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WD, 2004/ 093481 E ~ ~ PCT/ US2004/ 009669 MET, FOR

..FORM NG A E IN A FINFET DEVI CE AND THI N A FIN

) il CREGEGH OF THE FI NFET DEVI CE  TECPINI/TARN04/009669
"FI ELD The pr esent invention relates to sem conductor

devi ces amdETHEINERFMREY PALE OF AFGIEERDBREAYPor 5
devi ces.Tahinemiey £8RNN A ON SNEIOREGAN (Farie EMEET DEVICE
applicability to doubl e-gate devices. BACKGROUND ART

The escal ati ng demands for high density and

» IECpeVGA fiBhoe associated with ultra large scale

I nﬁ“ﬁeq&@énlt ﬂ%ntl %Qlt&‘%@ Qul‘fctog(fuctgl%{/lge@§ drn?eﬂHHJ cﬁ ngﬁﬁéc&ﬂng semiconductor

feat ures, suc gat ngt hs, ow 100 nanoneters
devigegyjhe Pﬁﬁegﬁnveﬁt&nuhasmarﬂimtlif a@ﬂ#aabrlwctP é%i@éz#atﬁﬂwwect uring
t hroughput. The reduction of design features bel ow 100
QIH" enges the imtations of conventional
. For exanple, when the gate |length of
corikbe Pﬂcatlaimaﬂenphcérﬁqﬁnmewmty & peiernzaesiagsoridedcvithrultfalasgegcale integration

senu@cﬁnfiﬁ‘&ﬁ‘ devﬁc@ﬁ*@cful@ 8BS feﬁtM@EtEeﬂ_ 89 gale %n@ﬁﬁb@(ﬂv ﬂﬁln%mgigl@ (ﬁm high

ens associ at ed t t chann ects,
whag‘gty a%%&%?éﬂd\?@m}f"ec&lﬁ%@ Bglpk}ve iE‘F 't é“"§ 85‘}"‘&‘?‘ Heresfielor ﬁS m
challoge pthelimingene agiomghtjond infefhbdnldgy. t 0 overcone. In
ad dr'*ol: éxglgple wﬂanhé %aEeXGngtﬁgf &9%'&!10%91 fpﬁﬁég n@tam @Jﬁu%ductor field effect

process 1ssues a I cul to scal
o GROFBTF SIS Do RTS8 Hgg ofcts such s

exceSsiva helalelge ket iCle fo@é ahd@fin, eshd BirdacifglBdiffidalt td b@ScoME €In addition,

moblhﬁl Cf{ §'fu1%{10n aj (? U%’lbngO@ r(\(-/gclzegs e1ss'i-slecs g scr)Tpxak%\{t%()f %uﬁ 0 Qg CO%K?@?E&?INIOSFETS to
inclyde jpereasiagly Sfﬁf’élw deyie featiiese Sley Aevice Prawrebee frerg W@F@e%@mﬁfp improve

FET@&Mﬁlﬁaaaesaﬂo@rfmhwecieeﬁamg exi sting planar MOSFETs. In

o8 SRR aae LS PR Sy SRl
succebdnb prastigeplea O Tar b dbdbitgae MOET'S tvgpaads m4ydie tused krenariell short

changﬁ Q@e\éfs OA FmﬁE’?Q a 'r:écghE E(;[lbﬂej_%gtla Hgl@tﬁre %a@é}ﬁiﬂ oocf s‘ﬁ&f'algndefbeﬁawor A
vert] fin, The FinFET structure ma fabricate

Finfgd i‘“ﬁ]@g s Aghel G i vseisd dng TR é%‘c er’ﬁaP/ 5% fa’i”ifaffci]‘ﬁg‘é layout and
process @chnfqoss siodimtethbde osd for pbraergipnaMiDBEEMESFHI.SCL OSURE  OF
THE | NVENTI ON | npl enrent ati ons consi stent with the

resent invention provide nethodology for formng a

DS QR THESNVERARhg & 1in in a Fi nFET device, The

fi rlmpxayenkaeoﬂs bénkinred with thE peseafimpinih plroagé 0éthddelogyeokiinitgheate and
thin: &%tfl’fq 1noaﬂFé_Jl1 ]:avlécﬂet ggee%n Il’é ?lee [h?r%eedrom aﬁr}egréag% nt'c:)?%uc%% w‘%&h of the fin
in th?tmg@npfwlvﬁmlde‘b@ set forth in part in the description

wh | A6l Ad%ﬁﬁgé@gﬁh dekbr fé&&ﬂés Wtﬂe'mv@(ﬁﬁﬁ)m 13 02 118 M pakt éh the description

ng ordi nary ski

wich 0 o e e s oo R abpatpop gppinaion o
the follp@ving pemdyibe @awéd ftomethd pracgiee of ta invitien. thv advhdagesand features of the

inverdtBR Y R Seaffed tmta%btaaeég phrBMEAY bQRteJBRYin BE apRAlel eGiths.and
obt ai'ned as parti cul arlée 0| nt ed out in'the appended

cl dicfredingAg %Pfdﬁehtgn‘%“"flﬁ BrEnsArd hR) &R sAS arg fygieved in part by a
methbOsEGINGg gacid a GinET datte.aTie-agasd adlaleaddposaingd fitsndipaiic ldyst over a
r E
s1hco% on E}E’%Q&g (?)szggefgr epegcgelastﬂﬁ%;aﬁr uc@s E 4113: F-Eyeq &Y énqgslulaa_%%yer The
methe%?o igludes; fprmgng g Tesist m%ls eifea Ryftloe s@hf) ﬁr%aife!?ﬁtﬂc Wféure@h%@rtwns of the

first e‘ﬁ@ctry&aiye[rana 86dobl A9 nék cBieleld epme geamrasma fof a iR §rld| ad@lfeleBi€lc cap covering
nc udes 0

a top gwéce tl-BgiPt 'Iﬂg ﬁnegl}og P.ﬁtéer f1e ugets dgpo%ilrg &g?t%ay% g eé Fhe %gl?actﬁc cl%&lfieposmng
a secprglrdicleoinis lagdr otehthe 84 Kayer, stchidg tbé seetlayiecandl sppend dahdnslayqr tderm a gate
strucluﬁ‘yﬁ)Fnu%deQQVs%gc%g aéﬂyceﬂth(ﬁ g5t€ §tfu§tt1re IZﬁﬁfgrrrtlr% ftﬂfdrﬁlé'l’ectfnh ﬁyé'i‘ BOer the gate
dielectric cap covering a top surface of

