, or SF6
w@ehb@sielsny. Fol |l ow ng the patterning of the gaPE@I/US2007/024034
el ectrode, in accordance with one enbodi nent of the 25
of thersidewdll gpacersaastifiidated dy @rrov4690f Reeskds JOrand %4 @@ ahiSotropically etched, for
er, | | s 6
exantl bWAaFt}e(/g ?‘5 oéé\glmgg %519 ?—ﬁir@ Icl? m%?ﬁ@& Vle? oﬁﬂ%m 4&)0 %60 nm as
md“tami Ok precys 75F A leeska il Pemompf dlisentayep 3R isreft bemtath bpitanneurfaag 76 of the
trenddbs. gate el ectrode 62 defines a channel region 68 as
that portion at the surface of thin si Iicon | ayer 38

derl yin at e eIe r ef er ail
o933 B Sy 35 T LELEEL 1 SEROT s
surfape) 76 @ mibsthiitialy parall¢l fgeand thasah]fssagt oystalotidntali@n as purfatee56[of by silicon layer
38. Ciaro}féﬁ ﬁlrfagl o &faks 'll%lon%ql([boggr&s%@ p'a@ey %ltl‘fsfhalgl%loéél &l@lﬁedQH a [1 10] crystal

liner to sep arate cry stalline sil ICOﬂg
direipR g g Erhres 1 IS8 é&ﬂ@%‘ive@@ﬁ&gwt@aur%ﬁa%eﬁhe Hidsr AT i along
(01 1Verty @41 ipRheS . In hddOtdahte WilteanreaibéuRsknt 6F t@ecnﬁ@ﬁtd)ame@hwm Iandmeue filled with

embedﬁb cp gb”@? ‘Jy a seleicp ive elp{t]a\)/(fea éroﬁtﬂ (r:o%g]sts i ntupe}gvmtgy lgl ?eh érowth ratg on a (011)

on n| e ol r's
crySfablrlm mgn rhaig@wthahte emot109)crysisk plane-e Ghe salmﬂvmny@ﬂ gromhclactléagcs on the

side @Jrﬁws QQWJIIQ?on th@%ﬂBm E&faée%m RiPRE S’Bﬁth 4 dﬂ\ﬁ%r(bM [Ingw EJ?;' b@ achleved in
i1icon oxi de on opposing sid

k"O‘B'B “‘é‘g’e’ PX P‘U?t"fga'théé“’ww gopgitions S“°1“h"é f§‘1°1a1‘tch’r‘f’ ﬁT"thhi B@Pe“““re growth

presfudty @fd ths likbeaosy the epitadal @rdwili ekdi@ssedofor ahagle, 8OSRISTTIVE SILICON

Epn%?sf SRBUMERYATON R éﬁ‘ QFQJ,R ﬁf’oos'ﬂaf"@h%u&ur P, Schroder, D. K.
gC'ET‘S_W:lTIlb'E'

noni a as reactants.
Jou'afﬂ o8 the Elsgiraslamicg! Seriethed! 20, lf iarMaexléfﬁ; |pé6b968r daitaxial/gsovth nf embedded

SlG@fIZGmoﬂtglué(ﬁ)l) Ea)rmally' ﬁll H&clﬂ:s & OI ascl:lll'lu:t%téahremsi r%bedg?%&ﬁ@@ &56is grown
yer usi

w1th Szb glég rcgnc%atloa ao? egeré)]agxgxp,r Brafgraléé betgﬁedi ageﬁt n22§8 a’ig)ngc( Rgscent ge manium.
Embedisk §iGe B2 cznaygian thiremanalegiasl a thiskea taper 84 af the bigke ger@snivam concentration
SIGELF Nl Rics 1 8nd! RFERERR: A6 Bab obs B beBAd e S5 APMRDR the nigh

gate el hanne
ge’"&‘f“émﬁj‘&“é‘bﬁc‘h‘fi‘ér‘jﬁ syriagsp § ar‘i‘é 8‘@’5‘9 éthéF“@éstOf 6&%5‘69/3%1“"&“ st ance
substantially equal to the thickness -5 WD
[0022D 08713632 dpEakiaUS2OM £6MdRibMk3de chariged fo@ediidedtBM@IrhanBpa6@¢ng and the

