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NARROW BODY DAMASCENE TRI - GATE FI NFET HAVI NG
THI NNED BODY TECHNI CAL FI ELD The present invention
woeb@toes2general |y to transi stors and, nore PCT/US2004/043105

parti t ' j f.fe

Par LU Ll Bl Rl B LB 54 Oy acox
TeEcERici. ensi ty and perfornmance associated with ult ra

arge scale jntegration sem coriductor devices re

d érg? yreeptayenireelacs gragalydo 6%‘?‘%“[3 @ﬁg‘f“l‘%’%m fraferdiytorfimdicl effect
transisaBAEETRY. S (nm), high reliability and increased

manuf acturing throughput. The reduction of design

features bel ow 100 nm chall enges the linmtations of
BACKEROUBRtARIhal met hodol ogy. For exanpl e, when the gate

| ﬁﬂ@ésthla@iﬁg GRANS Mr higN@nsil laA R fortica hsséleted &ith ultra large scale integration.
S1 Sst.0

T TR S e
reliabilith andrveteagfl rewtfastuisa frhughpit e X elgitiprof] deddudgptrds dtlme €19 ntmhe

challerytheQBni@ilis Sifrc@ﬁv@ntmpa@ﬁ@tﬁg‘dolog}cr easingly difficult t 0
overcone. I n addition, nobility degradation, and

I Vil Rt lepl b samapiofsl RateErl ot fercqpet: ed efet
transis®GAMOSELRIRYie sriicd teédw 1IMDGkpTeleing adssviated dhith slog cleasl efptty, such as
excessﬁlgﬁgﬂa begxggr‘btﬁeesotlrgé‘}n&l Ehgri b &gﬁé’ 11{1%%1%5/ d%ﬁ' gdl'tqt(g éﬂejf%&n@ rIl?addltlon

herefore, bein ore per for mance
moblhaﬁesr%iiﬁqlqwc% Wflﬁa pf H@@?Sésé“eé elaq maﬂf@ it dlﬁb"ﬁ% r—°é°a&‘a1°%ve MRASFETs to
includd i@@E6SEN EmaBtrdevddedda@tes t Kat ddhpy grubaeyurd aasfottebeafd effored to improve

ror oA IAE RS BEsasgln i Sting planar WOSFETs 1n

two gates may be used to control
s MoFHle-eHraMBTE T fopiatettstruonmaR g ETe e qaneidsted g candidates fo succeeding

existing! plbkm Hogarm mdom&gafemdwms w&*gakak tnsy lﬁﬁmﬁ tSddatEd] sHoh g effects.
A FmPk%l% AAVLS 11t dlguble—ga ﬁtrucEreQ%éﬁx(?u%sfs % tQhanne IE:Banor A Emﬁ’i acludes a

VEertica e nay abr
channel foimeg it} ayegig! fian GhedindBE stoictuesain bqﬁa@yatsd ypink dyout endtphpegsetechniques
similai4$ B6ke 1.QH £z CEVERbIa DA NGRS, MOSFETs. DI SCLOSURE OF

THE | NVENTI ON | npl enent ati ons consistent with the

present invention provide a narrow body tri-gate
DISCLGSUREFF THE RYENT¥INg, for exanpl e, a danmascene process.

Irtlﬁlémegﬁ{u?ns EanE gnTw}m tiul, It)r&@l%%xvgﬁgﬁ ﬁf)w&hi%ov@ﬁﬁg) Qﬁéate FinFET formed

contr ol han 3 e and_si nﬁ at e devi ces, and
using, {pf ?xlamﬂ&\fél alﬂffsgqqurocmsl &ri-gi PRt W 5‘?{ e Betlgh ot @mﬂ]ﬁ]t cgntrol than
doublefgata Eﬁ'ﬁln@b{gaw h@lcSSaﬂﬂ wall @ae hiflecdive tdmem than g dabletghe fifHEM for the same

area. L%@eﬁ‘ﬁﬁh% g tHé %ﬁel%ﬁﬁiﬁl&?s/ 6’1% S &l ‘?eils{al?c% 'ﬁﬁeﬁ@&%ﬁ%ish&-

keepi n ortchanne ect un er control
channellrgfe% unz?elr fzonﬁ%h ghe et wegdte; fgrmed i famesesie prﬁﬁ;eésccggséstent with the invention,
may beOR¢ISH KRB batdMedidtantdvad elrmumapograepwﬁayefbets used to reduce

g %g%ggngﬁad?agégp\% grhdf})ggr tg:ltl!lrgl a)? ﬁll%, HlVBl?l?ry wi %Q e?%ort?ﬂ tp%rt In ﬁl%%éc'sbnptmn