The nmet hod further includes gep05|t|ng a gate Iayer

over the dielectric cap, depositing a second

dielectric |layer over the gate |ayer, etching the gate

| ayer and second dielectric layer to forma gate

BA
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structure, formng sidewall spacers adjacent the gate
structure and formng a third dielectric |ayer over
woOhersgate1l WO 2004/ 093181 PCT/ US2004/ 009669 BUTWSR001/809669
and sidewall s ers, The. nmethod also. i
s PG e (PR PSR B e e Bt Sspgiedngr o gposea o
surfgeirfitiRoerond didliéveicsayeonaodigheetond Gelbcaicdryer ané o yataigyet nahe gate
struc%u%: Qagnﬁheeﬂinecg EeELllcg LVQIYhle ];h@ @ig in aQﬁangé’}tre%mIn vl sehxﬂ 4&&& rgﬁ\t'icee and
st ruct ure, In to reducé a wd he
depogifipg 4 &%tealatfﬁﬁmmla% é’ﬁiff‘@ff?"‘%ﬁlfga‘? K&erseni conduct or devi ce
andiccAEPOSI |aﬁdtuagas§ecgm1e ifvedtiof, ia alethb@ofmamlf@ﬁﬁng hemiceimwmedievice is
provlglg(%] g[‘rl]llf: Irar‘%tﬁc?d igc?uﬁdg{: tﬁ 8 . ﬁ%lﬁ:lt'l eaoéltarl}l %nsulatmgﬁgeé mf%erg&tggig tsl{)ucture includes
a conflagtive én. | He npﬂlmrdlsdérﬁludés Heming sdvesd amdrﬂedlmm&@nsa‘fommgrvggaa ofer the fin

strucird 446 teto®inOiRe gﬁb th BrSdd @Jeée@sgd 4r8Y &ho mMMAEG bR 1fabs thinning a width of the
structure 1 n¢ a conductive . fin. The nethod also

fin O GG Pt B HE B B PR AR P E ABIEBHS e 6P g
gat@heoutiyantdghennd femturesmfrtmrptasarnelnandbnrvelﬂrbnwnmeetdhg appae@ td those skilled
in thﬁ ra].% ﬁ‘&rﬁ 3 lelg\%%% ﬁeﬁ:ﬁle«?&e@ﬁigu&[lh %her]é%;bgﬁlqer{t]s%ﬁcg a[;1d hég& bycgﬁ‘gwde illustration

|nn|ngavv| finin anne
of th? prat radprPonisiaiated BF cagreing e the iyende odp foveigornis ﬁ@ﬁt&q ofjmedifippgions in

varidu€ 6B Saespadtsal wﬂ;ﬁut@ﬂéﬂiﬁg a6k @B tnRgasn. Aecbriiedy, Weakwiks 4h® be
become readily apparent to

regat%ﬁc? qﬂs a 1Felvlr?rga Lllré) ré]lnd}/\l‘ﬁﬁ)li as restr

S arlfuvfr omthe follow ng detail ed
descrl pt| on. The enbodi nents shown and descri bed

BRIGH OMcRerTHbN Wstit@inriwinels t he best node contenpl at ed

for, carrying out th ventiagn. The invention is

c aﬁ‘&%feécedi‘ m%’ﬁ&i t%ﬁ a&‘éi?‘F‘lo‘R%W‘P%ﬁ’ Vﬂ\‘?‘&?‘i Eﬁ’%“t%*ﬁ‘v‘f‘%ﬁg SR &P prgnumber
desigmbtion wiay tvprgtentdibpelerbaniygpudughnet.-t he i nvention. Accordingly,

t Ny 0§ QUWCRAS AR iRl exdnBHANIARH 13Bmby de USh tR ke b B d

nat lljg:rje zgnd ﬁot 133 rag{sagteﬁl Cti vg}% t me) I%F DESCI-IQI P%’ m accordance
with ggremhogimpe RPN REPElighce i s rrade to the attached

dr ag. 248 a civisesegioniliedt@amniicTorantnaga fifie aGaidict efiemeRslary
eme?i Fthhe‘ﬂ%%n%%Bﬁo n may represent |ike elenents

&a is a cross-section illustratin

ex @rﬁp ?cyen{laﬁgﬁ@v Hlugtigigs therigy vipw of fhesgmicendudies dpniqe T Bie f4Arin pogordance
with aC&emhglan eﬁbod&@nwfthb pRfnEeadh.ent of t _he pr esent

If 2 %%A 15ato V1e% 1¥usémn%theg {:ogngar Z%f%ggtg st?ugturléa A agzgséc}é r?% te \{]1
emb@mmftfemese@fm‘teh@npr esent invention. Fig. 2B

sSC IF%"?E is @ @lobseedtibh M%Iﬁ%% bt B rth4¥Bn Y5 Rfn abddBiance with an exemplary
uct or, deyice of Fig. 2A in accordance wth an

pSem C ?&g
emboIRT K eSHHBEMEnt of the present invention. 25 Fig.
3AFigsd matop- qutlewlludtdamttheei@rmmgm phédefvalt spaders adjacofit tig ggrabiacture in
accoﬁgr{‘cyﬁﬁMn%xénqbla?}p&x%Bﬂﬁaﬁ 6r t}ﬁé ﬂrgexﬁlﬂw&)ﬁgx{ml ary enbodi nent

resent” i nvention. Fig. IS a cross-section
il IFE%‘ISIAQP?I ﬂbarf 855 %fl@s flystraEng t}afrforgpthnl oémetglﬁﬂ{cﬂe compound on the
devwﬁ@f:lﬂg daln@eor&untermaran ex@piply afyodineaiad the pedionf t he
l%f%e€1trs g 1g:r.%ér/]sesgc ilﬂFStI'atI he%orm§t%o§ OP a ch eSIecfrJI% ?aggrl r}le dev1ce of Fig. 5 in
aCCOfd@]C?wéTﬂn eﬁmla@aqw@o@mm el thernaesgnhi mV@OOUac cor d an c e with an

ex @rgpmrs ¥ c@m&@&kbmm&m@fg e Bﬁne@ﬂiﬁ? 8fte didé@01ah@Rn thE U8 %e of Fig. 6 in
ons iJlustrating the

[g cl_l 5B ar e ?T%SE. CH]
ACCOLUPHEET B B ReTRPE PP EERBUNY on the device of
Fi dig. 78 illpstrateby rdamveleof wpdrtionantfi the sheml @ateystreisoid raveddncofith an

exem%)ﬁglehgydﬁﬂénk&@hep@s&tm@nﬁ& a cross-section illustrati ng
formati on of dielectric |l ayer on the device of

Fi e Sllpsracbranarahi et rerian oféstf‘edr\*ﬁ% B3 BRpEGiseRrdage with an
the present invention. 35 Fig. 7A is a cross-section
illustrating the planarizing2of the dielectric |ayer

on the device of Fig. 6 in

@ t he
an exemplary
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accordance with an exenpl ary enbodi nent of the present
invention. Fig. 7B illustrates the renoval of a
WOQD(MVOOS]ISDf the dunmy gate structure in accor daaTaSMOBA09669
exe enbo i ment of the present invention.
em&’%&' “g’ﬁﬂ%? %/tpeaqresgn t&%Penoval of another portion of
t he&Fig O mmgrogadeaios thusietingrtie thipnizeod te da meeshaing! egin in 2cow@nee with an
exen%gdgy%g)g(ggjg;copg;rlgrggglgé}{ugp%ﬁg exenpl ary enbodi ment of

present invention. Fig. 9 is a cross-section
| I IFugs {04506 7 Figsstsprion Hpsiafing ﬁ’e STMRt0R o 3 FatejipyacgordaeeH@jan exemplary
embdicﬁ@dnﬁ&fthel’prewﬁﬁfedﬁﬂmce with an exenplary enbodi nent of