.rema"ilfﬁn Sp%gfog Qtttr% thy72%{1c{ ﬁtv%e fﬁgd Wﬁ']e C% c%cen?ratbon embedécid%rée 88 as illustrated

tr opl ca
in Fi}. éhi lhg‘erema E)‘beé@ﬂ $ifeaB8Hme /aazm@m@mcsqcrryattoo of, alphestof-A) ohmic percent

gernﬁblﬁﬂrlt TARKDest0 Qnd W aitSthus iiNEH vﬁﬁ\teﬁxgedbéﬁ Sitid IQWS% zt7 érgk fhu (%:fﬁl%ﬁ Lermanium
enea

orti con is._|
coniHBER siisesdicing fmne PR p BB B @R Grgon
72 and 74 have side surfaces 78 and 80, respectively
{0028 at Infagrodans b aithefurt@8emtBdimew of the invdhtanaheAGudtuges illustrated in FIGS. 5 and
6 are %&E@@tﬂyaépktﬁlm?rgﬁlwllﬁl hlglp g%nx“@%oﬂc@rﬁra%@n&&&é& ts%e in a plasma

orientation as surface hin silicon layer 38.
env1§81lnfnb mtgaerrg% ('76 s*l:ﬁelrgla ly %eg)eaqlcdlhag to su(fzfeé?) Qf)lte?%aé bjas. The epitaxial
grovph arecin théivedicat higdanl thai8s OE ig@mthedte ioh batonlstif¥dce @6, Wal 84 reduced by the

C n Jo
plasn‘t‘u Et?h 50’81?@18 ar ft§1jo (%ﬂ?e? g{l:%gegi()f }%'}]1 éergnm? gm é(l)’ln??n{ar%lé)g Sl%e 1?’ grown on the
side a‘FFB‘PRj the epitexial prowhyegpdifionptaa e altered (qtedise ehargeramanijin Fonggtration in the
low @diffﬂﬁﬂln{%ﬁ&ntﬁfloﬁ d&ﬂloh BB tech@eflll RRGARSE tHedo v BimafthinAdoftent portion can
b ]hed with ] the“fge Si Ge. 82 t%yaselectlve
eaccom‘f axi &l erg;;vr“owtr A o¢dsE™ HAr*B¥8vi des a hi gher growt h

rate on a (011) «crystal plane than the growh rate on
[0023] ( 1DO¥cordanes pvith a firthereemboidireent of] thecinyeptéon gl desired erld repplo vk drsurface of
low @Mféén@ﬁtoﬁ%ergﬁmﬁrh glGeSdnﬁi% SWEIEIQIS; QRickARal NG ﬂlghag%m{mluﬂlh:@ncentranon SiGe

urface k% 3\ gher romh rate on the 11
wrede'n

alonéla éﬂee SLE 06 a tr ?:CH SIWG nellrﬁ)neﬁgrf, a gvatg(ﬂrﬁgfnin Hl@ clzanne] than
wouldhte eguriedvbinthe adietraping conreliraten Si@advmris achiead as glomated in FIGS. 7-9
tenperature, gromh pressure, and the |ike during the
epitaxial growth as discussed, for exanple, in
" SELECTI VE SI LI CON 15 EPI TAXY AND ORI ENTATI ON
DEPENDENCE OF GROWH' by Rai - Choudhury, P. Schroder,
D. K. Journal of the E ectrochem cal Soci ety, v 120,

