10

15

20

25

30

35

WD 2004/ 093197 PCT/ US2004/ 009696 METHOD FOR FORM NG
STRUCTURES | N FI NFET DEVI CES FI ELD OF THE | NVENTI ON
wab@4f09H9ENt i nvention relates generally to  PCT/US2004/009696
sem conduct or manufacturing and, nore particularly, to
form ng Fi nFET devi ces. BACKGROUND OF THE | NVENTI ON 5
The escal ¥ETHGD FOREREYING 5 THY GHRES A FINFES A VICES
performance associated with ultra large scale
integration semco t or qui re design
features, such as ¢ 100 nanoneters
( Nme, pr dsdmg hventi@l rilatk denetajly anehitmdreaseienmgad mgreipargcularly, to
gﬂ,ﬁnﬁg The reduction of design features bel ow 100
fomu%% chal enges the Iim t ations of conventi onal
met hodol ogy. For HEM3¥R PaFHE WVEREIQN | engt h of

co mﬂe%éalagﬁ@emmdﬁﬁa&gmﬁsﬂi’ an@ﬁbrﬂﬁnz&@erﬂs%@i@@dlﬁﬁtﬂﬂtraﬁér@ sthle integration
effect. 10 tr.ansi stors

SemiGgpCIR WP R S S U B B R SPGB PR G (. e

reliatgiligdnd asreasekn@nfitiming ieakiapge Thetdvedm of heigs Gapeebeiond 00 nm challenges
the ligféagibﬂl'ofpo%‘v‘e‘ﬁﬂ&glr% ngly difficult to overcome. In

% radati on and a numnber of
pr B@r@g@lpies‘gl@g the gptelgn g&}a&& gonjventipyiak lgnar etal pridespmipqaductor field effect

transietohd YI@@QIFBQQ)EH scMESRES 06 fn, ploblehikdcialde Wﬂﬁ&hrﬂ@iar}he&ﬁ&lti &th as
e eat ur es

dev evice struct r
ool b ke g oot AL B LGS P
mobifity égreditiod endi amemiset afl piraveps isdubs dBo nokeait GHir @t VB Eﬁlfs'entlonal MOSFETs to
1nc1u5€qpcrreed§§%ﬁ’ srdd é{y decvgc% H?la%ﬂég %wtdlg@& sh@c\ﬁﬁes Ql%%re@d?@%ﬁg%@%@ged%lmpmve

succeedi ng exi sting pl anar
FET prsfgmapcegat @OWWE'ﬁé"lcetS%Bngg ates may be used to control
Shobible- GRAMNHETS eprewhtSew Arubtindthal hive bén d@lbibér&l-ag adndidates for
succeﬁ% ! o C%?Jg%}?%{}u CPeS%é P S. q %)HP]lg Fé%e?l\(/)[rggnlég t\%lc;] gaQe@ ?nla¥ pe usc%l\@? %nfrolphort
chaniheffefts. FERFRST if mmubﬂpﬁatmyct!ab they elgabifs amdlswftCé@nﬁ @?fwgm A FinFET

1nclu!ie§¥ %Lne%gned B 0853 fih O R A e Sru Skl b @isolte b RABE ud3 @ out and
for conventional planar MOSFETs. 20 SUMMARY OF THE

ProcesNRAENTYORMFHA Bsterredir SRC M elar BRSFRIt h t he
principles of the invention provide single-crystal

silicon fin strucgg1 E%%‘ME%‘J ite sides of a

dielectric fin str for the

di &hmenepiagont ¢onsisient widh th rsingigles of e armtigLrspyidelsiggle-grystal silicon fin
strucﬁfel RlAdaGABIposit El@és%f 4 SelbcVig @t@hcﬂuf& t[‘l"ﬂ@méiérfdgbﬁh&diél&tna Fin structure is

ilicon material ordin en ced 25 np
e A S T e R
mobitifjicsh be Aahim¢d on as enbodi ed and broadly descri bed
heli Ac&rdaﬂce tﬁ 'iﬂegyﬁ’lﬁ‘%%' 8&85 1nge§e{dn(5$e&1%ﬁlle&lgﬁ%ro§dl§ (lle'séﬁaedf}felrém a

structure rrses a ectric nmaterial and
senu¢on@1ctaﬁ@sweam¢1¢qesq firggifig erucigipapante Heldicaityridpgfncludes a first side

surfa&s_bhﬁ& @&Sond @id@ﬁﬁf&;@q skdofd ﬁﬁisfrwﬁird«ltfla& c&rﬁtﬁﬂses@@lﬂﬁé b@% siRcon material and is
form%ﬂﬁc&eéw ¥1¥ %rs& s;.'dg S\')r%af;e q? r})e IEH str};cft% éq'nr]d%fx ﬁtruct%x%a% co]gnlpnses the single-

cryst@ siticrotmaregal amd it forned acﬂJaqantm thm«toml gdet shyditce cfdlmpdinit e grupthre; a source

regloﬁ JHLQ %m%g a{:Jny éﬁd%i‘ the f“ 1JstI ffﬁg@ucﬁpet 8¢ Leddna@h grdct%ref A FE third fin structure; a
acent to the second side surface of the first

dramgfgaqyéltams @rmeéi ak @ pppasite ﬁn%@qﬂlﬁﬁﬂ%t ﬁ]é%truftgre,ftléersF@ad tig stracﬁlgg Iéxﬁlothe third fin
strucfe; 4nB@t 1dstcsd gafd N Structure, the second fin structure,