I ] L§ :l 08 Iv{c‘e?{'/ %Hl%trag%{le sel%cor#d%r aevi@ oﬂ:“lg SI%AS ea%ct:oré)agce with an

a gate In-accor
exenmilamnépnd@%énﬁhwgsem@vmdu ment of t he present

| n\*f@g'ﬂt ﬂl@fl 1D Eﬁegmss’ s@ﬁohﬁll@triti@@thy foﬁﬂ\étlbﬁ biaShi At hﬂagldtstﬂ@ture in
i n accordance with an

tor vice 0
accoﬁjﬁ‘é?ﬁﬁvf Qﬂ‘?t %qe ?fﬁl‘ffprets??g““beflg?ent i nvention. Figs.
11A- 11D are cross-sections illustrating the formation

BES? MEHIIEC Akt y REUACTISE fEh@y | N accordance with

anot her enbodi_nent of the present invention. 10 BEST
VOOiE® folipviegeteiisddesceiption pHE i IUENTITERO T qoBPInsiRE Agwings. The same
referélit Aintberd inHefdddnt @hwiOR nfaf idbhiy hewaen b shiiilar @éreins. Ao, tHa@ollowing

detai}l RCORR 1{& 09, I%Whggventlo h?nsfééc{]ﬁ fchgef of Ine Hs&ndd {éf’ﬁeef%d byrlhe

draw n sane or Sl
appeedeénlelmssnd%l@éuw eh‘é foI I owi ng detailed descri pt| on

do Qﬁpl&ﬁ@ntab&f:ﬂc&nsiﬁt@ﬁ Vﬁjltﬁ] V8 PredeRilnvehdds b@alde méthRs m&a&frmg FinFET

cevigdp PRUGRIFURRE & TS AL ETSA D RS P Bl Ry g
dumypy getemdy be repemdd a@ththpﬁromydze etaiet hodicothe wief e fimmitgghannel region of

the FAFRT E&ce dgunqﬁa%ve th&lerRNBay! 1R lb@a(%&ﬁt@ci th &t th@ gunmy gate
ate area a. Fi nEET eV| ce. The

formed in a
d u#fﬁ/ Jytraenag s s?cg?ﬁﬁfééenﬁcﬁ&duftﬂ%def’ i Oy sEn e yiga
embadghnCe the lpeesant idtehticaf Réfbreing to lﬁlg_l h setnhe)nmin_amteeice 108 giag imclode a silicon on
1nsullétgre(851) glfu%tﬁre‘il?a fnglgdes 1’1:%119091@ glﬂ&';a{e\{% _‘Jﬁ&r{%ﬁ b)ﬂ({le 155@1}’ 126 Ql%rll sglgon layer 130

oSsIt ormt | Ustrat es
on the ng Qg@dw%lﬁ%ﬁur&d QEPH eyew&e eltdcfrhc‘a’éwet’éo f@an=fewr?éan ﬁuhstrate 110
1na(ibﬁ'€éﬁﬂidﬂ&lﬁt(a&new t h an enbodl ment of the pr esent

\(ISne g]llt exgqulp'l 1m ?ementeﬂ% buned o%de 1a er TQ‘ZGO ma%l anﬁjlél con 4) che s@ch as Si0,,
e a silircon on 3

and lsetyrhetetaulr@nfsh mgln&ﬁqm@e@ 1300 tp @leoe?ﬁog%s $ikigpn dayar 180 mgy include
mondsla Bk &>pb19@ystaﬁmsmmlaz RavaRd tickidsd dakpy flomyaBsut 08 to @Fbut 1060 A.

.. b d i de |
siegilrieE iy e D BTGP R B BB aP B Lh PD ot
c owdstnpton ahplemeneoms cozﬁstdnnw@tnheep(@ppp inaq;rgnon substrate 110 and layer 130 may

comﬂrﬁp&m&hdu@t{h’g ngléflé@ gJCQ gsl Oggﬁ"naluﬁlyl &r cc;ln%ﬁlam oii s@xgjc&ggcuﬁg materials,
ilicon oxide, such have a. thickness

such F‘%‘Hﬁ%é"ﬂf‘?‘% &BB?PPWS@WAZ(PB&Y&“B&%I“%@ giclecsiemategpls-

| ayeaticlde810 1ayery 40, awch ddkesilicoomi@iad ygt alalsiling oaide layer, may be formed over

s111co§l‘?43¥r°1r %ta@t' %@‘&K&% Lefs Qikin ??l%%e@%n?&téhh%ﬂ%@e%&g' angeA

bou I con layer E
lmplfrnsenfla%@ddwlwrfcéwm 140 mpy-pefdeposiggd pj ajipigkyess raggiag feqmpboy 40 4 g about 250

A R, ad;ﬂn%t@feblh%ﬁtehzﬂ H@Bﬂeﬁtﬁﬁéﬂlahd ﬂl&érﬁl%d/ to fofin zﬁﬁkb@feﬁl&ﬁﬂa&ﬂ@ﬁo for subsequent
ol TR0 TR U | B BESL YT
s eSergiomduntcr devipe rll@lreqymah §¢ etehpd Hn asexgelﬂilmmpﬂﬁnentgmn SthOIl layer 130

may se%mma LRSSl lﬁaﬁmrcmldwe%cmg tefmha%g; @J b%med oxieR éﬁzo as illustrated
| 1 con-germani um Buried oxid

in F1$ ﬁéi Bﬁf@“?ﬁ REje- ot dielseitis pyer Hret ﬁ“ﬁf’% ayeN?lfi’l héYeé’E%‘F CEedI tyforp a fin 210
140, such as a silicon nitride layer or a silicon
oxi de |l ayer, may be fornmed over
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silicon layer 130 to act as a protective cap during
subsequent etching processes. In an exenplary
wonpl4marist at i on, dielectric layer 140 nmay be deposiStmd009669

at. a 1hi ckness ran from about 100 A to about 250
compsigingsiliqep with a diel E)‘I’irbctcg? 2‘@1 st material may be deposited

anchfpatd fernmech df din 21U, souge pid Atagiressans manteskrnibd Bljdeont the respective ends
of ﬁlgﬂgsﬁcg légagrlple i r?&%rﬁ[iﬁr? grabo-gﬁ}@ntpﬁg}tepgf%ﬁlcélt géﬁ%’nll}ﬁﬁor combination of

osite I n any conventi onal manne
SthQBéﬁfi geepRItvE TRy bﬂ é‘?PP%téd PiompreApd f’tﬁt@ﬁ inpecopiertipag) mapngr tﬁﬁ)fm source and
dranﬁxgcmﬁl Iag mBlﬂnmtlra@erm E’tipaIelN@ﬂsemﬁ:bxldluﬁ&l’l ob aylecrmglsaﬁlce 88y 1@ and drain
re 2?%9 LARIL £lop ri Phsbodiment of th
gloln %tj aﬂ&celbt m 1o e O )c()iu?a)iea e}_acicE ng to an exFrln ar lio 1anen of the
presqnpinfengpn. Zie tojRgéveintigngp is oridated Suclzﬂlat thfi Ceqsee,epmqnen lflaﬁéris tgk¢@along line
AA i @% £, 11hE P idr @G hasd 30 iHRViBusRR&NN Bl ChEM: & IQPH‘C ma f In
2004/ 093181 PCT/ US2004/ 009669 n;prl Si