n A NN o ~ o~ ~ NN
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SiGe 82 is continued to partially fill trenches 72 and
74 as illustrated in FIG 5. Enbedded SiGe 82 is grown
wWowak/0e8ss gh concentrati on of germani um pref eP@bUF2007/024034
bet ween about 25-40 atom c percent gernmani um
takedfoeet@cieith IBG5A-48 The @etmdfin detordahde Svitenii@ibodigénOufBhednvention begins with
f, t nani U tratd.o .
the sangé %&)gelu tl%%g E‘n(fe%éss 3r4f éxg :llsull?%la rgl-gE‘y trfrﬁ:ne]s ?gn%?? a1§ éefJ{ll (p l{y selective
epitiabaravi by ib‘e‘iet Yraf sigh g@ale@lwwqmt@flmsa@ft yretehlély labay25-40 atomic percent
gern@RiLABNI UM content Si Ge on side surfaces 78 and 80 has
a thickness of at least 10-30 nm [0023] The sel ective
itaxial growth copditions are cha d to reduce the
[002§£ Inﬂﬁtho amv\%tﬁf %y glﬁl&ett qo,?gosmp% ﬁ‘éaiyﬂl ﬂ?g‘%b"&r“{?‘f g)enordjlther spacer forming
materinlgng flmstra@d) caﬂd'méétheagm efettiole6, villdwhall a)abemﬂocoﬂeabddﬂatslmo The
1ayePJF9 g% ?rgtel%h %’1 b%g ;ﬁ?ﬁteb lo aL{l?izl{ang 8fjat lelaJ] 16: &(ﬁlm ?lre aLti’lCX’D The
enbed as a germani um concent ra | on 0
layeracrf Srieer qatorpl rapisqtiepigpdly et@*wfl formxagmpterhy RIE 1 form ddspplbspacen 92 overlying
side@dNChpabdrs @0. En Brhd.ltSrnﬁtb Jad'ntii‘)ﬁllm‘éhtt(rtbt mm@@d@ﬂev@ll%cé}ﬁw dafybeéZremoved before

deposmtlrégethe IVL\P?e% (l)f speacer ]maatgllrnarl] gl%gsgaggrlmgafpng%gn thgsrltg%}ofag% %nea? oqf %w 30-40 nm,
and gergtresivie vt spaerdavingaghickoess of 0G0 Bd eanl be faweab Wdam@rewwxdelwalaspacers or

one i‘hklﬁetr tﬁt@crwatﬁ Eﬂa&q h:@ﬁé&& tlede\baﬂ sbefc‘.é’r@mgﬁ@g%ctr{;@ anli 'S’T'lcatré{fs&isas an etch mask
ra In

and %“ﬁF'F%& af ?‘V’“‘g“r‘%eﬂ ‘H‘@ eﬂ?egiifdéb%?ﬁ?ﬁ e e ok 94 and 96 canbe

ech@irdyeeicd iobietcBing 0 aaielp)h afSdbBut 1B08/hnk @Y iAEGAted B lirffowedsY a¥enthee94 and 96

are sglk%lgned td (%ﬁl?lbﬂ'él%@ d?ahe zg:gale gxg {P x &uﬁlanneltb&'tt}%ur t? Cf%he sp% F]rgs) as indicated

byaV‘é’t‘Q'/‘l cal direction, that is the grovvth rate on bott om
surface 76, wll be reduced by the plasna etch

(0028 MPANA (kkrated S tFRG. 9atr@’1@l§:‘s DL chdtdd ik BARS WQF‘I sellcGNal g%%mw mnamum

concentrati rown on the side su
concGAER a5 0 PR P SHa AR co TGRS Lo B0 e percent
Similah® tiggepravm anpdineme drtmsisioolrs k fpwtdaenanilug worgerrarmn Si@surface 98 and a

thch@Qﬂlccﬁnﬁgﬁl%thurQ %Jcén@ﬁhogf&den@cutgr &%Q 6rSef'I'h!: ngh gngMJ% &ﬁ]centratlon
| ow ger mani um content portion can be acconpli shed

SlGee*}af RS HOES i DT Hise op ths Shagned phher AT than gould be exerted by
the 150 §2bdniumtoenfichadiGealone.t h a further enbodi ment of the
invention the desired end result of a surface of |ow
[002‘3]"”%1%5@ nllugl?aqeqanll l“gmlc§lre(saelll (fam ng S! g'a%@ ol é/antbl?:l c%h‘npleted in
ger mahi um concen £ On
convggtiggal %Wbc@"bﬁ""%a‘t fephipludeater ﬁ@mplheemqvaﬁ§ldswa@rsp@ﬁaﬁ@m afd 92 and

replzicﬁg ﬂl&lﬁ Rwlith a sﬂg'l@l@etrrﬁzfnerﬁ til&af spater.t e p@rtﬁ@ﬁﬁﬂﬁdldetvm%aceﬁé@iéluged as an ion
er mani um n entra lon

il S5 R SR T BHoPRY 1 s e Sl oygyer sie o
the ARCELOES BABMPOICUBRIOBH BRAB3For & AMON ttaiyet khe condiidtiity ions can be
borofr lo% Astiofe of Ilbl?m m%tah Q/i:il dnﬁ‘er@a“ﬁg %om%né’\éei:d? sntléuaﬁ spacers can be used and