fa gﬁjx}ﬁgat g tlm%%igentfat:bogl Sc%n{sgtent ZH; t%? pr{asre]:nt 1?v%nt{c]){1 g fen% tI man%fac\turmg a
semi¢toh@clordinclthdt ingludds p qubbtrpteand adiclectrisdayer{pymdd 61 the substrate is dlsclosed The
meth§c$ 15&&%5%&&\m %%e@&tml, 1§ﬁ§{0 QNG flgs@ﬁ@struclztﬁe %@Mﬁﬁ‘gr an amorphous silicon layer;

enent ati on consistent wt gr esent 1nvention,
cchigg E%%“WB’(HO‘@FIII?P&I%%XF%%{OH??‘"r?@"n%ﬁ%”“%téﬁ"na BAR GG bAe L e frt fin
structul®@hd 4 1A%8d GG Scta@e SliHasTk § @t@d,apgbsiee stlle @lrRed of the filsafjteiructure; depositing a
formed on the substrate is disclosed. The
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met hod includes etching the dielectric layer to forma
first fin structure; depositing an anorphous silicon
WO ay0e09319Et chi ng t he anor phous silicon | ayer tBCT/ORI008009696

second fin structure adjacent a first side surface of

the first fin structure and a third fin structure
metal daypra8 atlpastapies sfAES ofdiserond i sepqiee @ e Jurd p pruehyes: pepfprgying a motal-
induckd dlys&llizatch Weﬁhond@&ﬁﬁérﬁth%o@hc\@mﬁ&@ﬁ tﬁ)e9536b9(? and third fin structures to a
singleg%%agﬁégg 44tg?1ﬁg%gla%g%ér%? eigllo in]du rtam re 1on p%sﬁmg %) % Oate]glal over the
first, $tend,chdithed fipgrndtgesnand gat@rnimg biad etching the) g@qjmatqrytsw &irh atAebtiophgate
clectBREration to convert the anorphous silicon in the

second and third fin structures to a single-crystal

si i veigwothea freplamgntatiop enpipteny wish Wopringigles f die dyeniing 2 semiioagugtor device
that lﬁcﬁﬁés(%rfﬁ st ﬁl@@[@&hr& |a@@:ofrﬂ et i@ blaltdld ﬁﬂ‘dtﬁfctufehﬁdlscfdsefds tThe first and

secon§$8 ﬁtf‘ﬁtare u(% éxls ﬁﬁr%/séail Flgcfrog %%tlélligagsl'rlﬁ t%{gcg fl %u?rrs %g&gtgfbeegwgen the first
fin stebtere turdalgbesecohdifinsetctiagat! freludds ppiclermahadialb rThc: bind fisdtigettre causes stress
to be Wahdda & s PELBGLE }siﬁ%n gfateL{i B thenﬁé s §iRBure anSROTLAR FH GO e,
evi ce at includes I rst |n structure, a second

fin structure, and a third fin structure is disclosed.

The first and gmep DESERIPTION QFCTHE msAan,wde a

R T
illustatedn ¢rhiwdigen oftbe ihventiatand) oieiee withnitle despeibiirgesplain tieadverdipr. j Ip the
dawiiBt erial. The third fin structure causes stress 10 to

be induced in the single-crystal silicaon material of

t h&iet § ifespratesian exspplyy PiaFess BRI SEEEHY Tt FnEFT dhvteeign
imple‘BBﬁtEEn Edn&ibk: Rit @M\ robiplEHiE ORAMELDESS The acconpanyi ng

gra? 1]{11.”%6 ec):(ebméoc ! ev1e|(::w§:(:)| % ﬁr%ﬁldle che frl)r te% agcor t | t tﬁg ?efgc%ssmg
descrgppd i@lﬁ@ Iinvention and, together wt h the descrl ption,

ex plgdifl1 3 MeuhBVERbIEG Qrewé r foh€ng rdRipWr AW R8Ses irfdnQtterrbtive
illustrates an exen‘pl process fpor formng fin

implegiepipfion Gengigtent Fih e pef f&@\ﬂ"?ﬂé‘o‘? A"%n i npl ement at i on
COR#E. 36 efatL7 muitxlateteibﬁlppfyl vivers ok @satiof a trdneh deepvding th angltedratys .
f a Fi nFET device
mp le%n %at C c?n§1%£nggv§1‘6t§%ﬁ§%p @JMH én%%@glgesm ng described in
Fig. 1; 20 Figs. 10-15 |IIustrate exenpl ary views for

f orm ng nultiple finpgtimwebwrssripnioan al t er nat i ve
n&hﬁ gx%n%tdlgtgl d é@rsgrznltlgrg— ?r%[ﬂetvﬂwneat?m}nfh c['eoa é{ternta\f/lglp Jée Xpé?‘?'p t gxyentlon refers to
the aq,cmemynﬁgmawrge dfhie segnegeftreremmimbars dalifttrengirgvanga may identify the same or
smulé’?'lefeﬁgl{llsatAls\é efhe fblmn%@ﬁteahésgﬁtl&p&% n%i 1%1{ thé/\flnl;etltlénh ?nstead the scope of
principle he "i nventi on. LED DESCRI PTI ON
the “r}’ﬂ‘élo‘f i§ ﬁqf‘@% b&i@ed@ie%f}eﬂ glgfmg|and dlejr ﬁ%‘i“’@l"rmbf i npl enent ati ons
co mspmﬁeenﬁﬁonwOmst&hmhpmeq;ﬁemeslonmemdnfm pi@fde kisiglé-erystd Kikcon fin

