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DAMASCENETRI - GATE FI NFET TECHNI CALFI ELD The present

invention relates generally to transistors and, nore
woaodasiocuizar |y, to fin field effect transi storSPCT/US2004/043104

(Fi nFETs). BACKGROUND ART The escal ati ng demands for

hi gh density antapector mapcarassawmted with ultra

| arge scale integrati on sem conductor devices require

desi gn features, such as gate |engths, below 100

TECHRmameimnrs (nm, high reliability and increased

facturin throu eduction of design
foabmate irdol H6° AP ebiia FEGESNE o befippsbip R e et

transzmn‘((lémﬁﬁﬂs)nal nmet hodol ogy. For exanpl e, when the gate

| engt h of conventional planar netal oxide

sem conductor field effect transistors (MOSFETS) is
BAG Tow 100 nm probl ens associated with short

¢ hahanmstalagid e otgls foi high dasityexd gsbinvacel aeakiagbwitatlviepe dchie
1nteg§aﬁ5hrsgrﬁlc<§1lagctoqla Cfgs regtﬁx%%gs? nlf e%asﬁé %Me Qﬁ%ﬂ'{sl b%%'dewB Qanometers (nm),

over cone. tron, ﬁ&ﬂ(@ig adati on an
high FRlispiist anéfncrﬁ?S%@@gqu%%érowhg% uption §f qepipi fgptpres Rglow 100 nm

.chall&fgaltle 1mﬁtmmflcmaﬂmomzr@mg@ i ncl ude increasingly

S r[?"or e]ze(e{mﬁ) % ?he &ate of ca)n\fentlon a(r:la% Iﬁcéig]{ioﬁu&e%gr?fg’on%uc?dr field effect

transam; (MDS@FJSXIW@IP@@I%W om, Is@lmmsntgsommmrh@hgmhenm gch as

exceJsﬁ@feﬁcﬁ&%@tv@gnrth&t)%gﬁdHﬁﬁit bISNEnREE A1 £ BRRLERI PG, In addition,
ates for %Efgeedl n ex sti n

FETSs.
monij§ Qg oo bs e B3k sogppbflosreTs
to incligle treasingly seillendef e fegtured I‘{l-awﬂéﬁa'e strgctigesraag thpefore, being explored to

1mpr9@@'b’fEerigﬁﬁaﬁce%h(féﬂgw&ﬁxeltcﬁa&es%m'ﬁ%m ts good short channel
behavi or i ncl udes a channel fornmed in

VoDt O P e RS B P Beoh e Bed e ey suceeeding
existing plagr Ma§EaTs. hrdutle-gaed O SFREISIND gk Snag bétisbd@to corarot dhasehannel

effecﬂsgq?mi:@f 1s 99&%@ E‘&bﬁ%!e stﬂlcﬂl%a[ﬁat Mg&)d S}Bl‘t%ﬁugﬁwg: A FinFET

ement ati ons consistent w t
mcl%ﬁs é%‘@ﬁl’tel fiomeé g %ﬁlcblrfwv il preFinf L sfrucyisg ayre fbHetqd gpipglgyout and
procedStedifiquef Ofile XahgRt @sed for danasicenNajat MOSESEs. A tri - gate

FinFET will have better short-channel control than
doubl e- gat e and single-gate devices, and will have
EOMIHBINVENTKNt than a doubl e-gate finFET for the
s amlazree@t;onJMSIwﬁ @kih the bre@ﬂltlﬁwentfdﬁ pfRide b ﬂl—@ted:&ﬂ:@$@(ﬁ‘ﬁl@i using, for
exaxrg OCde masce%? gr%I :t ?—\gt{ - W%ﬁtFmF#i w%l have C? tér%l?o’rt—clg%éel Sﬁ:{)ntro?i%an (}ogble—gate
and Smelmgetﬁ éﬂm#s, @d\walhltaag @gheaﬁmveenm?thin@aipuhlfe&atﬁﬁﬁﬁ gor the same area. The

metal tﬂsgaa trdr Mﬁa h:lmapc%n@ﬁbcegsQBﬁsntehthﬁP@l{etm\Jeﬂl& hRayde St kddtdu@dboly
and, in part, will becone apparent to

depletuﬁrbegfg“%aég/ rg‘ﬁegre%sfa&ﬁ\ar y skill in the art upon
ex &ddiatliadvantedes trdeotfeoichionas efthe imentivayilbie sbiderthriepharfin therdescription

which ﬂﬁov@raﬁp ¥n| pgﬁ v@lfl betcgﬁe ég?yr@tﬁw ke hé@ﬁ@ o@%ﬁ%@hﬁ%ﬁe Q'n.%on examination
features of the invention may be realized and obt ai ned

of thea@ll%vg}gt ST @3y ger lpeyneﬁ cf{olr,pttgedprza.%}rt‘e qf H1e fl‘ﬁ@‘xtlarb pTé“ﬁ a%v&ntégeé?rﬂgeatures of the
invenfiaiciody b regllize@arkl loBraipedes aticulanly @oitedout mttlireeaplﬁemdeelghmsg and