o ITPEBRoRS SR GO B PRCeLaR o SAbSTOATE Py brgies Phift gt
devi@f106.i The 2dOstru@@t inft2ilafadhed brasemcmemtmvwealybo ey Beoefpred to as a “dummy
gate’ as%le@&u% gI\te %oli]rﬁatlox? ﬁlaﬁ%tr%ﬁ{ﬁeded?gﬁter tﬁxtga, geslrdgsg% 15(2% crl]e?afﬁ%gg&l €n an
exen@@rm@nlrawﬂtaéwn é@%iawawd@rﬁrowuve §1eleft%ﬁyea%y WPP&‘I‘ﬁd QY Fagl0 and
dielebEc 69 ﬂm;dnﬁ eldhed ﬂﬁtyﬁrﬁf dAARhy @ﬂﬁstﬁ&tﬁrh EHigi3A ifa B e Hﬁli;tﬁﬂ@ dummy gate

urce .and I‘
300. ?% 9]? S a C OéSS secaEm? S sem].coen\glvuc(tﬁ; desv1eclg‘,n rl(gi ot%( ?n&ﬁmiBB in % l3£ after éormahon of

the dgmuyy e@e 30ég Rcfmlmo Figrih, dumaivrgate feQphorinRea f)@ysmé@h or amorphous silicon

1aye@db A6y nive @ tms%g%rfﬂoﬁqb&mde\ th a%ano@@,@ andBCAGH Bh Ak from
exe

t of the nt. i nvent
sk e B OVD 1} Rg e8eh {mBr SR E St PHEPY Effeio8 i e
includ¢ Dddecs@ddyed0 ihat cEmgwesZ%r ¢xgmple mcpnalﬁtodvgmdl mgpehave/pAhickmess ranging
from al)&rt 1(%% to I&St %6 gt %e?e%ﬂng ¥ay&r§§kactl gpa ﬂr&eéﬁ@é cat) ko Hﬁr,toﬁ ﬁg&q 10.

% for SITTEICII cEJOtOI'eSIS
ma)/\ ekt g et w7 @F@mﬁwefbélofa@?%&r’mw sides of
dumBe gatec:m)n aisl 1 u@iated O FIL V.| SpaceisAdo mdemgi @ sifitdngitieife., SiO2) or another
d1ele|ctﬂ‘lf mat@na yIF x@igéary gnﬁe‘?rﬁht&%ﬂ qﬁ&%l&’t:ﬁ ﬁgs Xcle ﬁld"&agr r%g erI‘? about 50 A to
aboug tﬂOPrﬁt Smerﬁﬁ;() nige Peeehy dw%afmézw e swbﬁwnt la%ce%&@s andifgsdigpte doping
of soufde/fRiR €8S B0 bnd28bOW. I n an exenpl ary i npl enment ati on,

a alé?et?l iaagr%@o ma dbe%e;% 1 gsge%slo\t{rge/gjrl el el:_(:')Els(r: i2§ gnda%gdls ﬁlia sé(fate(? in Fig. SA.
In arﬂ(@héedy implefngrtarion, netahipyer f@tney sciudrotickelecob#f q ancgr efalgnd may be

depobiRB toH tH¥nbds kaﬁéﬁ% 8ok {bBucdy mabglﬁb@o A 3RGhernl ShneaBB rha%r tl&n be performed

Cross- s ction sem t evice 100.ta e
o 1o RREEEH BT O PR T GF it PBTPe0He ST Oy ot vith e
silic@at @uB@ain Refoes 220 agl B0 toFirg.a BB)-sibhiderrpmpmnd s@D s Nidiyr CoSi, based

Ontﬂeﬁﬁh&g@mﬁalﬁggryﬁbhépg gy or anor phous silicon |ayer 310
ave a ness rangi ng fromabout 300 Ato

ab ¥ %@fwﬁ I3RRP 1A ™R et IAPOPiEA BTCREF M OBTPLORASYE 108 on AN prgmplary
1mp1&hxauﬁon5&iaeo&1c| 1418610 hayinahde b @ghathyl @fhoSkaic CTHERY edn@bund and may be

depo dlf’ég ) a%%u;!kness fan§}rg1gr1%{(§g%o§ﬁ&%% tngé{OO% SIQ alte n&%’e&%ﬁ n%ntations other

dielegffi¢ fnaferklspvay b¢ eped. glivel dlnlasvrlqﬂl%@@ Hlamherkfﬁe’é?sarﬂ% o fejamiflq; pphemical-
meciRROH bolki: (ﬁMP@m@sb&lﬂ)Erfo%Q& t&ﬁ)laﬁlﬁl 1RCidldoBic 19310 BidAheABbe& surface of

rotective or s C
RN L A RN e T R PN
dieleftoe cap SPacerten 44 @madf agenfor @prppjs latwet etdhiohe grooddure,chsiiyrated in Fig. 7B.
In angé%wngpla%o%leﬂéntét 011 %%9&&% Ose ah g(:ld éuch M@@I & r8lfe BBYotric cap 320.
rise a silicon oxid or _anot her

Duripg th Ging PrOCoiBie 10Kt dlel‘icﬁlcéi‘i’ 3@3 éwpﬁwrtPﬁﬁi S@?f@ﬁ%f‘%&aw%ﬁelecmc layer

the width of spacers 410 may range from about 50 A to

about 1000 A. Spacers 410 may protect underlying fin

210 during subsequent processing and facilitate doping

of source/drain regions 220 and 230. 25 A netal |ayer

510 nmay be deposited over source/drain regions 220 and

230, as illustrated in Fig. 5A. |In an exenplary

i npl enentation, netal |ayer 510 may include nicke

cobalt or another netal and may be deposited to a

o I N rYr I P re
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30 on the particular netal |ayer 510 deposited. Next,
a dielectric |ayer 610 may be deposited over
Weenﬂmnmsuct or device 100. In an exenrpl ary PCT/US2004/009669
npl ement at i gn ielectric 610 may include a .
610 gy %lsaéﬁtrfr?y?d saﬂt%gﬁ PRPEEIERC @rfjé%é)n DG 8 irviBbsiape i plgrapith the upper
surfadeqifeﬁdcetredlotam deldottic Clymress aflﬁﬂgatergn FigofA.about 2000 A to
| RALAL )
dl 8 1cA\% la%;er 31% &ll{égfy Srglﬁ%deﬁrgelﬁuse dfﬁ %i% dF;o?% al% le,. s1hc(in layer 310 may
be efghed U%Weqch@ﬁthwéa‘ﬁlaé%h P‘F*ZF@BC“"%W“‘@?@H% F@OlyahQ?Heﬁ‘iﬂ%"éPbles 5111°°n