drawi n g ce nu
structare? gxe areE%’r \Nlp 051te S es of.a 1ele§&1<!fﬂrt?n S rﬁcture ar%%mgtlgmal OF [he fhelectrlc fin

strucfeteeﬂrém%ssuclﬁth% e SIgItlﬂnentfsf@ﬂsst iginilyred Id g aingledywdhd siigon plaiem’h to enhance
mobigi[g-es not limt the invention. Instead, the scope of
the invention is defined by the appended clains and
their equivalents. 30 Inplenentations consistent with
the principles of tEXEMPLARYIPROCPSIINGde si ngl e-cryst al
S| ggsplﬂ¥sftrates &n %)%e{‘nlél%rfy%{oc?ss %OI’ Poilmrt?cfen s[rl(l)crtlurfre%%oer a%nlaggf Igezlfcg
implemientatipn edneistent iwith the princigley ef thednventivy Figs s Bilfusinate Bxemplaty V&WS ofa

FmFE’?’T &cht fa&@:@tted a%&o@cﬁr?gsto {h§ pﬂo&géﬁ%%gscﬁlﬁd Kntr@g $i ngl fﬁmgert]}tﬁs&f%he FinFET
[icon material to enhance. nobi

devwee@éeéerfr\liei peregnafier. Pwlugetare{fceéeddﬁwe%ﬁﬁﬁ t%ﬁtgfhﬁﬂl&&%‘e(glbfdcﬁﬂem are

equalfyQipplicitge th Fonmig§ mote theif @8 FMBET &vice. NFET devi ce in an
2
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i npl enentation consistent wwth the principles of the

invention. Figs. 2-9 illustrate exenplary views of a
wOo-200FBI319EeVi ce fabricated according to the pror€BEERI904/009696

described in Fig. 1. The fabrication of one Fi nFET

device will be described hereinafter. It wll

be
ap PrEETateHo Figb et Proferne may Boefnde i & deleraiicdnstusgre 210 on a

substfAR 260 ¢F ad8én@coAicRedbaicd (dctappl In%aflhaggﬁlgmfueﬁ C%bmgéegoo ﬁ?)ﬁodggpnse

. 0 I NEET_devi ce. 04 197 P 96
s1llcown1?1ﬁ{t:ernéaf1ée rnélgl&rgen{agonlglcodglsteni wglhtge Igese% rt%z%nélg% ﬁ%@é @/ comprlse other
semidogdufton matagplasudh @lgeraturiung of ¢ombibtioncd! smrecomb@mxg matgrials, such as silicon-
germélm tIllI Q{eﬁm%g(gnagt/e, le&rggb&plﬂ qﬁ:ciu g anql%\tﬂatgle chﬁgstan %}gée)layell fbrmed on a

one | enment ati1 on, substr onmpri se
silicog Py geprsum pYtEy SRAPAET G stsuﬁt’,aqe é%%rmya?mmﬁ%a Eglrisic gaterial that causes

swmfmaﬁt IRentild €urepy (asaem In theltMA Ak btRiwreS mlasdnr lﬂ:tf&m&oz% ABERY di SR Ffiin S€ucture

L.l t
210. B HE InpB O e e Lot o) i bt e so G g s '
si Diefrorric in geetura piOumy b¢ fornged 0t dvenveatiohad masrki. Fer, exauils b diglb@ric
mate&@%aﬂ%ﬁeﬂoﬁ%h U\Q-F ufiate D&MD chi%knesﬁ'a&&ﬁg ﬁ§m %but%b d8, 1b3¥8h00 A. A

f or me on a I con or germani um sub
mask pjag pesfermefl gver ¢ J?Prtsoln ribe ditlet mteﬁﬁynddwche mateml Bpeihgrbe gtebed in

a confeti&kl Iﬁunnetr ha:h tlfé awﬁeg&emﬁiag{gioﬁ subafte 20@RFbrhiektFi€SSstructure 210. The
tructu es th

fin
s A St By it 7R R B el o Mo oo
i nplfterf'emtnatdlebﬂnc fgh sehasd 210 anfmprplgius silgbwier 21DGEnay be deposited on the

senuc:ramﬁctgmw %%llﬁt@atéa)fﬂ lqg 3Q£ct ﬁof‘ ' th BI{eQIﬁplengnﬁ 1(5?1Q:Brrsist€ntf\x}1tﬂ the principles of
structure 210 may formed in a conventi onal |

the 1n,ze51|tloré ila(ﬁﬁ]o%s Sll]ﬁODd?.y@{ %8 Y be denqgitedis athickpess ha§§m%féom about 100 A to about

1000deposi t ed over substrate 200 to a thickness ranging

fr ngIEQOUS sﬂlcon %ﬁer 3t0qnal§{ lﬂw? Eet «%c%eg na onventlonalsman{xer w1@%he etc}&ng

termm#ﬁeg : | p@st@@twq) © formtampripladus silippn tph@n(flb)estreth@wedo |ah111usaated in Fig. 4 (act