Ot I;lgqror %Y@t?é [%95? Lo gﬁlo?qm fglxég ] atglagd &ﬁgrtad\g ta I ¢ Cr{'l]u%qedq{ part by a

form ng fec nsi st or udes
methpdyf ifﬁffﬁlgg i figld odfser crBTSAr Higt lacl%%ﬁo%“&aef& 36‘% foxing & eqyoe geion
adjackit b Sist @M6F taf fintah®a ﬁﬂam r@mﬂ adjaddfitai sEbohi@t ONtheil. AL Abth&d further

mclu?e% 9omun%ae Eu%&%%ﬁt% com?rlsmé a -I[rsg ma'f[e?nahm a fi fsy%ga‘ithrg rz)ver Iale ﬁn ?ndsformmg a

dielegtjiqlayer adieanisides Qf\ﬂ@-dupﬁy gﬁ‘qe nTlgn@tHo@ pled ipgdudgs removmg the first material to

form a trench in the dielectric layer corresponding to the first pattern and forming a metal gate in the trench.
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dielectric | ayer adjacent sides of the dummy gate. The
nmet hod al so includes renoving the first material to
wéanimaizeench in the dielectric |ayer correspsadiusgou043104

the first pattern and formng a netal gate in the

tr %@(%l‘hll@qf§ &%ﬁl 1121%16%% \??%&e{ﬂ&{nrgﬁg ‘? get fbn%{eléetﬁfgct ltrgr}ég{a} fs 81[%V1d(§i The
m-gatterﬁmf@]éteé‘e% ?%Slftprevcaldef%feé&at &ll‘rﬂaﬁislicelﬂ@frmqltrp& suidases agd hgs g source region
and ddied redioH ﬁ)ﬁﬂ@ﬂ adyﬁ'@ﬂt bﬁdEéndﬂSﬂﬂh& i 'ﬁlewfgit@ﬁ@ﬁeldaﬁféctfhaﬁslsﬂ)r further includes

on on fornmed adj acent each

a r
ametelr%{eg‘frmfcﬁ(’% e sur @afﬁs Ofﬁ‘F lrﬁ%ﬁe % fiel d ef fect
t r Anerditede anfadditidvelrasiertof thdesﬁnaomem&thog eftfermiingrarfipdieldnffect transistor

mcluaéa tf&ﬁmé WES 29 M& abdiRe mgioﬁ Jap BntSUEd: BGESE the AR gleradfraalgreg@n adjacent
dition e invention, a method of

s G i Y GBF FEAE FQ< G SEBRY PR GBSt BF B igposiing
layeraf firstrnagerial of @ ﬂmﬁn gndalusioly bxid layeq i addetetil gakiedsyer & tifeifis nateiid to form

a dun?r&y éa I 1iirgtﬁ>e ﬁg%alg& s &!)19&]68?? gf% dlgecﬁﬁqgrgdoggrqge (Rttnmy gate

ur t er 1n ormn
and S@%?eded <|1ray eﬂloweﬁnaﬂﬁ@ thq dieclece frysy to @%@S% tpiasye?ce of the <ﬂl¥1§lty gate, and
remokiBg B¢ firsd ma@yialrto fohi@a frdnbh iﬁlﬂﬁ di@lHBﬂ'ﬂy 1a9%d cd@ésﬁyl&hg todteChirst pattern. The

er. 0 r to. forma .
rneth%dt a%dlhongléﬁ 1nc§udﬁsat%m}mgra Sgta e 1nsuf1%t10n f' yer.llﬁ éhe rtﬁ% ch aralofgximérﬁ a metal gate in the

ern
trench. ncI udes depositing a d| el ectric layer over the dumy

g abﬁleﬂﬂdanﬁ@éd e AREL o@fhabﬂ@seﬁt G N R, wild b@&a&ﬂezdﬂga gppuae to those skilled

i e b ey AT UF HEPUPT P0G PRETETL PV
illustyationtoffy the biisertha@ie toniepnplagy & capping esplmidvenigpnt Ghd inenfidnristapable of

modiBALSE fnnramc;ll-l@ @bvﬁ@g xlggbgcté glmmttﬂoﬁ rd@%zlré(ngl fﬂ)?rl tﬁgﬁ%nﬂ&r mc&)gdn?gly the
| ayer. in rench and formng a

e insulation
dmwﬁfestaéﬁ to %"qeﬁastlﬂié“ ’?’%ﬁd‘i’fm ﬁ“hé?t SEVEANEges and
features of the present invention will becone readily
BRIEMBAERMTIANOF RS BRakibed in this art from the
tollTow ng detalled description. The enbodi nents shown
an§eferense sinsagto fe atachrd dravings fhsieinglemets baiae Hig samefgfepgnce number
desig60ini Affabmisad likoden@ms thytughgutout t he invention. The

in i f ri

48 SR TR SRR ML e s
formipgg Befie SHFEDecasient righ fe prespré ingerfiginngs are to be

r egRy. Qieﬂluﬁﬁtek bd dﬂ&ﬁ;ﬂ@i ﬁxv&sndlsrénmmumemvaﬂsln not as

? ang SC 11Estr E s urc C(f\)(ll‘al e I Tﬁ%d'%\ﬁ!eﬁf FIG. 2A consistent
erence i s made to ‘choﬁ a df AW ngs. wher el fi
With@#@m@h@% havi ng the sarre ref erence nunber designation
MBYIG, O MRSRRS a drbdk SecBInBNRIM 0B theRkAMBRPHY of Fid. GA cdnsistent with the
i.l lustrates exenplary layers of a silicon-
invenof i nsul ator (SO) wafer that may be used for form ng
a FiGa3sfllugrafes mEEesT-sectorsl vistwend layert dfi sachificigh pedeintmed on the fin of FIG.