I Ona es an ures
which foHepesrind. dirpagt will b%@ﬂ%@@?ﬁ%t@tﬂwsq hyvipgeréingryskilha thy @ epop pramigation of
the folmmng Rr 26/ ﬂe@é&ﬁlecﬂﬁﬂn thé ﬁad@i&f Jf ,the\leaﬂtlolb €150 BB aRHREdne RrhiturdeOof the

1nvent10n mzﬁlﬁ)e n aafllzlegi1 gnd o% da af éel.rﬁlcu arl%%omted out in fr;rlle %pgerﬁlecp claims

I'on” of earned from
t IAeCOphraceQ fhe Eremt ntvhrelon, thederegomg andfither @mm@saqelshl%mun part by a
method &@ernt§§ fiRField kf@ctlt@ﬁegm {élﬁmncgtﬁéé f&ﬁun[g%@h h&ﬁgmﬁ'r@q sQUe 286 a first
articularly pointed ou
end of %& Eg?"ﬂlaﬁ&““trﬁg“f"ﬁ’é a 6?%‘?&%‘? of; “?‘f\f‘én?‘i‘ed’i’fth"& g\)’ét ffrbriﬁlé’é"é ?‘H’@m%ﬁ%“mmy
gate, wigh nfist cadabing agesl, aradira phie wed the fin palrformipg agielectric layer around the

dummy gate. The method also includes removing the first crystalline material to leave a trench in the

dielectric layer corresponding to the first pattern, thinning a portion of the fin exposed within the trench, and

forming a metal gate within the trench.
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met hod of formng a fin field effect transistor that
includes formng a fin and form ng a source regi on on
wa 2005r8172end of the fin and a drain regi on on BCTAES20d/043105
end of the fin. The nethod further includes formng a
d yyerppdingee enothey apitgetaf the inyentiens § kit gate|fin figld pifackirangdtor isiprpviged. The tri-
gate fnf ﬁeﬁ@éﬂ’e&%ﬁsﬁfoﬁn@ﬂ@f a ﬁJ@atffdrtﬂer@tﬁﬂldésQﬁdeﬁgur@acQ|a€d 1364 $oluCe region and

aver r n og al SO
ot G g e P Bl T 2D B B s PG Pelides
metal gatedforabd onrihrtdrerfgpsalf e multiple kafaens, wwereinglsginmak bagn 1dcallyt thiened prior to

formatioh bShe RAHLEL N, thinning a portion of the fin exposed
Ormao ﬁﬁe %g trench, and forming a netal gate within the

t r%lﬁbwva&aaéeraaq faRjurespt th gtetratrinveation sl spomeppadilyAppa} g frosegkilled
in this tuk frorg @t @11bwing deta@édte@fibteal TheletBSdiBdnBIshdvws amrdaschdﬁqbrovmhmustramn
of the l%eﬁt r?)%t ceon{eﬁlnlate(% ﬁl& qlrrgfe%oe ghf {nr aQ ZI q u(r)r a%ecgs:nl 1sl,a’ll C%le %}f‘: of mod’] fications in
variougsehyjioesaespestyi Blryvitherd depagipgiom theigmhonf @wmlghfdjhaérewpgse@é%be
regard @4 il@dtraliR ey fabuio, anlil6r of febrigRt.e fin field effect

transistor further includes a netal gate forned on

three surfaces of the nultiple surfaces, wherein the

3SHUETS Bi nned pl‘lOI‘tOfOI‘ﬁHthﬂ of the

'T%Q}encg@stlﬁade gtlt&%[tac%%ﬁr%g Svher@il QIeIn@@st Héﬁggsth@sfame Qﬁ:rence number

resent invention wll becone readily apparent to

deﬁgn%%?éy RIS F9erh hﬁouéhr"f‘t fromthe followi ng detail ed
d %€ 1 iilpbtrags exethplery @aytye df aviodrsonsih@isor 6308 velées thatintag te used for forming
a fin o YRS Corls] sJexH%JltB ik bg&ntq}‘weﬁtﬁﬁ best node contenpl ated for

car he i nvention. The invention is capable
ofFI?réé‘lﬂ UPtaaé?f Plbﬁgmwlﬁy {arratat s holeni®spect s, al |
WG 28 ard@paltustangsodrteoin Grhia rdgioveiinied Bdjache @e il bﬂ‘f@d} A chifsitent
s are to be regarded as illustrative in nature,
it oS o D et i ver Bl ER DESCH P ON. OF TEE
Dﬁlﬁ/\lﬂﬂeestméeﬁ apefeectipngl vieyoe thegxanipdarsgfin o4 Elve A ennaitien fgh the
inventmlner ein el ements havi ng the sane ref erence nunber
??é g%q tfa?es ”E‘IX S- se 1ona \%‘en tof a layFr o? sacn 1c1a¥ gmc}etggrglgdgon(ghe fin of FIG. 2A
ustrates exenp
consistgijt [viitly thp ngentipms ul at or (SO ) vvaf er that may be used for
f LB Qludrafel Berdds- s&:u('):daﬂ]:@-lef QRRASHhov 118 Nhe Whiirldial (ﬁﬁle QH@@ Sl consistent
nvent| on; FIG 2A illustrates an exenplary fi
Wlthth&%’%ﬁ%‘i ent with the invention; FIGS. 2B and ZC
i FIGH ¢4 atdetBglbutrateecr@nebeighnaiviews efgiumms ofidrandgpddfliecdaytr formed on