115). %@Nﬁﬁ&ﬂhgﬂaihcc[m @ﬁfcture\’Mlé Ra}t e aQIeféE't' rﬂ@m& £6R AL E tPdbout 1000 A
substrate 200 to formdielectric fin structure 210.

and a-pidih rapging from ahgy {0 ‘88 04 & n structure 210 may have a
Wi dtdielec@inhydn §10fmay bt dlpasitéd ch@d sémitaad@boddvicd, @iluskatedh Figr 5 (act
120). flg 191&1 r?én% 181(: %ﬁsg%ntfwlmﬂ th%&ogﬁ%)tlelg %Ftllégl%\%htlo%ndlﬁé%gﬁ E’a@&‘ﬁo may be

silic eposit
depoetechﬁoeéwémm rerrgneéf\?ine@ut 208 Ajtp phoyt1PeRt 4 dPiplpetri lyer 530 mgegomprise an
ox1d3391@ﬂ1@r_dieféctﬁ@ﬁatérﬁp| enent ati on consi st ent with the

princi pl es of e invention,

D Pl ot Fatbrg - B EE Mret g g g Stgoter
technih€) tofpldnariza e tip surf@O tha serAgppdyoteodesicsiutt tha the Itcay'eface’ﬁ @ach of
amorlgHaMs sﬁlﬁﬁlnflnkgﬁucg}re% Qﬁgls e;gos@d gpx'ﬁys%ﬁgd ik | -6 @@nﬂﬁ r Dur}Mg th@ Cmea portion

etchin termnating at substrate
of thegfiRpf B‘H’gifs‘)f pIPqUecin sEysleetl0 pidiapprratep ale% ﬁegmszf&res 41§ gay be removed so
that tlilel dpp’eS buiREe@edcMotfan@phots (1a6h fin 2QctdrdsS0 is ERLRed AR®D Eﬁh@ld,&lfter the CMP,

n ructur 410 i ght ranglng
the h?l‘%ht Of(i% zolgtandzzégmﬁ?' [iaréfe %%)d{] §ou OQ%WI dth rangi ng
fr 6mea1b1@m 7T1DOQches higkel Imalube depRedAn thAsmiu@h@etplrdemcel ayilystrated in Fig.
7 (acéélgb Pohe %m@l@ﬂ%h tneﬁel @dzerb %%%H&@M&Jﬁta%ck%yéf‘ﬁﬁout R,

illustrate
| e SN QEEHm Y e raeriem Jbe IC ggition mey
1nvolVeﬂM&ﬁIﬁﬂg @fdkel Qe 7B ot SH@YED alﬁ)l(BS(IE(S/fob@verﬂ a@6sS Whietthets @ dffuse the

n1cke]td|nto (Ehe aingrl%horu?a sqlg:lo{] 1% ginder{nhea ?n?om 1125%1910011 1n P in gc(:%ures 4é9 9) smﬁe crystal silicon

810, @tﬂhletrated jinglfig @t(act 1030)ma’ts @ rqseu @ the MI@ Oeeeamtprc o thahueteort adeleql giicon (NiS1)

comp%ﬁ 8%4}%@5&“&%&1 sdbstaté f@%@ﬂglef@}gﬁpsﬂic&?ﬁn sR@tdré@h(ﬂ Gn one
r other _technique) pl anar i

e
‘mpleg*ﬁ‘i‘t?“%éhed‘?mkf’?fé"f%%laé’ Efr?&%’é‘fyd f‘“gﬁi E‘?fP gou éh‘o f‘th’&ttzo? ﬁe top
surface of each of anorphous silicon fin structures
410 is exposed, as illustrated in Fig. 6 (act 120).
During the CwP, a portion of the upper surface of
dielectric fin structure 210 and anorphous silicon fin
structures 410 may be renoved so 30 that the upper
surface of each of anDrphous S|I|con fin structures

AA PN " o o o Y ' NR AN
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A netal layer 710, such as nickel, may be deposited on
the sem conductor device, as illustrated in Fig. 7
W@ 201/091%) . I n one inplenentation, nickel | ayePCTUS200EHYI696
be deposited to a thickness of about 20 A A
met al -i nduced crystallization (MC) operation may then
be Aﬁt@rranélF-ﬁré(aal sHipf@ flmst@c@fgégIEQtafeé?pnﬁehﬁonvgigor}ahlf}@E\’,[‘éabncatlon processing
can ba BflR&d tb B@npleteQkceatandisty e{g ?&ngthe adufd bind26h 1€g1&1@) aﬁam 1Mnnects

and n%er Ieve]tcﬁ Zecrgﬁsgtj Iy tE 5 u SF% IdFvweO Eor e)éamggahtg %ecfnct]aﬁ/eér%é%?y bﬁ 6eﬁrg)ved a

protestIVIe Higleqirid layef, swh sstarsilicgnunited: o gilico oxidy may be fooned o alle top surface of fins