2A cdnQMERIPRs inFdnon; 2A 11T ustrates an exenpl ary f| n
consjstent with the invention;, FIGS. 2B an

i | FiPsth Hpgraletnfress Seamﬂlaldregloﬁth?é@mﬂsof%F%%méaﬁ%’é RIG- 34
consift¢newiili the ipfenfidnG. 2A consi stent with the invention; FIG

2 I

2! DFﬂdS mgnﬁ ab ﬁﬁstggﬁgogieg%ﬁa%wgéﬂ%}éhﬁy]&vug% %n}igﬁo@gégcgmag%%rmd on
the fig ?fIFE%t3Pé?"é§te’§ véth g dversiesi onal view of a |ayer of

SaBIGSf3ACdna kB aMitAR the@briiRibn QM dte@ny gafe ftfm thd falysiibon layer of FIG. 4B
Conmﬁglp%htﬁentemvg th the invention; FIG 3B illustrates a

€ 11 . . .
ss-sectional view of the rem)val of the sacrificial

oxFIéFe6 Ppsuptpgghe opnagionadia dicleettic layer ldipdert therdymmy iseipof HIFISSA and 5B

considiet WiOhABeskdt knvskib@bQ Cross-sectional views of dummy
oxi de and a polysilicon |ayer fornmed on
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the fin of FIG 3B consistent with the invention;
FIGS. 5A and 5B illustrate the formation of a dummy
wqgavws/offtam t he pol ysilicon |ayer of FIG 4B cORETAIS2WY/043104
with the invention; FIG 6 illustrates the formation
of F?Gg 1@.{%@ c(‘ets Eﬂe ?enlo@zx gfrthquﬁﬂ? %Qtle o} ﬂ%s dSlAanM 59 %tfg gaEatr nch
consi st ent resent 1 nventi

Con%tﬁlﬂlwllt@he?fe?epqlm‘@@t’foat es the rem)val of the dum’ry gate of

Fl 885 85ifhsidnd faBhtboRotfet Mhdati@lvinh HREH w&RA 8 BE eMonsehiWwith the
resent invention; FIG 8 illustrates formation of
f%sul ation within the gate trench of FIG 7
c &GS PArPB and hilleshige forrertiomd! ajmmpyad hit-gatenvyithi tESatednch @BFIG. 8

Cons@glgw%:th%}egégttlﬁ\@ﬁtgnfor matl on of a netal tri-gate within
éc%ate trench of FIG consi stent with the present

tlp Blﬁstraigsf @ma&@ qf p P%thlccﬁltlé%er PYSF AR FOgFisteyyt with another embodiment of
thelrpaitlysl l'icon | ayer over a fin consistent with another

e i il
ol A8 1Bl bl S8 S BRhicO e Son oI Eh S aniter
embodingeat of the fvenfipt h  anot her enbodi ment of the invention;

Fl 6iG. 12illudtlatdSremeaBs the e4pRY BIG. 0f cdnfiftert dih Bfothbd dabodimdnt of the
inveng.lglpgi tent with another enmbodi nent of the invention;

G 13 illustrates formation of a |ayer of

polFifs 1B {lligghates faintaioneod mtayep pf pely silibdne Ritleerntrollgy thickielsp o¥ef the fin and
planaBf¥d pPllyadh 27 6 1O 1¥ Sbrkikter® With AYRHer Shbokiinfent of e GOBELST ent

w t h anot her enbodi ment of the invention. BESTMODEFOR

CARRYI NG (lJTTHE | NVENTI ON The foll ow ng detail ed

i R ENY EN fers to the

ac cmgmwlaglgmﬂea mﬁb@en ofﬁlaenvm rdsk ﬁ,rtﬁe%c%ngwm lal%win@s The same
dentify the sane or sSim

di fferent
refer RS da&fegﬂat B g 11 el iy e & el el plsp: 6‘?? following
detaildddescripidn doesnotlintithie invantient Iingead, the sbpad ,theﬁxhentsﬁmdeﬁmcﬂ by the
appeddd€aliyention is defined by the appended cl ai ns.
Consistent with the present invention, an exenplary
dafrBsEEHavif s Preat SRIoPER FTeAPIAY d4mjascgaanEccrss it foming 2 tri-gate
FinFpF o piodied. I the dxbisplex @mpicate prodaiBstuens gt 8 eteiornd Soiiflayer of

semi—g(ﬂltil?ctln?%a’ltg‘ﬁl Elﬁﬁ gge gr %xgrg goliirg%/c%ﬂ tﬁ)aﬁ Pa% %ggn If&rr?lg (%'Iv%%a tn s ﬁ& dielectric

presenﬁflveg

con
layer ga fhert byrfprmgd w@he FARFET fin, spuireg; agpl é@twrpszoqs aipand tbm&vmtnbi ate- b“éie
dumshyOdaf¥Bkhy @M L be rEIh(ﬁ/e(Fﬂo &E&J a gatermenc&ﬂu e eleﬁaeic ﬁp@l n nfeeggaenﬁat contacts

three @urgwes Ofdthi n ma}y he n tgle creayeMte g‘GI}CE toc 1¥1%1 damascene process.