embodi ment of .the invention begins wWth he sane
mor“s‘f"’é‘ﬁ@e op jmplapiatign Sap be qarpigdeg to qreaje sopge and Prla@tertgtﬂeaf freptephplg implants,
set thfeshdld em@e@d?lﬁ 1i8d) OThé 4idewal spagdfrd dah &16b BRYusca@d @k beWligned metal silicide
cont%:g I’%J(j-: @n tsorf% acte ?rglgdl\%b égnsaA 1 rr %ftﬂ? Qlde {S)rml%gga%aq Bmg)tsxteld and heated to cause
the il cersct Wierinesd tiligon sr $i0e @GPrmrh wetphetliqidel  Metalt that isenot ipygontact with

expoRddamnik&t sudﬁi@ Q}‘éﬂai thdd & @pds@)ﬂ 8h thekidSdall | |s&1@é?s Bite!STHEoeP hrot Rl @R can be

cer formn 0 ted) overly
e RESCIRAT BaTisha! B0 Puich BRAOEE o i e MO8 i
strese vipe ke df, 6F GampIp, strasked silitcmynaridegfiay Qpaﬂpwtedmfbrehq g@te eetrpddand metal
mhciqg&)géét; %ﬁsﬁo@oﬁtt@sﬁ&pﬁﬁﬁls Q)ilo@d bkl @e%&tmo;ll gf ﬁerléEHf‘c Ilja)ﬁer Jlﬁgrlzatlon of

exanp 'ayer of spacer teria
the dé‘i‘ﬁc'é‘ﬁfaV ?S’p"i“% gifhing Oéfoé’ﬁ@&pe“f"ésr‘hr@&%ﬁ&fl dé’leﬁ‘?C fygeto ‘f“b‘“‘?‘% Fijjgide contacts.

sidewal | spacers 92 overlying sidewall spacers 70. In

an alternate enbodi ment (not illustrated) sidewal

spacers 70 can be renoved betore 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 fornmed. Whether two sidewall spacers or
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one thicker sidewall spacer are used, the sidewal
spacer(s), gate el ectrode, and STl are used as an etch
wore@Rk/063mdl trenches 94 and 96 are etched i nto PobhEseT024034
SiGe 90 as illustrated in FIG 8. Trenches 94 and 96
Elecoigal cheact @ttixrsedtcdoand ﬂﬁﬂn(ﬂigﬁm@ cdnQlien &t @laderty chdacaplo@Périmedin the contact
rrow 95. Trenches 94
Opﬂﬁ%QHgg}?ggnggggﬁ(k(ghg gm@%m annel 68 and are
aced apart fromthe channel by the width of the
[007§£ac"'élpe( @jeg(ag PRRPHmgRtE é}aveblverapf Fghordz fo:[ @grchﬂmgpgress enhanced PMOS

trandldtdru Sﬂh’ﬁﬂiﬁ e,emd)da cdnl b@usea to ﬁllffféﬁ@ ARS elthnRO &MY tﬁﬁﬁtd?ﬁﬁdd'tﬂle&ﬁbncatlon
er nan

of elin T %trggfl?r e {h&uc)l/ c%l . 8 1gnéelg g%ﬁ ylt%rgvtlloﬁg?o%fggg?t %ﬁ@)ﬁ] mtegrated circuits
inclgigng detht stressddomnd hstreds@URMQS 20 MMORit@nsp®rsc eifabricatioBi affial saess enhanced
NMb® trgrﬁﬁtop rs%}fﬁ ) tﬁerm&ffydyﬁé%nbeé Eb%vet Jx@%?’ {h§tt e tgl'ﬁassl\’h %’) lagc\fvi impurity
er mani um concentrati on surfac f ﬁ(
dopeglefl-ypeg he FRvER apbdriia FREI %%ﬁl?é‘ﬁf Aeped yith 31‘3(% condtipigy determining ions,
and GRRAEMREded Snatefiki ethddi lg Bpi@aAITBgGbWHTIIC BB GERde! @ | dPdin relofe sHo@8 have a
subs?ﬁl Oﬁlﬁlfel o1 e(':]{ S carborn asllhcgl%i &1 ogr?ﬁer tt%nﬁkraaa % élC %?E%’u{%gtggt Es)efmaller than the
lattigelgenstanpwf ehasamitarph te aeateariongatdinalienSo@bstadsom the tringig@:8hannel.
Al though not illustrated, the structures illustrated