210 & kfoqfan)weﬁ ggme ;raﬁnaunl Afaggt@&a&iuic ran li@ gide[ il BEL Flﬁggérrst{éllic@n fin

resul t C operati on, ayer 0
strucgfep %180 ﬁoumdsrn)rew%wbtmﬂ&e mdﬁﬁtye Wewwaenﬁ@@f\ﬁe@%o and 810, followed .
by foShb& df Bletdr 201 g&&d Fé&d eﬁzﬁﬂp&‘ zCsﬁleSﬁ Ber, %bﬂrﬂaﬁiﬂﬂ lagldr I'1:0111b1nat10ns of silicon and
structures | enent 1 ONn,
s o B R 8 "ol LISGE P20 NP B ered nd
etche@ @(forfy, theFald@le@ D04/ BG31@ipleHTT P UB2GH4 AOBSG96y topkite bf the semiconductor
device 'ccﬂlth«%t %Iytﬁé ﬁlnmﬁl'eé df ‘Ehga vgr{ugn a?f{mr tHé:sto%Qcﬁ‘alﬁ ileglo@sraﬁd ga%r ﬁ@tﬂrdes are

conventi onal rication processing can

formegh {Ap jlipergted: éheémn%@r fepviee pludest doublp-sqiestyoture pigh frs AL 0 810
sourcs @ikl dEen Iagi&hs dredn 920U @ASJectr6RY3BE@hESI40] Nt er connect s

gour(ie drain dle,cg(%/ z b{Oralmg é?.l%%%?g b"glnglgérgtWﬂE B %{p%%&&@%?%ﬁmtws base£ on the
parthylaoézné dtvioy evquiiceies tin additibm yidewall smgdns 8y ogti@allyibe Emmediptier tglde
sourc@/léhre]uzildn uﬁf%ghta@i&ll g%cirf%]ythéqgcatl& F&lg sogﬁelthlaﬁ (J)'%‘ngnt%{l%%ﬁefdgﬁ fhe Qerrtlcular
clreulyseguregipisy A yafin agpraling iha‘éve%}(@a@é% acarat%ﬁowgq/%a%wgrtsaﬂo and
920. SI licon fin structures 810. Source/drain regions may

Sge %reesi:l{t %K/glg(gn I‘Bs be]grl;] c?escrx s nov%lfxsy grﬁrgpggafnu%%err 8% ﬂl s%rucil'ures 'a:ﬂ should be
unde@tququt methegs gqnblpt@m) ith tg%g'psent ggq:qqammqyme lugey grfonn any number of fins, based

onth@&ﬂkhl&%ﬁrbm&luﬁémeﬁﬂd icon and gernmani um or vari ous
be used as .t he tgate material. The gate

rm%r%‘ﬁ At Herhere NPt PEFHEY et ginele Cﬁﬁ@lfﬂic%n oty anay be
formgjalfagingd d@tarpd@suuckerioxdabmpleey thisigle-Dysial dilitsd firttreSur&n The material

for th@ cyiglgwlcat{r%ﬁﬁc%e %&y%ﬁ’ l%];entsg'% 1o iﬁgﬂcg °$Q #ﬁ:gn(t) lreg's sl?;t%gm?l% fsm%le -crystal

si stent pri nci
5111009 ﬁ@st%l%ﬂe% e“/S@rrwlh eqhéf@%ﬁ@ﬂ'@ﬁd thy singe-gy st ﬁﬂ“@@l € steyptares is achieved.
formed. As illustrated, the seni conductor device

i ncl udes a doubl e-g ith fins 210 and

810, source and dr §%‘§E‘?@éﬁi§ﬁ@&§f3&0&ﬁd 920, and gate

el Bigt. 1 ©8eius@80examplard 4@ws Bofomdre/nthitplerfins@giues & 28 1iratig
1mple%gatg§¥onglg% wmﬁhgﬁﬂgglesvwf %hlfe] 11Ren:tj;¥1p %Wret@re&% B n% I’f@ lﬂFo'céséu%Smay

based on parti cul ar end device require nt’s.
begingiy Pfqnb%?ndugﬁoa@w that gplyes ﬁfsowaw?sdmocfﬂrme# 9P Aebstregp mga substate
1000 piay @)Enphﬁ silibt ol Sthe® S RIuEHna | hrﬁteha@ﬁ sucHR gditfaibirh, Q)ﬂcotnibmatlons of
sermcgn(ﬂlctaag matertleﬁs suolgas & 190r1]1]—ggrf1na1tm(rl:]rfe1 Qi tr gygle%é(? xlin

200 Ao thopal0D DA, anneal ing may then be perforned to activate
S ngugpeléﬂf ﬁjl@ mﬁ}e@ efdhk t@%gn Mch 1%3(9 as Jﬁ‘sﬁat&f ift ﬁ% N{o. In one

i nvention has been descri bed above as.form n
implegientatiop, trggch &%710&‘}% kave p yidthipnging freya aboyi 7GR lz‘é? By 28@9% Next, amorphous
s111coﬁﬁh3hﬁd8po§i®m sidstchddito mmt findrjheuspilie@epdcers DMtk umramayl Fi2e11. Bach of
amor th%?s%ﬁ%onl S %cerg]ll lﬁg é}a}f have q w1dt%frarr}fé1ln%] g’dm a?tﬁt?t%go A%o ag(():ué (1)(50@ %h éAedielectric
matenygl 1240 mppebedenopited i t@ga@lﬁetwelmeamomhewtmhew SPaSPIR gll 18-a flysiaigd in Fig. 12.