trenc n
| a?’é?r 1 illastyptss aderosgeaceontohmﬂmemm metlagort(BPle e/afsnﬂrOf) éa;regi ipfecordance

with inhaﬁenﬁﬁld'ﬁy Y ditnBR Bt t%rés&ﬁ estidd) $d18vaCk B &flsigat Ritt h&MELRNt

[ us rate
e OB oS R FeBi G et St e gt
formefl©Q birisd peidk layar 160.cThe dinkares ofifin ayan1 08 xenphgs, ior emnpld | frogrHbout S00A

to ab&f 20068 aﬂrtﬁeﬁﬁmnes's B]f\ﬁglrgdloﬁﬂe Ia}ggl ld\ﬁgﬁﬁnglqgvexm ¥r§r¥1 &8ut 10004 to
\@ s @present |n\{e1r}t| . f|nc ude a ulrled oxi de
abouf 8(§Pé‘r eyer 1P ARdgelsimicl 1 B s Hf‘ee of gxpmplg, slichn, theyehyothppygou
condum;g riagetriblh enchlegefrmnivadnayrve bwd.i ed oxi de | ayer 110. The
t hAQéﬁGgﬁﬁ F‘ﬂf}s EA Qnd' 2%3’ Jemlﬁ 385' mh P Iﬁgﬁ tﬁﬁlp ?E ﬁg@ 165. (Fin 205 may

froma an
be forgid: ifes a3t edeth aa%rh o mma%ayf Frnb%OS &% hiﬁognedfrpeﬁxn layer 105
using aty0iohveht€dnkDPEodess, including, but not limited to, conventlonal photolithographic and etching

processes.
Subsequent to formation of fin 205, source 210 and drain 215 regions may be formed adjacent

respective ends of fin 205, as shown in FIGS. 2B and 2C. Source 210 and drain 215 regions may be formed
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about 3000A. Fin layer 105 and substrate 115 nmay

i nclude, for exanple, silicon, though other sem
woandwaiizag naterial s, such as gernmani um may BETWS2@4/043104

As shown in FIGS. 2A and 2D, a vertical fin 205 may be

by, f&%& ‘ije Ee%&:mo& bina 1%%?1- do? IE] j— v\gﬁdu&fng erItngal gﬁ%*’ P%O f %J@%Q'me %1% and drain
215 fzelsnsm bejernfed ifrﬁ@ ety

mhcqngy@pg @gglahgﬂn,ggforaqa@mple conventional

photemmﬁmd aam al:huiy'pﬁﬁ:&ﬁeS ome&ﬁlhwﬂnmg,anhxm rebWghizd, hdWel@Ckhdt Qther existing

techr%%u%y mrp LPS Iyﬁe tor P P o %?BHC% % (r) ram 2 dgglo%tgggclir g)gan‘%{fgs%gﬁ?i%ﬁ% ‘and drain

215 ggeignsma hformed bopreernmg/ant eiclfieg ﬁteldyeaélqﬁaéeme Y@ eqdaledtin 346 regions may

inclROESmOEondiciing2Rrialdseh &) %afn@leﬂﬂ@n ggrﬁaﬁﬁg 0123@00139&15&1%111 (Si-Ge).
210 and drai.n, 215 ons

Inor gt G v~ %&Pmémra&;‘»éﬁq% fo L gt &CF%ZO may then be

formpdadneppen burfgageof fhi205, Jkse 2Thhed drinr2ts aRillGtamdlinFF@2D. 235220 may

1nclu(i§81' oS SMXS, R? e;IaBBlg%ﬁ’iccf o taﬁ(?m!:\}ar&?gre, fglf exa ple from about 150 A to
sem.-conducting material using, for exa T

about, {iAep fhickiesy phot ol i t hogr aphi ¢ and etchlng processes
Onesfsktoinlagsh of butch®10and drsth 215 Q6RO hdEBicial vRIHR 16@dr 304 M@t be formed on

fin 2&‘; I;'O%FCG Eg) fﬁé (!lralg 2 Cfe z(l:s QIQ)IW% TrgﬁG n?,'y goacnﬁ%: 9x1cte(:feger %65 magge formed on fin

regl ons.
205, me aH)an@jilrap RAl5sing gy g@mgatﬁaww@omabprn@@ lélysoganemphryn g
emb@ﬂﬁ’en@thJbb(aﬁ@lef, bAMdellAWB05 ﬂaQyEbe tl%?[ﬂﬁl@%ro?aﬂagn &R 9o §caich 2 RRd drain 215 to
a thlckggs ri?lrgg?ngr}ra}g ah?u(t: gd" g to ago rfgu Gl IH’F%}F gEtcap il%landS sl'allgrﬂicial oxide

1ayers3|015 m@:smw@@wmmmmoo@m@pmcm sothas,i fprpkanming ednvepfionalitching
procéaeto,renwvmfe&s ﬁ&@gl@ewamadfghyosequal to 0.7 may be used. A