[003’0]'] F{V% a0 led bnd e%ﬁ)lageetﬁm ated Beéh pleQAME M |tlQn§l'egomg detailed
ventional steps jnc|ud for exanp

cescPBRB T BER T Sk R Sl G Sam. TSRl biciPRggied
the dxbrephary\erhfvdinesti on gle@plpe emBriSIEhts Sie d)&lwakalmpRp anedre nol [h@nded to limit the

scop@ %FE%%E |°§ér(1’q n%ﬂhén of ﬁ'n%grg'% 18r2{nlea \f\%? élgr?eer?tﬁ? {’r(])lggomgi detaxled description
will a&oaéldfr Hiese slidted én thaprtgvith p gonyriienirgd! reap f@ulf@éer@nm@uﬂtewgmp@rycr@bodlment

or eﬂd‘mp!afy%b&ﬂﬁ‘l@ltse|Ilesﬁ$tﬂdjldﬁm&e@st(fo@ A Abls CRan@H danhe Malle in the function and
or t Efconduct|V|t

a8 el o Pl [ 2 Ve SEIF I IOL b o . sppended

clairyrdé the tegah elquivatemtethardpn one set of sidewal | spacers can
be used and nore than one ion inplantation can be
carried out to create source and drain extensions,
create halo inplants, 30 set threshold voltage, and
the |like. The sidewall spacers can also be used to
formself aligned netal silicide contacts to the
source and drain regions. A layer of silicide form ng
netal is deposited and heated to cause the netal to
react with exposed silicon or SiGe to forma netal
silicide. Metal that is not in contact wwth exposed
silicon such as netal that is deposited on the
sidewal | spacers or the STI does not react and can be
renoved by etching in a solution of H2Q2/ H2SO4 or
HNGB/HCI . In formng a stressed MOS transistor a 35
stress liner layer of, for exanple, stressed silicon
nitride may be deposited over the gate el ectrode and
metal silicide contacts. Deposition of the stress
liner is followed by deposition of a dielectric |ayer,
pl anari zation of the dielectric [ayer, and etching of
contact openings through the dielectric layer to the
metal silicide contacts. -7 WD 2008/063543
PCT/ US2007/ 024034 El ectrical contact to the source
and drain regions can then be nmade by contact plugs
formed in the contact openings and by interconnect
nmetal deposition and patterning. [0029] The foregoing
enbodi nents have been of nethods for fabricating
stress enhanced PMOS transistors. Simlar nethods can
be used to fabricate stress enhanced NMOS transi stors,
and the fabrication 5 of either structure or both
structures can be integrated-into nethods for
fabricating CMOS integrated circuits including both
stressed and unstressed PMOS and NMOS transi stors.
Fabrication of a stress enhanced NMOS transistor is
S|n1lar to t he nethods descrlbed above except that the

M L s 1 o " o
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doped P-type, the source and drain regions are
inmpurity doped with N-type conductivity determ ning
w0 20v8/06353h0d t he enbedded material that is epitexi/ak1097/024034
grown in the source and drain regions should have a 10
substitutional atom such as.agasbon such that the grown
material has a lattice constant that is snmaller than
Wha]mglmlegt tice constant of the host material to create a
inal tensional stress on the transistor
channel. [0030] While at | east one exenplary
enbobli nehmethpgdordibaipatipg estress erbancehMPh device [38Lvingy channel region [68]

at a GERRII6R6E a sSRSMAICRE {uBdtrate (18], e éin6h RBpARRIRGERALRd that a
vast nunber of var| at| ons exist. It shoul d al so be

appr t

exe rrp‘f 1 re:ncPFO E’Qi Hﬁn{o the, sFlglngg]ﬂlllcﬂ %L&%% la(ggcent gﬁ 81!;ag?eéreﬁ18? each of the
trenqhmlemmm ourfagerty§, 8Q1Hiing fhe slmonpbregionypll i batom [surfaye, [7@r

configuration of the invention in any way. Rather, the

for e&)ﬂéxﬁgy Q:%&ﬁg !1 ﬁ&jt 15&%15[}5151 opﬁlbgﬁhvm% }' 1|st ogﬁc@l\ﬂag(ﬁ] of F@ﬁﬁnum in the