The d?e'letthgﬁ%ﬁlerfal Bay&toﬁlﬂ%g b Rle BN nePBeled AR Aa1s. havi ng a
dielectric fin structure | ocated between th

si PGYEobpgkel 1310 may depogiied o fytoR fwrfa@toaf%cgphowéwm@m 5410, as
illustrhted in Fiae13d ITed ®ickneds of fidkel 1Sk 130 tddye BByt 106X, AMIEEheB@onagy then be

to induce a significant stress (strain) in the

single-crystal silicon fin structures. As a result,

enhanced nobility in the single-crystal silicon fin

structures is achieved. 25 OTHER | MPLEMENTATI ONS Fi gs.

10 15 il ustrate exen'pl ary VI ews for formng nultiple

. I

% n%ve a 1gpt ranging from about
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i npl enentation consistent wwth the principles of the
invention. Wth reference to Fig. 10, processing may
whegindwt h a senm conduct or devi ce that incl udeST/E82004/009696
oxide | ayer 1010 forned on a substrate 1000. Substrate
000 may conprise silicon or other sem conducti

Peff%tde P operefion Mas Iyl yerRantrlingPickst 1a¥n P AP AY “Gito about 550 °C for
severalehioine tmdxwext dirﬁt@hm&tsﬁtbdn&béﬁters suok saxglestykthl@mwﬁfsﬁ&fhwd M10, as

111ust%8 in 1% ?X © sa r%su Eﬁg%%ﬂ%%\ése{atﬁ%h%gglh ter (5_ %k%gvc%Zﬁ és 8(%153taund 1420

may pegforfingd bnt\aﬁelt tue‘ttreth 1400201 sirgls- cr}tsttaluSItccrndtnemuths F# 1§, Inlde injptementation,

the tHdREess tfmlegr&rttz@tft ?ttn%etftoemam 2Q, By o0pave a width
rang |ngwgron1a ou A to about 2000 A. Next,

amSFIR GRS 1018 maihen hegemayed in peonyrafivnalaseer aniluwriedia digt -

Accobdgii, DdpadePii@id& nSerdet E‘EI‘IcaﬁIBaﬁ@Jused].llO as illustrated in
' SI|IC acer

bl A n ELE AU L SO0 RRR b e i
effecbetiieer tthtsidpscof therreneh. i 4d iR imEiy. 16,6 Sdelp@@lucttce deviica mphigclude an oxide

layerg@fb fg}ﬁtt:mparlutﬁﬁ@g (Bgtq}t@vn§hltﬂ a%ﬁi@oxﬁ%@&%&é; fogr&e]iQhere% material, such as a
|ustrated in Fig dielectric material may

Slhcoeiﬂﬁ‘&e sl e ed by de@?ﬁﬁ@tane PRFIBRSL foEm g A1 60. Nt @ spacer
matetifs6dh aO$iN/8i0| kﬁkonﬁfafh& ARy alChe Q8 dépodte®dihd Atched o Bkl sfp@dét@ 1640 on the
side ﬁgﬁ.&ceg o?gelf}g Tﬁslks 6%) nﬁ(lf]cgrg %ye(r) ?62% I:Il'nc:!a:iy(fhfn%e gtcl(é)erd ufﬁ%gcaggé&g étllcphard masks
164Oabm§t<s P Grma naarowltr@cb B0z illosiratpd jn Figh é’h Tyench 17 1Q\@ay have a width ranging
from A5Yd 00 a?tél-%Zut éab/ AUS@QI%MQ %g@ageog9§ B@%g@é‘g cougn% eMcpoetween fins 1620

: g@) ation may involve annealing nickel |ayer
ocatehog bpth Be o 'ldHbut 550 C for several hours to
convert anorphous silicon spacers 1110 to
si ngl e-cryst al S|I|con f ures 1410, as
illustrated in Fig. (%gﬂgl{g%ilt of the MC
op @p@qme@tﬁt}on%copqw%t Wtﬁny}@rprlgflplg ofjihe ledntien| prgvisie pinglgrita) silicon fin
struct@féﬂ]ﬁ@tldﬁdorﬂaéi?& opﬁ@% sk’l@s dcf QBB dSLWRERe. SIhD SR Br hOBBectric fin
silicon fin structures 1410. | n one

and
soue it Brrehet o e R i Bieba Song G sl M il manner
enharcetgeilfty @mbecdbioeed. 20 A t o about 200 A. Oxi de | ayer 1010

na}fhé tﬂx%&u@?es’éx?ﬁ%’ &qxérrgla%l 691%5]3{1% S o?iﬂgl)res[mq{llgﬂti’on ﬁ%v1d ] 111ugrat10n

illTustrate a spacer-in
and deseriRyiap) bFiESF‘OE:‘aﬁndS%tOF?F eaee@@ or ‘Pr‘\‘méﬁ@tﬂh’é‘tﬂoﬂ Wﬁt@@f@@ﬁ«t fatnt @ylosed.