mateﬁﬁ@h@t@'b@ @ho%@'vﬂltﬁcﬂl& féﬁlm(l 1ﬁU£1}/pdi3tﬁ)n£Jﬁraﬁ)06f m'éQu&dﬂndlng dielectric layers,
er 610

pl anar a)
such &5 SPRSES é&(gernd IEL& ec‘etTlc 18¥ef L{O gg%' %&c& leg 1}6\/[68 T CE gha g{z«ﬁoé)enu&por recess 810
is fogned fagitlestefed ghifed. &clnoiher vcpacp 4320;shapsl spick, ustbme@lttced ghtprefdsgf10, may be

creathPi-nsﬂl)ﬁndu%'d%he@ﬁgfaké;Gﬁ)ap 320 may then be renoved usi ng
for exa etchi ng prqocedure, as illustrate

| g s et 1033 TRt S SIoGAE B PBICe ot chame
reg1cﬁtoﬁsl’¢mﬂ§&i}duht&&leﬁ6b 18C.i Fip 219uek thasbeHBRIb retite e Rifeof fin 210 in the channel
reglon ?oree%a}n{ Ce% th]?%fgcess nté mlngg to%&ﬁ!;y tHequtEx%F t? SﬁOEnq_he channel
renov [ é? ectri an upper portion of s AO
regiof] @orgqu offing1@ pqt jnj the qhw@,reggpn\@g sPOUOArongigns 220 and 230 are covered by

dielebled ia&@gﬁﬁ@ﬂlgroﬁﬁéﬁs th[&_@ Qorﬁﬁlid oﬁkﬁi@&gﬂf%ﬂ@ﬂ@%e%@@@orﬁ tbﬂfglekﬁbﬁ while the
s ilicon |ayer is substantially
demﬁ(f)‘g)ﬁtﬁ)in aﬁt“t?ﬁ(‘} ﬁlgmh%per surface of spacers 410 and
di dligetlivitete atpprie® dxemasndidtdr devtioe 4@tedter the diihipg. Re@erring to Fig. 9, the

dotte@'hllés Cr\lﬁlgralteﬂyeetﬁmgéa gorﬁafyof hﬁ]% nbﬁe EIﬁl{ﬁBM@Q@n 3% ad elxérhﬁztrf ﬁ‘tp@ﬁilentatlon,
licon

310 be
the o&r&lh\@gth Ggii" rh?dO Imé%l]&e( rg(ﬁx{:@ b{y ﬁl%ﬂlt %éwmgterﬁ fr@xﬂ tcéltog ﬁm asa result of the etching.
The gidihet fin ViOtiythelbimerreg@editr the@tcpiog, Jabblkd 25 0Min FigaP,Snag reajs fesn about 30

Ato %ﬁdu{ 5%? ﬁ 1% aﬁ‘@!efﬁ?lh@ Lmﬁﬁp&@ong?th% &Q@M%@eﬁ(ﬂok fi g&m& t%mg%irsu)gd that the

t% cant trons o t he surroun ?
widtppfdingdq my&epeag’/ e the Parwéwe\&ge reqyiagreen’s anhqhenprpmgiors) Weh as fhe sate
lengthAYRE 8 MEFlgNlﬂlﬁfrat&ltlLel 2610 n:césaafef resddval dfShefdefmY @4k 308gBiteiclectric

layer(':__hqs andgge\fi/aﬁl s;(r))at%% Z?l% are nat shown in lgge n?)p i l lustrated in

er wor space referred
to Aalsan@atoeslr i 18 podth Wﬁv ZIerm tf@ P@aneérfgﬁome@wpwtbﬂm@icw@umr

devi&di 160 BGEHiVE gdod WIRE: c@JnQ}I ccﬁfr&leFortehﬁlpga& Gorﬁeaﬁﬁl%en&]ﬂ&lsi iBmay be desirable
e surf

for tlfée)%%%g gféin:iﬂ(? &ol,s?ig %%ﬁlgﬂ ng tg t? éegqa%g suc éeésr{Fagl dlffgftogﬁhe gate length. Itis
very défidult & atig@e sueh par@ieramaipg tdnemtidyel ldtoghply. Tnptieederds forhieg fin 210 as
descMied mv%tﬁrhsge@éb%gs n M@A mhROR eéry diffR6l BRehidvOF sifXAAPEh the

demr@?lﬁmllgz}x ct:]:r '[ﬁlg gr%%ﬁtﬁﬁvglfatﬁg fogﬁgtﬁ%f&o{ 1 (r)rglgig{uglwgl eg%g%q%lnbtﬁ%m@fler described
abovk hrmd tih Gentods therluhing gadvan thidk the gl Diis rasnlls is @ destalydraaowfin, while
r {

oo AR L3 AL e BUSELEA ub As or

deVh gditien @“‘fer"éﬁﬁ“b‘é?gﬁ’é f”é%]@r’i‘é‘é! beaprriprancd png agessighggpoess, the side surfaces
of ﬁrimmrﬂa@f)b sﬁfootﬁér RAndZnldde lhrﬁfoﬁrhhaﬁhﬁllﬁiﬂe acﬂ45ve5h@ng lﬁlogﬂabﬁy&toﬁcﬂtm&e &moother
side su%'fg es of%n 2&1{ 1}1&8} mPrﬁ\gencd glgrt oobxhgy o\f thte verl’fl cag% {)rtlengd Fhannels of semiconductor
dequelpojst r ate the thinned por tion of fin 210 in the

chapnah 1@&%% |tlfén Eende RO A Y pALRERNG, A 1|lle|E}ated i h@ 10A. Fig.

overall w dt( about

be reduc d b
10A ﬁgﬁ@ﬁsestagllog tal q;ilrﬂong lbne f_‘6,‘dn %ﬁwrgagl‘h%m?tg érljl efia 8*ay %@rléettWFt?Fg(w)’ tantalum
(Ta), Hoe@iuw (Th), mickdl (i), ML AaNpor sdne otlaamea] and gy @niembited ko 4 thigkness ranging
from 091%069\ to L 9@1'08(9' a§en¥yohcnlctﬁl giategals H as' sd eorf L nuﬁpﬁw also be used
00" A, I N an e

as 1h%)$atetff*?émplr éféeerﬂ%tal ﬂawémoi w be mhsf% wP%ﬂ thB @egﬁawﬁn@% Plappg frith the

the 20 width of fin 210 may depend on the particul ar

devi ce requirenents and ot her5 paraneters, such as the

gate length. Area 810 in Fig. 9 illustrates the gate
recess after renoval of the dummy gate 300. The

dielectric layer 610 and sidewall spacers 410 are not
shown in Fig. 9 for sinplicity. Advantageously,

thinning the wwdth of fin 210 in the channel region
enables the sen1conductor deV|ce 100 to achleve good

_____ e o o o o
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descri bed above with respect to Figs. 1 and 2A nakes
it very difficult to achieve a silicon fin with the
wdesidroabisy snal | wi dth. The present invention POTNS200M809669