ski |l a convenient road
trenghes p %‘“\’r‘é‘H’( f*'hiﬂe F?’i’é“eé%@r‘ﬁfﬁ layey of NiPrIQY A fErst ng’?""“é%%ﬁ"p‘P"a%"ﬂ? surface and
a secdhhPaitRRSs third thestita glodthage omnbetosémaskadehatl vari ous

changes can be made in the functi on and arr angerrent

I()ng%’?t %&ﬁaﬂg' roWn%?&?gnd?dﬁg?gS frk%e ha\Q a gc n(? ﬁ%gtﬁlg Imaof éer{nﬁmum less
than|the izt coaepnirayian te fitl sherprshasof | 20 8 V\D 2008/ 063543

PCT/ US2007/ 024034 CLAIMS What is clained is: |. A

met hnd 10 mbadydf Gait l%eﬁmf‘kﬂers@ﬁ&nﬁﬂétéaﬁﬁﬁdte Me5is d kiR comprising

urf
sﬂw&ﬁwlm&a%d’] grﬁséau &u[r%?e ogﬂgaélf)r? glle éha{u?g%eglox{a[hg 15&%%1{,‘%§2a%%g L Fl%] crystal
directiomhe isidé yugface (48, &) s 8 (W f):cryBalstiréa¢ origntetivenshelsrdintRe step 4] epitaxially
grovxhﬁktaq}rstt n?er %(ﬁﬁ'ﬂrlge@ 'ﬁg 'sltgﬁ Qradﬁslt{ ép[t:ﬁ‘a?gr@\%h 8nBiflbns EJ@haﬁMﬂﬁ‘aﬂal growth

gi on, “each he trenc havi ng a side surface

rate [’"798<01 I3 6‘}/5“1* %ﬁa‘fw(’?‘wdmrﬁ%@l g’?‘é‘b Fa&r?“éh‘&‘))af%‘é'tst“&ﬁ?

surface [76]; epitaxially growing a first |layer [82]

of Sh.Ge Trmambtn@ ddiclhimriStheeriearp 6f&b1ita®ian>0g‘rovgﬁgdmilaym[zizmcomprises
the s# ng etptte{xﬁin)9 %}g\ﬁlpé %ﬁr%gzryh 19!1 #lysma e#x{lr?i ﬁtgh?a\sn? %%t al lgizn%ubstﬁntially
Pefpgﬂd&é‘aréw’? sEEdcoByefor Sabsgfé?:ond growth rate | ess than t he

first growh rate on the bottom surface; and 10

epi taxi & mythd@rf@\Mbrichtidg SBED BithacadMOS [rihSikorqBo] SdrkpeisiR@té s of:

a second concentration of germanium|ess than the

firs C ' LLENG The

met h’tg&& rggfq’ gg{g%'%dfq%é\%gfmgﬁ%e §néi%toééngl aget% " substrate

[38] is a substrate conprising silicon having a (100)

cr y soatings g gledrods PAvalying the sxiiasuleion e gtte slesgpdshairga]first edge
(65} laffd 2QEdoIddgA6@l ong a [ 110] crystal direction, the side

surface [78, 80] has a (011) cr yst al surface

8{ Ioeert](;h‘?r‘ltg a 911;st trenc?lcbéyz] & secon(} trench? to J)e %epncon%flct aubgtrag‘ei, the first
Uen@pllzmww andyspesst hpag (ﬁmi me |ﬁ!§n@gt oy aefmh alﬁteme ESB] anéthe alcond trench aligned

w1thgﬁcps\ﬁ‘$cgd apﬁx@-tr&n @ap se@on(i Qded by mE Ml%ttd@sltan&u rface conpared to
epitaxial growth rate on a (100) crystal surface. 3.