Modi& 868 léuﬁi dﬁﬁiﬁorﬁ@re%ﬁﬁﬁletnohgﬁf Gk @bode BMQSVMI' tnﬁﬁﬁb@hqutr%onﬁﬂ:ﬂ:tlce of

the 1nteen910n ore amp?ei Fl lﬁ%?t ? vte g%]érilep E)rﬁb ngl}:n\é\lﬁ%rlpegl g?ﬁu% 8 gc{rtg,trsbc% as specific
matel@?évst@@urnsaghemmdt pdeesan etoxindualer td Providgaethordiil Ondbistamibg obihe present
mvenaabﬁtm&eme( BQLnt TN callthd Flacficed bthdaABsoRY %rtheld@t%ﬁ')s st)éatff;rﬁg set forth

thereon. A material, such as a silicon nitride or
herei  Ip piigsisiggcreell payn Beretfiop guFisghaynept prar easerivetin defols Brrfiernot o
unnedagtirly smMSkeIhelimddd of tidepidsent AvGPAC GF pradﬁ&hgelflds @Esent&ﬂﬁiﬁoxﬁSonventlonal
depos§ omﬁhg&%ogﬁ@% rlC rﬁng et%tgrélec'tt%%%%lg% b@ Ftﬂpeloye athegcijaip e aqs of fsucg
dehaﬁémﬁa§wynﬁ6ﬁ@hh§mhuebhﬂIayer 1620 may t hen be etched

U S Wﬁge SBAS 6f Bts 1R IR iRk fh ﬂgﬁ(k@ Figl D4 oS dFBR K&s th be varied in
rma narrow trench 1710, as illustrated in Fi f
Efgil’tay D0

other *ﬁpé%watﬁﬁcenmt YHENHS PEESSRE BYeRtG e Mg TRt 180-5PeiiF g
1mmamm®hmhmMH 1000 A. Trench 1710 advantageously prOV|des

Si fg&e) élprlct)é fgcrt ggtfg u&t}f% e&%@a&@%ﬁ ngp?se ?mattlon shou% be construed

as crijcglps pssengg to th 1ant!qq@nlms p)fpbqnw dsseribefd ag $yeh. |Aisgpeﬁ;tup@merem, the article "a"
is intdRd¢QVd iH@udS bRk Biore ikl BWheRiohll 6RNtehlidInterdBd, e Tk FAAEES sitnflBlanguage
re formed on opposite sides of a dielectric fin

‘tructure. The material for the dielectric fin
St TheGtape & theSnvehios BreBEdhy thedlimsangihginddhivalaimt Stress i s

i nduced in the single-crystal silicon material. In
this manner, enhanced nobility can be achi eved. The
foregoi ng description of exenplary enbodi nents of the
present invention provides illustration

is use
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and description, but is not intended to be exhaustive

or tolimt the invention to the precise form
waele@eheHed. 25 Mdifications and vari ati ons aP@I/US2004/009696

possible in Iight of the above teachings or may be

acquired from practice of the invention. For exanple,

in the above descriptions, nunmerous specific details

wHAarS gatvEmrst h, such as specific materials,
structures ocesses, etc., in order to

r
pr6V|deA§mPﬁ8&5§§%wwﬁﬁg$ R¥R%di ng of the present
I nvent i efirst friocwerives (21 henpisiesedi¢lecirivvitial eml ioduling e first side surface
and REBEL e €. t hout resorting to the details
speC|f|caf set forth herein. In other instances,
vel | kné\?ﬁ‘%"fﬁf’@é‘é§%‘¥eﬁ§1%‘t°ﬁ%¥ft§@é§glﬁﬁr0’%a1 figeon Faterial and being formed

adjaceﬁaﬁndmadldmrfstebﬁhdﬁrstlﬁﬂsta{cﬂer(zmpt to 30 unnecessarl ly
obscure the_thrust sent

practi ci H]d‘g {111' grufjt};rg §8(e{h} COPW 1Hgle a\?/ P (‘top gxﬁtgximl and being formed
ammdepﬁbﬂtmmmwhphﬁmnﬂmmmmgﬁQQMMmean@ etching t echni ques
may be G E@xtc@%@fgn (%q%xj&gcpaﬁ gne eﬁl?& tl%qitrs"ilhlll ﬁ:u&&xe %ﬂ d)hthe second fin

techni ques have not" been set herein In
structippgi($1Q), anddkerthiddingruche@l0has been descrlbed with regard
to Fi 0. alzaintdy@n@ndebmd aitah @pp@ﬁt@ SndBRMhe DRt fhAEhde ©210), the second fin

ot her i npl e ations nsjstent wth the present
Smm?ﬁG@ﬁ%ﬁ%ﬁ%”%ﬁ?éé@”Pw(ﬁﬁﬁ H%pendent acts may be 35
I mpl enentled onggapd?@l 94€).. No el ement, act, or

l ngtruc t'I‘hé)s@HﬂJoc’lﬁgctdr Gev‘icla of g&@rﬁ ¢ R’Vlhfgglh Y Qldﬁfof &1@ ﬁrsﬁ{n%§§cmre (210) ranges

pplication shoul d be construed as critica
ﬁmn@§§eW9ﬁé?dP@1WWé\|nvent|on unl ess explicitly descrlbed
as 3such ThNesBond@Sor USAE o8 il Wherdil) @e ditlkdutd aterial includSs one of an oxide
and e gnded to include one or mor e itenms. Where only one
niride. .
itemis intended, the term"one" or simlar | anguage
i s4used Tha@miFeduate dpréce of cldith & whargie myvidthrof fagh efdticiseronf fimpstructure
(810){ah@th€ infd fiBsuBfitle g;'ﬂ@'r &3hvBdueTHoS to ab%ut\/i@)@&w 093197
B O O 006808 WEAT [ AL DR o0
ﬁ‘l con éd’&ﬂfhai‘ ofd@glllfacglrm%%wpprgiluﬁ@ de\gceftl?al; @fludpf e]substrate (200) and a
dieleﬁlﬁcflhl_s@f @1® fpRHbh the eubpaes 00y tie ntibed eathstérzingat eri al and
i ncl udi ng si de
surface; 9173_“% i (ﬁe%mfg ia? gr@w% ﬁ%gﬁfug%%%%@%r ising a
si ngl e- éﬂ?@@ﬁ@n§W¥M@®ﬁﬂﬁ%ﬁ@@ﬁ@MDand bei ng formed

adj acen Etcﬁu% tﬁerh%lofph&@ tsﬂlc%h er $U0f 8 68m QbecblA@infirdctite fioNadjacent a first
struct struc