220 hen er surfaces of fin
20 8y 8’?@ 0 %?S‘Efmﬁ‘? iR 29%5“"“ %19 PIAFERR 2P aing feopyeational
proc@§)as s@awn iR PI. fdayDunimgyl axgle 4@0nfoo xiachgle, 18aydha thagnally goown on fin 205, source

210 aﬁﬁ @1%'2@5 D%lh)!l’d %Q@e 4@)5 hg%mclﬁﬂQn TR Me, E@H gse for Eﬁﬁp@w xide and may
from about 1 out .7 hi ckness. Afte

rangg, gy ﬁxéP“PlﬁvﬂrOB’fab%ﬁﬂ‘%@ abopph159 ﬁd‘nd‘i“%l‘inﬁs 2 fo"F‘é‘ﬁlS]Eﬂ‘@ in %[G 4B, alayer of
polysilzor 410 imay bd fomeil oher ﬂhagoe rsodf23 10t dvgn 2160 MRckhiokhedsionpaly3Bicon layer
410 Iﬁé}%&g f(g %ang dfro a%i)lg 7@}@@ 8 t§6b9% ﬁg%mﬂog\aggf&%lo may, Sgohshed

Sacrificial oXl
back yging fopexomple. 3 Shprtfakipeshaies palsﬁhwg @Mg/pracﬁﬁfr {9 3¢lticxe @planar surface to
impré&xe @ubedqﬁdnogaalhtmgmga SA&s shbwh i8 GIES. GX QAPIFLb ﬁuﬁ@@dﬂ 0B Bk PBbe defined in
polys}lg{)n 1%@% u§ia ao(?éh\%%lna% ér(egcr:eas? gl.lir)c% gailqg b eamtp nve 1¥ongl é)at\(.t\alrr]mng and
etchipgierpsig fr om about 50 A to about 150A As s hovvn in

FI Gs s@%n 1nm @wel@:&ﬂ 1@%05 ﬁlhﬁb@[]orn{éli beke dlln@ﬂ}egate%@§uﬂ%yfor example,

conven%onaF %051 10n gcr?s/senﬁlegecﬁ)%\f;/ Igﬁp % gy g?,hgdg,:tér ex%rgplfer, ée%?}lglortgosﬂlcate
(TE%foew sthérdiglertyi¢ eioval. | The tbicklfelssmf@@'@cmmmmoimayd@gm@ exaanple, from

abouP®O0d Rt Bsht £300 R DicRBiAe 1250 Bi5GRay4idd b@E 1sﬁi‘:ﬁ@bdﬂ tg&?rl]l'#yﬂgﬂ os)[gl?aCéeIOf

conv I on as shown in
e3P 4o B R Eure BB R Mot BAGA on 11 208,
sobrowy 24050and ddmay pxi®@HKB; miy tienybeoxhaled, 40Howreiy FIGJ| leding a gate
trencB050 ?ﬁhﬂﬁy ga?é"ﬁ)g alﬁ%umxfng Bm(ﬁ&ma be r§11n{)6\\}e§ erx]nggi)gf chmgg Q:om%onal

range, for exa rom abou ut
et s See lAgﬂaPEHlH &1y SefdRaiosmid imeege rash 7%, psghestn iBFIG. 5. Gate
insulgioh YIOinay bOherAdly ghoy ob&pdstddBthg ou@EntibiaNdepOBtion pAUEsEL. Gakd

msulaﬁ‘ﬂal‘?n‘rég%_ly Ihd&?e%\o e §ﬂlti ! s‘fdﬁ?‘ oisie8 2%018%'12% (S-JFR‘E)%E} ing U%Fz 41081%? high-

deﬁ““P@ﬁ?@bllcon Iayer 410 may be polished back using,
for exanple, a chem cal -nechani cal polishing (CV
process, to achieve a planar surface to inprove
subsequent gate |ithography, As shown in FIGS. 5A and
5B, a dummy gate 505 may be defined in polysilicon
| ayer 410 using a conventional process, such as, for
exanpl e, a conventional patterning and etching
process.
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As shown in FIG 6, a dielectric |layer 605 may be

fornmed over dummy gate 505 using, for exanple,
woams@iiizenal deposition processes. Diel ectri cPCagse004/043104

605 may include, for exanple, tetraethylorthosilicate

%@@own?r[ﬂ?g ?Ao%lﬂ%ﬁ 99' %‘1[16%? aqe 9@6@%‘ I%rfbﬁllxed in Q{% lIench 705 over gate

t hi ckness o ectric range,
insulagtipn iH) ety panfi0a Bavike fagedR get@tr%bw UQH)G)COAVGI‘EW@ Té‘%f’tl KdpRosition

procésﬁé&ﬁ lbolﬁﬁlﬁ bﬁmyo thd@PerR@ ROt ldﬁféﬁﬁ'c 1RREKO5!T Bdedn @atéJSFUS Q{ay include a metal

M TN T N ML —

9C, tblﬁumwmg)wtd@amw ingisposeti emallglaree sslepafdid 205 ghus Ipovincingn thg@e FinFET.
The t¥1y gaﬂe @ﬁFE’f‘ gOI@ISlgIﬁtV&ah 11 ﬁN&fﬁon? Qe ham s&?@&ar&@l@oﬁfwmm& -gate

d L‘f é T¥1 reppved usi 51 n‘gq
an Sé“é RRETESA ‘“eF’c%‘ﬁeﬁ Q‘FET Beadaghigher ‘Eé{f‘ér“ eﬁ%t n 0o yp-griedinFET for the
samermeeq. Tivanetabgatef 905 pfabk trigatg BMEET dlse fedliced My, dap®etichudfatts and gate resistance.