AR TN R LA g

regidni ofi fin U0 S results in a desirably narrow fin, while 30

aV (}fbléj ll&glélmgcth QQV Q{tlge sb&%nﬁﬁc@cﬁ déRe Q@U c%fx %ﬁtwulhhhe present invention

yin such fin usin ogra
aftefd'llecﬁ%@ ma1eﬂal é%llé?lhﬁﬁ tzsﬂl de%%S&‘FééﬂCt H%aéla%ﬁl i lklfﬁtr%sffd @mﬁomﬁmﬁﬁvce 100
inchlaes mﬁm@gam&udasé Righ AteVBL0 teing Hisfoked 0L Sither siddQf i A18. The shaded areas in
Fig. %ﬁf repr{aﬁ%rbt St’hee meta; mgc\}%%ayargﬁﬁ fo b eﬁdﬁagg (s?ct)urr]ceefdrm%r}?%ons Eﬁlzﬂ(? bJOo E}ate 1010 may
incluslprd etdabactrods jorjeontgetrifugieasest a@ﬁatef qqutrczii @0 lr%ayFlg rHpB dvele@@t opej eagt of gate

101mpadd1uw aeécoﬂdfgete\ée&t&a%hda&m@y Eeemxe@at@té%ﬁsbelte%n@f)f ate 1010.
conductor | ayer

the %Hcafsﬁwg?geoea §06m %]38 [y 1*3?8’ *geélp%ed aﬁ% é’éa§‘P§1‘OtYPe [ Ppe impurites
mayibk mpEihtedingdirdenirai iggiont Q20 anfF3P. ThelPAicilg i@plantpiosdsaet ind pnergies may
be sél@:lf%g Baséci S Iat'u arg% V(\i)eace': rlecgure entsTBE d}gltdﬂlldty%h ﬁmrtfng%rt @d be able to

rlsetu sen , trtanium
opivg BoUCHfyin lmpéaeraﬂpn PTReRES despd %Wélref%@mfwta pd syfichtepedye not
discloed degaptiotRehokt © uadutymbﬁbkﬂaa@shrﬁsammerp@senf I QIARED tswewanﬁac&s 410 aid in
controﬂ1n'g BIOF Catl:IGI(l) gt(e%krle I’?ﬁlﬁ ?ﬂlrﬁjgnrl]c 101rs %r}gelcﬁrnalf} Sp%%llor?‘s o% ﬁ{l ZH) in th{: alannel region
fromphging rmpéﬁnted Vhlpinypptitigh. Acweqm ey theedqretfprgned a@tyatp hat

sour&e‘ﬂﬁmﬁ% igds 2bGangtftst antial ly planar with the 5 V\D

opadt ?e§ Taem QY (3P VAo e 19 R S-SRy vith e 1010
extehdingeserifin 2 F. dn sof® Anpldnjentgtionadoasistdnewighthammesknt irwewg'plg the @fmiconductor
dev1&:| 1dp gﬂlgrate(ll: lngﬁg il(gﬁnéyl lJe glﬁﬁaﬁl%de\%a Br JerQplé/ Ia %Wﬁﬁ’(fal Ihnsﬁamcal polishing

sem conduct or. devi ce 100 conhsjstent with the present
(CMPH{PEFPS Y Hhe PAFienet gi‘t‘hlé‘/elj LY18 aboxe i 7181 Ini‘@ﬂﬁpﬁﬁ‘%m"ﬁ‘@% (§lectrically and
physitepospatadd gatestng lbafoandd e eithersieiof i Or Siick ghtes may be separately biased

5 includes a doubl e-gate

mm£§$%%%89§£h8&ﬁﬁ%%dgﬁfé%g bei ng di sposed on either side

of Fhpginpgqyrdanc ewts hasregntdpieation,afoutis-gyte FifBT degre isfespped with a thin fin
in tht ERnI¥EE b & it FRFEE ddvay erhe Ee&mengri‘fﬁﬁﬁe QNiBiks gemuh&eétdmeu Bhavior. In
addlﬁci gtlhef méci%} égte reguces I’ﬁat?é reismtanc]e andl atv n%% apsletlgxcl: yt)rLcj) eims as%matad with polysilicon
gates} OPhQ prpgqnt Ii‘tlvgntw&@B als pyreawlol ngra@ﬁ elt%q@elveetfoné a@r’ewﬂil@@@ fabrjicgtion
proc&gidé.t i on, a second gate el ectrode/ contact may be

formed at the opposite end of gate 1010. The

source/drain regions 220 and 230 may then be doped.

For exanpl e, n-tyQEHIGR EXEMPIRY WSBOPIMBET 10 may be

l m:ﬂ'l %&%dedﬂne%@ Yf tﬁ%‘r@glﬁ Hr{\}erﬁl%g 'a Q:Ré allzgg.m@%Sgﬁpma &Ef'ormed For

particul ar 1 nplantation dosages _and energies (y
exang)éq, ]étg.t 1é6 1151&5'1@3 a gﬁsstsq,fgo%\hwm @ Kt |F511FE’5 ‘iﬁi’lca é\PB 8@ includes a buned oxide
layer I& (uofn@fBMi Sibst@d €noodhoail) ciith a iy 1R ifdrined thbrd:oh] S deyretch pitdsdmay be

perf&%edqg tgh ! %rtlog 8} ﬂumcﬁo“?udg E?er% Pllér S ugt[:a@d th 1*1 S an d).@i‘il% %E etching, a

requl renen
port@t ef;bsne&példhlexer Hi18 feaesidbglon dip éMQ njaj; beeeved. nlpthergvordsctiy gjching may
laterﬁltj}%ﬁdé[‘cﬁt Jﬂ%ﬁloﬁ birpdsdd oRide talﬂ@ 1 R0 e a8 belo R riMGPﬁldlC@ﬁidd@W@&S' 1130 in Fig.
jpSpacers 410 aid in controlling the location of the
'source/drain junctions by shielding portions of fin
21 (A seppntl breh, el mrretet stehgmapnthehDe performdd et aigh therprhamigayrtinn pitpuried

oxidé ARYE i 1b hRsed B%tv'f\{%io% ineakd g1 [@yTh'é Bef i ?na? Efeta@w m%i@rcut the
to activate the source/drain regions 220 and 230,

portippef hpiied RgdsIater Eld R iperiaddrlon 0 i 228 oHioRvelY fusropding tefin HZ(?:?Vﬁr. buried

10B is a doubl e-gate device with gate 1010 extendi ng
over fin 210. In sone inplenentations consistent with

the present invention, the sem conductor device 100
illustrated in Fig. 10A may be planarized, via for
exanpl e, a chem cal - nechani cal polishing 20 (CW), to
renove the portion of gate |ayer 1010 above fin 210.