[ e (810 I
side s&g;ﬁf) Pﬁ 8 fﬁﬁ %{1 ctglie %d%)) ang? g;lgil glil strélftyrfa %;43@ apr;g?egtrﬁi) sgqonch ﬂ;a)osne side
surfadpeif thg fifioiredtur@txcent to the second side surface of
the fir ﬁépogltlin@ a%{ Hg}ley(? EO) (Jggt(i)e)ast ufhe SAHLESF HHE 94091{31 ffn%Mure (410) and
formed at oné end of first fin structure (21
the thirg n geg 1% n - 10 structure (810), and the thir d fin
st r uct up&fofBddl metRindiRd &ysiBThRDA ofctiOn to O EREe @hor@Bus silicon in the

h
secong pﬁp Rir (]dt £ s?ruc?urets r(41({21)[10 a smg(lesefﬁgaﬁ snhclgram%{ rlaij re (210), the

e’third fin
structuﬁemmﬁaﬁwmeamdn@ﬂbh@bﬁkmmmgmgaﬂm (930, 940). 2.

The senygondYaLAL mAGK & thf fir! sBdo, lnd\/éﬁlﬁirfﬁ'si?ucﬁnééﬂ(ﬂb 116 and
the first fin structure (210) ranges

200 A t BriisBigndpiships the sate majeral t%@Fﬁ‘ etoiats B?f’tgé'ie e]aevri%@?’%%m

claim1l wherein the dielectric naterlal i ncl udes one

of 6.an O)ﬂg ﬁthog np cian?l\g wBereln t%e dléec Cﬁcqayer (9 gqnomrl])rl?es E\t(?east one of an oxide

device 0
and agigiidsnd fin structure

7. A semiconductor device comprising:
a first fin structure (810) comprising a single-crystal silicon material;

a second fin structure (810) comprising the single-crystal silicon material; and
6
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(810) and the third fin structure (810) ranges from

about 100 A to about 1000 A. 20 5. A nethod of
worewOgaduri ng a sem conduct or devi ce that i ncPCm®©S2084/009696

substrate (200) and a dielectric |ayer (210) forned

on the substrate (200), the nmethod characterizin

et chi ng 2t fig |S'Eic%‘{?t(?]10 opasgg dptweep o Yirst n Spgiwe 619)jap ‘#e fepqad fin
strucBiker (BIDY Mﬂeorﬁ;&ﬂ‘.ﬁé a dleldﬁﬁﬁl&kehhlﬂﬁe 18] iﬂfﬁﬁﬁcﬁlﬁ@@ﬁo) Sdukih £9M@ss to be induced in

| aye 0] e anor | aye
e sp G I eSO e O P L Dl e i ddaneire bl
25 8si de Thesehmomlugdr deVie of tlaist7 whemin 8 viddodf eack of Rt fiasehcare (810)
and ekl il BuShet WG4 Ees(ibObo P o306 MouhoBPEONd, OPPOST te
de surface first n structure (210)
d e 603 it ﬂﬁ@segucprxélp%{pr dP‘éSPé’If cl@rpfo&)herelﬁ a adtly of ghe thirg Igp étfucture (210) ranges
ﬁnm&umfamé&ogkmhbayﬁecond fin structure (410) and the
thipd fin struct a.nmetal -i nduce
cry Bt al 11 SPTBRbER S iteofipd R B PR RS o tas one
of angixid¢ enda nitmiget he 30 second and third fin structures
(410) to a single-crystal silicon material; formng a
source region (910) and a drain region (920);
depositing a gate material over the first, second, and
third fin structures (210, 810); and patterning and
etching the gate material to format |east one gate
el ectrode (930, 940). 35 6. The nethod of claim5
wherein the dielectric layer (210) conprises at | east
one of an oxide and a nitride. 7. A sem conductor
device conprising: a first fin structure (810)
conprising a single-crystal silicon material; a second
fin structure (810) conprising the single-crystal
silicon material; and 6 WD 2004/093197
PCT/ US2004/ 009696 a third fin structure (210) | ocated
between the first fin structure (810) and the second
fin structure (810) and conprising a dielectric
material, the third fin structure (210) causing stress
to be induced in the single-crystal silicon materia
of the first fin structure (810) and the second fin
structure (810). 8. The sem conductor device of claim
7 wherein a width of each of the first fin structure
(810) 5 and the second fin structure (810) ranges
fromabout 100 A to about 1000 A. 9. The sem conduct or
device of claim8 wherein a width of the third fin
structure (210) ranges from about 100 A to about 1000
A. 10. The sem conductor device of claim9 wherein the
dielectric material conprises at |east one of an
oxide and a nitride. 10 7