FIG 8. Gate insulation 710 may be thermally grown or
deposi ted using conventional deposition processes.
Gate insulation 710 may include SiO SiQ2, SiN SiON,
HFO 2, Zr OZ«?,XEMP?.@Y SEE@BQ&PP)N(ZHSLY N@’EIQARMAMMer hi gh-

K i.C
9 C%(? ?néétglkt;l;gq?}m eé la%sAlsf E)t epp]gng 'p?n\é alanan(z';;‘?m{l gro%‘ess %r ﬁ)rr;}tagja FinFET,
consigfgns withy giother embediment @friheme@ent ivEsntgn, @aﬂeeve%@ Hig (P Tigates aoppeetdd after

plandrlﬂat@ﬂt[% shévang hrG? 05ty S}leﬁlgla@ %@Jﬂ%ﬁ@tﬂegﬂ &lith rtfﬁtd@ﬂosmon of a thin layer of
), L 10 to the

omdeS olE rn 8n a E gfog &g% ?OO? may gﬁ‘%rfne Bgcco Tmta g]F gxe%gg:yﬁﬁ ess described
above with 119$ﬂ>ect tv F@$. d [anda tTde thil layerguay linclide anfogide @xia@imidé materfehidgray range,
for e@mlble ﬁ(ﬁ%&h lﬁb%rabéﬁ?f‘@lA Hﬁfﬁc@ﬁe‘ssalsﬁbs%)!ntki@déﬂgs@tgm oA%e thin layer of

ox1de(ﬁr glbrbdg ége 16yﬁr g bepfﬂe@gd é‘lfeigtgllgt Iél?lgg q%ﬁ&egtﬁgla?ﬁr?ﬁﬁgses to produce acap 1010
on fip 098l Uk lapgy obpolysillieay 4065 nhely rifeite. foﬂﬂadamtef dap gatGanfFfim RITF ysing, for
examﬁfa %hv%ﬁtﬁ)ﬂ&l dwoglhontpnﬁeskers] Vﬁ!‘s‘h&\%ﬂu Ewe_ tng QX}@r (g%glsrsqﬁcon 1015 may be

short -channel control than gate and sin

planagfggdibackdo amppper frface ph¢ag 1ﬁ0th1ETf°éF"§6‘P1ﬁé‘é“ﬁ}bgﬁﬁ@F“V8 Pﬁﬂw {ae cmp
proca8t) rtag @10 tria@ fundiodl stalpoish gad Ryeki Fobkilicdh (dyet a5 sayn@ioR & the gate
he rret al gate 905 of the tri-gate FinFET al so reduces

oly depletion effects and gate resi stance. EXEMPLARY

E%/P Pl RS bpeyinpeppsipeAiR ZATIONCY@Eona gichime process, as shown in
FIG. lli | Mﬁrﬁﬁ)ﬁrﬂﬁthﬁlﬂayer)@ H(’ﬂi/sﬂfc?n 363 IflaySl‘ieQ @@fof}@acpcﬁilaﬂrfm 1005 and planarized

ar formn

1yl GO a% %
poly ?ﬂ%rer ?(ﬁ‘% as sho nen tusm% coP‘ﬁ,nUOng dgpom %rodess S. rbssm tﬁ above

anot her e O ventl on,
exemplea\r)é@ese, tthe dRtkneSEE thyapolysilicon M98 eteean HP$ oay ¢ eerdirlly Zanttiobyl.

Polysﬁﬁ:oxsmmw ddnidebtGhe gds 10828 oLXBHRIiASNiInRO®SE €SS may begin
osition o

ni %nhth%péev(l)orl]]s s%np oni dlblgermﬁIswm?@%ﬂ%,ﬁ?sebéorgosp%baa Sl?eﬁlﬁc materials,
structyss oeiinals rrogessds, didaén @dee topkaidy 2 frroushsisdassding bitbe prbrontgnvention.
HOWéMeIt tﬂe preR R SkntioR cdn |b%ct11:ed%tﬂov.@reso¥tﬁh% tJ e @et&ﬁXﬁeﬁﬁgﬁM set forth herein.