The mathdof cl in the step of e axi a

o ouiPi b ppiaga P PUS SEOhmsine o B BochaSfrh Ripium’n e s
trenghpid iashe sdcdng trgmehytherfgst aydrihagrg altiagkeess sufficgntppd Blsthafirst trench and the
secofdWendfonment having a potential bias substantially

per pendi cul ar to the seniconductor substrate. 20 4. A

nmet hod for fabricating a stress enhanced MOS

transi stor [30] conprising the steps of:
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formng a gate insulator [54] overlying a

sem conduct or substrate [38]; form ng a gate el ectrode
W BB/0e3seF | yi ng the gate insulator, the gate ePEDUSIIB024034

having a first edge [65] and a second edge [66];

etc hétcﬂlglg a third trsdch t%&m InfohrthAten@iyok) aat@taccmmhytrr @ahid fefich allgned with
and s&alaceg ?Par ?romﬁﬁ first’s Ctggeréo %ag grtrxc{;: %Tgeattetr an t;\hr  f gttdls?aacter et{}ﬁe fourth
tremfhlahmed mtlsﬁméwe@d Pl@g]frommﬁ S‘tch@ sisle biothelset:qné disthncelandyn ed

wi th and spaced apart fromthe second edge by the

fir Sépltgdlaﬁp gowig a QBdnk &Xdr @l 0bYor € 'fC@\Ml\nr% a@echhd Stced@ANIof éegrgz]mum

s B R e A CH e TG S SR P BHE RS BRSSP Bgeness 95
sufficignyt @ fillvBeshirigreachtahd tokfo@ggresahf ficient to fill the first

trench and the second trench; -9 WO 2008/ 063543

fP(O:I{‘ %Jﬁzgﬁlgﬁngtﬁ(ﬁlﬁél]almqt\&@eﬂ%eéteﬁ B‘fi ?ﬁxﬁﬁfﬁ&\hn%&gtﬂt la@g}g%?compnses
the step gifpiaxigfly GRIAE hRYeRnofBifer copeiisiog 2%:6%4*@!? PeEERLER@amgp @ wherein the
step sf dﬂﬁaxbyy goxsleg:maebnwllasaetr auoo]&oxh&}%&s U sR P bRdpitdx ARNeréwiRy £ dedosid layer of
SIGC com I'lS ?essatﬂ n2¥) atomlc I'CCI] ermamerrﬁCh al I gned \M t h and

age d’gapar? Fom PheSECoNnd si de by the second

d| stance; and epi taX| ally growing a second | ayer [100]

of F-Ge maWSﬁglaaie@;M@értrelnS'G@n[é@]rmetSina'n of germanium5

| ess than the first concentration in the third trench

and {§ @michRud@ Witk (58 Rokhgansdfbayé)ng a second thi ckness

[95] sufficient to fill the third trench and the

fourth tren 4 wherein the

st op QPRI SRS rporP ShyaF [ oo)

conprises the step of epitaxially growi ng a | ayer of

Si  Gea g mgpion $32hef SEE-hdOngt fosrgampamecentenigdipmanvidded iathd semiconductor
subsmgi‘n@ '1151/11‘%'3%0&0%&%9109{86]%% 5 Qo p@\ltxtny %SQJraQWeﬂtghe%haﬁlﬁﬁ %Qn and wherein

rises the step of epitaxially grow ng

the Séf'eg%’E?iH’dsﬁ%ng ‘hBF“eSSil%.‘)‘“@Fé%‘OE‘d’ﬁ'iS‘P‘?Sl ng |l ess than 20
atom c percent germanium 6. A stress enhanced MOS
t r ansiesindregipB83] of SiGp emisidded in theXirg &agioe emichadigorsecbbgetnianium
conderthor 1Y 1 indyrs Ui Lonhah, Channel regi on [68] at
e surface o e sem con uctor substrat e; a first
region [82] of SiGe having a first germaniu
concént r&e pessreEMBe dension qf cleimed hersinghs it eegisp [82}1“5 SiGe has a
gernBiiD@ téraén@atdn df 30 atog)icaertdt. t om portion [86] and a side
portion [84] adjacent the channel region and wherein
the gsid t
pot t 5m P fieoey 1o B el B ety iIED R HAN st gy
germanlu'!‘h@“f"i“ﬁt@tl Oﬁ"%twoaimlmwﬂﬁg a second germani um
concentration | ess than the first germani um
concentration. 7. The stressed MOS transistor of claim
6 wherein the first region [82) of SiGe has a 20
ger mani um concentrati on of 25-40 atomi c percent. 8.
The stressed MOS transistor of claim7 wherein the
second region [88] of SiGe has a germani um
concentration of less than 20 atom c percent. -10

-10-