In this inplenmentation, electrically and physically
separated gates nay be forned on elther S|de of f|n

PNA PN . o o . o
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in the channel region of the FinFET device. The
resulting structure exhibits good short channe
woebaxmwsisl |n 25 addition, the netal gate redBCEISYRUB09669

. resi nce and avoid | etion. problens
oxics E5tsd| Ao e iy S Peind R pp Sl po oterporion f i
1020 that era farioed oo &wried bside lhyer HAS prldyare] cpnegigdad el sauttt and drain regions (not
nventi onal sem conductor fabrication processing.
"HER EXEMPLARY EMBODI MENT | n ot her enbodi nents of the
pr s eptoxidp ey i 148 may deybe fermsd pn ths afer SSSEET find {20178 illustrated in Fig.
11Df QrgHEEElyer fFo0 ma?»@lele%amﬂsﬁd obdr @n 1120 Jaé\ﬂnu&tdawastnrmg @8D. &he gate layer 1150

FET
may surrolund él?eetcn 11%{l P annel ffélon ?fF ther;emi%l%ﬁ:yof evice éﬂ)% ’fhe resulting

semisubiwier 4tise {HB1s o yrow AT bith s020er et diogiés S the channel

regidd of§ehhicBidabloiEA&a380. My be performed to etch a Port ion

of burled OXId layer 1110, as illustrated in 6&?1 X

11 én thy ml‘teYlﬂ.@ eeré)ngts 8us saemfk%letfu}s&fe sﬁﬁorglusufslb'ﬁ aglatenals

strudnggg athendidalOprbesed @d, ib ei_dexw) providelatRGouginyndbreandingol/depresent invention.
Hongyep %{e Y@Jnﬁﬁgaﬁﬂgaﬁ}eg)m(a&g? g@ﬂe{)}lt r%_s?_lgt_lgé @ (t)ﬂ(e{as]t)elé%g g&?&té Eet rth herein. In
0the111&%ces Mtealkw{né)@cwn%ﬁu@ggresl@wq l?eerpileg:nbedss defajlpin ogger not to
unne‘é@ﬁhﬁ@d)b@tué bhe tHBU4EAT (R PredeniRYen@dnCh, MRy then be p er f or ned

1 1 1 L ﬁ{)‘lg%tl e aag on ucp verl%rexp fﬁea 61 manutgctTrlill[éSfGenu on dlCtor de,\gc«y inf accordance
with jie@reseThiavepiidn cert hﬂlﬂem;ed batoayealidngl deppdiprctehnififee Fop melen

metd@fzatRH Feb B EuQXdubtEas hAWES tyded éﬂt\ﬂﬁ%&@e@%hm&%g‘ 1bW prbdkd® CVD (LPCVD) and
effg&@é%%@% suspg@%@gg the fin 1120 over buried 6 WD
enbasge) ) SBFSC 4/ 009669 oxide |ayer 1110 in the
C hale presentégyegion is kpygicdblerin thd B@qufdaosise\od Aquble g bemdconductor devices and
parugﬁrﬂg %%Ttdgvéep @ul%e gﬁ feRREL df Qébsnnpind Eél&v 'lghg glgse'hnffi)\tentﬁ)ﬁ & applicable

formed buri ed oxi | ayer and are connected to
to the ﬁ)émaél%?fe@/ of HLoBY LR oﬁ,sex@ﬁcgﬁgctc(r Heytlces, grﬁlm etﬂlsdﬂsfeémt been set forth in
ordepis it dbayieng tHelidst BBYe frévem idventibio rirpectoing thh pre@xXiDS8AWN, conventional

r
phot&ﬂﬁo éx%?l?ds anQ gti}%%ec%ﬂl F]rg ?}m%lgje% éntrt)i Ol%%lct% gnaé c%{;lle: ér (9 FUCh %il%%;ges Ho‘ve not
beenégt f(prth|hgrgltn praie’@d Jngddi cgl while pserigid PEaSES foa?gmng_tjgs@nuc‘qﬁiyctor device of
Fig. $0-H' Ha®bbaglddsdi®ed, it Bhodid 3Qudd&stbchi&ha&3 hanaglof thegb&tseDhaytbh @aried in other
- QL@&Q uctgﬁwgh%e %MIVII The resulting sem conductor
PREEES 1reT g&f€-al f~around FinFET with gate
matle addigion, g lemh dcrt,rpg insthpgtidnjupedjimthe ¢pecripticarvfdib prejepigimigatioh should be

consﬁ@ema&%ﬂgi‘}' GleQEntdAY ke %vgi;hglounlésﬂxﬁlﬁﬁlyﬁﬁsgﬂﬁe@ bSsuch. Also, as used herein, the

e Cr | uner ous et al re

specC S "
article 2 5 iy ndgfgts&c%“?econﬁﬁ& B RS, WS ofly bR sIRaRE o e e or

similprlagegsdssedet c., in order to provide a thorough

un %’iﬁﬂ&ﬂé}é&%@ exglgodmﬁts gf tﬁéﬁ%hudn q}(@anje\!v Qﬁmplem‘{@ Ve%ratlh& Q@ shown and

present 1 nvention can racti ced wi thout resorting
descwe?d e epené fisqlsurgelt iitg ug%fst% fhptriherjgertiop Is cppgble 8%11%%%*1 various other
comlblﬁlﬁtna REESyiroMRbits 468 B\hballe RS FicAlignsStiththGliesE@8 of tAdvieveRtdie concept as
bean.described in detail, in order not to
necessarlly obscure the thrust of the present
i nvention. The dielectric and conductive |ayers used
i n manufacturing a sem conductor device in accordance
15 with the present invention can be deposited by
conventional deposition techniques. For exanple,
nmetal lization techni ques, such as various types of CVD
processes, including |l ow pressure CVD (LPCVD) and
enhanced CvD (ECVD) can be enpl oyed. The present
invention is applicable in the manufacturing of
doubl e-gate sem conductor devices and particularly in
Fi nFET devices with design features of 100 nm and
bel ow. The present invention is applicable 20 to the
formati on of any of various types of sem conductor
devi ces, and hence, details have not been set forth in
order to avoid obscuring the thrust of the present
invention. In practicing the present invention,
conventi onal

sho

express
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phot ol i t hographi ¢ and etching techni ques are enpl oyed
and, hence, the details of such techniques have not
woeen/oe81f orth herein in detail. In addition, PamiuSe00a/009669
WngEégéngﬁDﬁgocesses for formng the sen1conductor
1 g. 10B has been described, it should be
underssheind of feating h@tegn dBNFEIT devibee(1Qi),ccmgd@s mMay be
v ardeﬁéimhé‘a f?xjétrli?eﬁeclglg la?«gm 4@%@1&%‘11‘08% 11885‘@1] (§(t)ﬁ %feyv'thte Bof vbﬁer

present invention. ddition, no elenent, act, or
comprising 2 silipqndayen {£39% 01 a9 "tSHIé““ééaé’Errqjﬁ? i on of the present
apploinGista resiyt SR S0) dve: a poditsditheditkt &Sledlﬂid lhlec@d0);0r

es S ?Jﬂ}nﬁ %(IJr%)ns og tﬂe ﬁrstr&}é%gt'ﬁ{;]fa)l?ger Hm))eaﬁisﬂ? a¥er (Ig]%gynpg %§e%!d by ?he resist

mask ﬂﬁ@rﬁ‘d@ﬁn 1 fn @HY Piddediclnsisic o (S} @@ viring ariop sfiesrad tho fin 921@951 e
lteﬂ%&ﬁmgBgﬁngﬁﬁﬁubbﬁxﬁﬁﬁﬁka@ﬂﬁpa@@ simlar |anguage
L y ]gg ﬁ%erreg?eqbodl ts of the
| AR G SO RO 85 OF S &% B Bae 1 11ty are
shoamhing thd gateliewee (3l @edd serontl Hielepridgent32@] itsfotnosgareatructire (380);
to Q@m&ﬂﬁ@&ﬁﬁg Qs4H@%q&§%x&ﬂ¥£@&k&@(h%)Capab'e of use

in various ot nbi nat1 ons and environnents and i s
capaBE ad‘flfdrﬁf&ﬁC‘PP I%ﬁr (G Asove iy B Hevig 698% of t he
I NviedbriZihg t1e i @Rlecteis layde Xq10)as & oke A @peirfice Gftﬁé\&cond dlelectrlc layer (320);