| ude an oxide or nitride material and may
In °t‘1ﬁ6’f’s‘aé‘§<eérﬁﬁ“é‘“°‘¥“rpé‘?ffsé‘% Hfcysgaye ‘Pbbeé‘b‘l?EFF ‘b?‘b’@ dﬂa‘i‘ H‘ {okdEr not o
unne¢ekpridK pesse thShistefjheprtsettdnveeipno Sh piagiaing thetphesent mveantibiay@iventional
photo‘ﬂtho%&ﬁhﬁeetc@lfng Qﬁdt (fef)(gﬁon t%ghﬁlq\{leg}ﬁ%r bermléloﬁeﬁ Qxﬁth'élﬁzé gﬁecheﬁpsdof such
, using conventional proces to produce cap
techniggepraygpotrhesp sgiderd hesinindel. of pol ysilicon 1015 nay t hen
be ohig Itlﬂ’@ﬁfeﬁ’dcﬁé’ml:ﬁﬂmelﬁm the aﬂﬁhtlﬁﬁ dd 3 @RSexABHIBHT it (Zb‘fsatlhty are shown
and dE%EtEF gqhe p?lé%m{%gctl %nﬁﬁlsg%po e§/s SoI ICzt)hﬁ%iv(s:ﬁ%sn is capak‘t))?é LW in various
other Gpratingfiens &l pitoRmEnE asghis appey of sgdifieptiens (Wflthw’pﬁ S]EQPE Of s inmeytive
concdpOds ef¥as¥Ph@eina hi ghly selective poly to oxide CW
process. Cap 1010 nmay function as a polish stop | ayer.
Pol ysilicon layer 1015 may function as the gate
material. Cap 1010 may then be stripped using, for
exanpl e, a conventional etching process, as shown in
FIG 12. Auniformy thin layer of polysilicon 1305may
then be fornmed over fin 1005 and pl anari zed
polysilicon layer 1015, as shown in FIG 13, using
conventional deposition processes. Using the above

mater
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exenpl ary process, the thickness of the polysilicon
1305 over fin 1005 may be carefully controll ed.
weabosaiziizeon 1305 may connect the gates | ocat eBCOMWS2004/043104
either said of fin 1005. In the previous descriptions,
WHARISAAIMEDdeci fic details are set forth, such as
specific materials, structures, chem cals, processes,
etc. rder to, provide a t hor ou h understandlng of
Loy IﬁAém‘iﬁ]i’%%ﬁf““Pgrﬂft@ﬁleﬁ(?ﬁe“ EoREepatattFehMasent i nventi on
canmbgamnamﬁiced wi t hout resorting to the details
S iifklla Shde Yoo R o1 QRIS £ LR of 10 £
n|%a egerg E ) n] g A llet uroeS ﬁ Eé&%‘;]agiiggxtaﬁ%‘g?oi '(215) adjacent a
S“”“H%%%VWH%ﬂﬂﬁ deta|I in order not to unnecessarily
oG iz @ difiey aker(s053 coelbnai@a £t B&eA41 il A1 RBhtteBibved the fin (205);
pr, ut|C|n e ent_in 0 conye ona
pﬁ% toFi %aF% eﬂ%&% %mﬁmSM“O % gmm%%$¥(9n technlques
maE§mdyee énﬁtmy@@lal toyfoein by émleW 09 frethe] élplmtﬂl@am (68%ihrresponding to the
mmPiﬁ&hmaques have not been set forth herein in detail
red enbo nts of the invention and a
?E%%%ﬁ > TQEG%Fgggsluty are shown and
descrlbed in the present disclosure. It is to be

2. u %@ﬁ&ﬁ&%@cl&ﬁqt wﬂeﬂaﬁx ther}}(&ap Ee{t@@Oﬂ)‘%orﬁﬁg @cpllaegt tglfee H§f§ce§ B¥ the fin (205)
var i ous ot her COfTbI nati ons and environments and IS

and W%%?ﬁlém fo fi51d eHferhiranietaep BT es At Bt 1t Hdd Llegiggngort he
inventive concept as expressed herein. WHATI S CLAI MED
I
3. ?geﬁ életlslc{% 6)?8&1@9 g‘?’%{?{“ et?elrcfz.@é%% ?ayefr (ngE‘%oﬁlggse? Eetr?e?l{y%&%sﬂlcate and
Whefelfl B firshejysipliae prpterisl Wé@ﬁl%ﬁpoémle)ﬂ adj acent a first end of
the fin (205) and a drain region (215) adjacent a
S n t fin (205); formng a dummy gate
+ 38% Qm%ogdmmljﬁ%wr?m?ﬁ?m%aterlaI ina first pattern
o%’fmnﬁ A&ty liﬂwla(@dg?f (71 rtheriggnck (A9 st tqu@nm%ty%metf(l 886%°05),
whereifl th @@€RtulGbier @10) bdiSrickd BIMAsDAd 6f 65, @i_()o; SiNesYoxi BED. 11®,, ALO;,

|aI to forma trench (705) in t he
HF&Ogo&Tg QBﬁ% >l ayer (605) corresponding to the first

pattern; and forming a netal gate (905) in the trench

5. (%Qg’ﬁlethoa of(;[ﬁﬁlr@rtﬂapéj)mgiflsufgl aim1, wherein the netal

te. cont t hree surface f the
58t APBIE P R 610D B B g e 505
Whereicfmping@e@nanngate{@aloemﬁmsns field effect transistor. 3.

Th%oﬂatgmge&ffmeku@e Hiekial ao@%eynrazds&%ndil el ectric | ayer

(6 % rises tetraethylorthosilicate and

t fght %tP%leye&?fﬁ@rﬁé%t Ppiprzel Wﬁ?f@rﬂileéll“me‘éfﬁﬁ? 5§@§n%ﬁ§ﬁ59art?r&aﬁd

4 whekkie foneinfibelmedl getk @O chmprfsesr t her conpri sing: form ng

a ' in the trench (705)

p?%%%ﬁga %#ﬁ%%gﬂohﬁ%ghakgégéte (505), wherein the

gate insulation |ayer (710) conprises at |east one of
6. SiA@l—g& ﬁﬁﬁelcﬁfﬁbt n&is@k &ﬂﬁ&mg Zr2, Al 203, HFS O( X) nS,

1 f
agﬁn ?ﬁgé comy r1s¥1%a elurgi'i:“t fosarfaﬁ%fn(!l 11al\lgl1§ Fourclé rregg 02 6251)0) and a dra{nﬁeégmn

(215) f?frﬂg?{dﬁe@} eaﬁ‘r?népftb@nf(’é}ﬁmawb the dummy gate (505),
VR ekl gate (B ToR@d §Brelhiss e B1urAB2)F sGRABRY | Ses: _
depositing a layer of the first material over the fin
(205); and

7. The fin field effect transistor of claim 6, further comprising:

a gate insulation layer (710) formed between the metal gate (505) and the fin (205);

6
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etching the |layer of the first material to formthe
dummy gate (505) in the first pattern, and wherein
woaoosingi2zt he netal gate (905) conprises: deposPCTUG2@4/043104
metal material to fill the trench (705). 6. Atri-gate
f iandiefeptei¢ ldyee ((PDdermed alipsinsthometal gger{fPP)ndigrmed ofvgrithe(fFREH)S), source
reglon({ﬁ@pffnh §ﬂmﬂ ﬁn 92!1 f %ekeﬁrym@gategﬁkﬁltltﬁﬁ%ge@ﬂ@) J%ﬁl}ﬂ:l%@ aBleRUAE 66510,

21 a drajn re 15) forned adjacent
s, SEUS0 AL Dot S R gRal 21, Torime e
forrred on three surfaces of the plurality of surfaces.
5. [ mdifdd é@fe& nglsgmeéf Bt o, LhalR %9(2053?1 f%'@a@rgéeg%m&rut 100 A
m nsu ‘ation layer
toabobtéf) en the mst aI gate (505) and the fin (205):a
d| el ectric Iayer (605) for rred adj acent the nmetal gate
9. gglg%tho% gfo rgﬁtglrflgld eltfec'i aéngﬁnr co\%azqgsg’l} nsfﬁrecga{ Zgl on
|rf§ulinataﬁm@05)ayer (710) conprises at |east one of SiQ,
Sit6#ing SkdVrce @gm(ﬂw%@eent@r@ endRk B68n (2biy &Q&hn%ﬂ (ABfhdjacent a

e fin field effect transistor of claim®6,
Secom{:é%%?fél?eﬁmt@?g) ‘fin (205) has a width rangi ng from about

10@mig & qunarinoexide EQGA05Doverthanfst B8 of forming a fin

fi |4 ogtn%f fl%%tof hfs@lﬂﬁér§f &EpthectﬁlMS ﬁfdragmm}t 8&&3‘1&5& @:O§ in
2 a source region (210 j acent aflrst

(203);
erfifbing th? 1ﬂ3ée" P t‘gf f(“%@’%‘)maéf?cfor&l PR 87t PFBH‘*’( IIFPULY] acent
a ds@eitnpch d@fedirio faydr @S5 ¥ dver tfe2ny gdtO(S0d) Agl seurcU(ng) aokdrae (215)
regmn% ayer (405) over the fin (205); depositing a layer of
irst material over the fin (205) and dummy oxi de
| RYperizipahsyicledcdmieng0 Rexposyeier BrfaterEds fumsry i €09l
t Qedicdingiba fiduhaRtiagatosm 6 b&bN) (705) idthé diklsdricRaért( 60F);corresponding to the
flrstpaCEitg?(DSItl ng a dielectric layer (605) over the dumy
e (505) and source (210) and drain (215) regions;
plf%mlalgﬁzeitwgsuiaﬁ@i lefep(7&Q iy thetrengh (@95);@8D5) t 0 expose a top
S Ubrfnaig & mefhl dald @0 @Rk €0£)505) ; renoving the first
material to forma trench (705) in the dielectric
| ayer (605) corresponding to the first pattern;
10.  f Giheringthpdaf gaime, Whesin thet ihateh s4talpPeT) cuft@ Yt léapt thraesurfpesmefibe fin (205),
wherein (0 9h Hiel@Ecf@hdER Qonﬂ)nﬁ'@ hal agaeﬁn?leﬂi%ﬁ&) tran§stdrh) %h@r&ﬁ Hl@ Bielectric layer
wher ei n

t he al
(605) “d&‘?‘éges(t%%‘?ﬂ%rg]ﬁ?‘écé‘f’§“da‘¥he‘ie’é‘a‘i%et6}“%t i 1%&%%1-‘/8’?"0{‘ he fin
(205), wherein the fin field effect transistor
conprises a tri-gate fin field effect transistor,
wherein the dielectric |ayer (605) conprises
tetraethylorthosilicate and wherein the first materi al
conpri ses polysilicon.