200 381 P 4/
é%%?n%%h %ec ggrr({rﬁlljgggg erq%)zg% thev%lﬁ-giv_eéé 1@2 s_{ra% e (300)
c orfihing tha §n (?d@pswﬁttcp A gldﬁl of the §n (ZdP)en e@mnpldealmpé phe eelrw)mductor
dev1§b\/(e(ro)an<§i licon on insulator (SAO) wafer, the SO wafer

e

portion of the first dielectric layer (!40); etching

pors itfsetdd of ASmhl fuﬁﬂergdnﬁ)hﬁ ri c |ayer (140) and
silicon,| resist

nmas

( 15‘156)“”%*%%@??? %a*ffﬂ%ﬂt)ﬂ er)ch Qzﬁtdhea%aﬁ ey e%@&flroﬂ(é it %&‘BS“(“E%)Planaf with
uppet ewfdtes Mighesside 0l spacerh &1@). of the fin (210); depositing a

gate | ayer (310) over the dielectric cap (140);

depositing a second dielectric |ayer (320) over

gat’e Thegehodebdgy: 1. wyredh Behichipe theéin @?d%ec}uaeyélw %@Hef)theé‘wém) in the
chang@ €:@1od binel@ Gt Fangind Boreibo§t38 Aih td Bodt @¥0EA gat e structure

(300); formng sidewall spacers (410) adjacent the

gate structure (300); formng a third dielectric |ayer

( 610 Thomethodiohdaimilfrpther epasprigie: ( 100) ; pl anari zi ng t he

t h i £5rehirdia @b lrdgida (izay&lrthe(lﬁsll@ﬁngt@eﬁxm&@acan b 2t BUI b RGE: (210);

t he s cond di enovi ng, the .
o e LU ERIE Eof Gkt Splsiisingt (AP hacqhe Fomasi % fpyeon
i n depreitingeet reetad (51 Ootverrtte sOB@QAR] drdib regioud(R29¢30hedf i n (210)
to afn%gﬁh% %e@eﬁ%dﬂﬁ&to@ﬁevkg@06)‘t@fo£ng§-£&tal|sﬁlcﬁe &tﬂ'@&ﬂﬁ l(SZb)QQErQlQa source
e sem conductor device ); and depositing a
am“ﬁa?egﬁﬁﬁ%¥¥a? (1010) to replace the renoved gate |ayer
(310). 2. The method of cIa|n11 further conpri sing:

gl an %‘Bé xﬁétllﬂ)g a%mge\%l%refmhe% I%ltlgP égflﬁ) 15&1?1‘-65 the

fe materia IS su th 20
up&hing the gaecevsr G10) pHee @ue@evbams&slea@eﬁ Biglt fztcmylectlsﬂy fpribe gate layer
GloyRkme ek ©f fisldaicnil laysiR0Rdht Reewall glhaisngatone fin (210)
reduces the width of the fin (210) in the channel
regi on by an anount ranging from about 20 nmto about
100 Aha mefhod Phaaimgt wioginghe depaaiting dgatefmpteribld H01@ppiises: ng:

ford o&n t§£§y5r£%f‘weﬁ|lq1nTe(I\2a?n@)FaSQﬁ the insulating |ayer
E% jacent a first end of the fin (210);
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25 formng a drain region (230) on the insulating
| ayer (120) adjacent a second end of the fin (210);

wdepagwsisng a netal (510) over the source and HC&iUS2004/009669

regi ons (220/230); and anneal ing the sem conduct or

e A S S -

(210t dndrulerfng Gyeri (1RO the fih grueture (21 Ecomensingianngnduttige fa fa@mingyorce and
draid 1@519;)5 (226/@&(})' qﬁ‘@forn:ﬁ&rI I@ Oﬁgovt':nﬁ‘e fgﬁtrﬁctdr@(&?(g tﬁesﬁlrgﬁod lﬂéh Maractenzed

by:

an etch chémstry having a high etch selectivity f
the gate layer (310) relative to the first diel ectrl C
Iayaﬂov(ng‘ﬂlﬁkatawdmtmge@ adesantd areﬁ[@ﬂOEf s (410). 6. The

?rg:t%g Igl v%qthafdgnf’lfl@lv&?%ra% anne g%lode eSslertnljmg1 uti?oé'g%\?ce 100);%r*d

W dppositipg a mepr NOHR ép ﬂF‘atsieNed 86%@02004/ 093181

PCT/ US2004/ 009669 7. A met hod of manufacturing a

se nduct.o |ce 100 conprising formng a fin

st ;yug‘g eéh"(iﬁﬁ% rfu’ﬁlf‘? TSt i ng | ayer (120), the fin

st rplrodrizing the 22G) (16N firgiatigpsioone ganchlectade €0f3)n, f or m ng

source and 5 drain regions (220/230), and form ng a

gat e 4300 over the fin structure 4210 t he met hod

bei Aglerhateielainy & avherpiy the thinpigith gvigtned t é“tnézwsmﬂ%wet etching the

fin (TI0p &b de@od feties®fiaigea (810); thinning a width of the

fi Qie;(o%gi%% d%rt]al %1@%@&3’1@ sourrc%%n&) cﬂralrcl) Ieﬁéx?s %Z%P%C O?d uct or

devi oSi t1ng in the

r ecesaling thy P@aw@@m@y deV%(IQO) tqfh?én wgtHoicigs competind(520) over the source
f urahd\@%in @RI ®I2BE:; pl anarizing the netal (1010) to
format |east one gate el ectrode (1012). 9. The nethod

of claim7, wherein the thinning the width of the fin

( 210) Treawtherd sfekinng twherbig kie mgtat (he10) cbBipfisemat {e@st O)e, of tungsten, titanium,

mcké'fﬁidhé?ﬁlwnﬁ s EhnfﬁﬁQWe'w%tﬁ]& the @8 @ﬂ@j dolnl e:;are(méitng Lhe (Vﬁ]'tpc)f the fin (210)

over e and _drain regions (220/230)

bya“aar?}?}é‘glr‘inﬁ‘@g %E Pd8huct or device (100) to form a

netal -silicide conmpound (520) over the source and
drain regions (220/230). 20 10. The nethod of claim7,
wherein the nmetal (1010) conprises at |east one of
tungsten, titanium nickel and tantal um and the
thinning the wwdth of the fin (210) conprises reducing
the width of the fin (210) by an anmount rangi ng from
20 nmto 100 nm 9