thefm'bthfElH’l:oﬁ’sﬁsteﬁv@tht%\@%%' stent with the ' nvent ' on; FIG
| ust ratﬂgﬁﬁa Cr oss- SeCtI onal view o he exerrp ary

f |FhGS 74 OGS ARG P LHaEM O AT P f{oﬁ\}ErPﬂ-‘/Sh“"“ By Gt i 4B

consistedt wits the Bvegiolm cr oss- sectional view of a | ayer of
Sagd, |6flﬂu9&air%g thglftqulofl o a%@ctgp 1a9£‘ Gdj gdellﬁ tkgfduﬁllnﬁate%FIGS 5A and 5B
consi stent wth the inventi on; Fl G ustrates a
°°“SIS%‘F8’§%th§E‘€%ePtdWﬁ’I‘“°9|aé‘31v of the rermval of the sacrificial
OX¥iGl € ilftrakeh (Be rethBvl 6 dutn@R lzattWbAFIGS. 138 ahd BB foir B gatdthetdh. consistent

wuhthéA:e%ﬁqnv‘égmh' | ustrate cross-sectional views of dumy
ysilicon layer formed on the fin of

FIFES:. 8 dpsteash glim@{ne pift thadfntepposddevithinvherppte pnch pfi RS, 7 comisigpfvits e
presend ihdeht®hy at e the formation of a dummy gate fromthe

p%é’ 3 {ustra%s folrn(il 1ng; ofog];te 1n|su%‘itior£1Ir \%ithin the gate trench of FIG. 7 consistent with the

present invention;
FIGS. 10A, 10B and 10C illustrate formation of a metal tri-gate within the gate trench of FIG. 9

consistent with the present invention;
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consistent wwth the invention; FIG 6 illustrates the
formation of a dielectric |ayer adjacent the dummy
waqgavws/oaf72Fl GS. 5A and 5B consistent with the pPesRIS2004/043105
invention; and FIG 7 illustrates the renoval of the
ddfien/ | ghiteates formmtigsof mply sagters Sikcensa fipgonsigengywitheanpthes gbpdiment of
themv@ﬂﬁ,ﬁiaﬁd ent wwth the present inventi on FIG 8
i nni n of th ed
o 1L P PR PR i g B B PR Pl o i Symmecicany
doped iFmHET]gate@ ponsiftpiGwith arothbnegbodiheasoffitginvattioon of gate
insulation within the gate trench of FIG 7 consistent
Wi t h the pr esent | nventl on; FI GS. 10A, 10Band
BESTHS RO QUG HESINVE, ptal tri-gate within the
g aﬂlefoﬂﬁ\ﬁﬁg:d'etaﬂéd dEtcEfptloﬁ of:tﬁenlﬁveﬁﬂicﬂ mdfers\o e atdompgapiesdawings. The same

refereﬂcg}(lﬁrﬁ)us an%& e% dr&\glnés fﬂl i?&%{t%; tgéssaitng %rqﬁ&lft ﬁcp D%Ilt %Lcy the following

pacer s acent sI sten anot
detaﬂeé ﬁ%ﬁﬁﬂ%(%ws not hrtﬂh@e invepBen: flustaad, dimepoe) ofibe fpeniipy laéqﬁrl%dtbééhe
appendwuﬁ]ﬁgen i nplantation within the noly spacers of FIG

]Cons1stetnp Wi tﬁe I%f wrgmv% 1911I !a e o;ga?d Flagg:eFrE-gf €ss E)r forml a narrow body
consi s e |l hve n

tri- gatﬁE@ETMEEH@QRIn@&RMPNG C@Q@T‘HENOMWLIH@W £y anaf b fp’@Wﬂ ﬁgm a layer
of crys@@nd inhiBGhl ARBGSE, Wd?%kaﬁ@le qorlhﬁn,' (Y B bdef ﬁ)rﬁl&i%@ér% fih oAtﬂgﬁctnc layer

acc W N erence
s U 4 R G B AVORE R BHET TG CHHEA b Gy The dummy
gate mey thepeha regnoved tg ereatd mteftn@rhch ovtheniipledeit dayére Bhecb@medi ppdiipwrof the FinFET

fin WthQ ﬂr% gﬁ@&en’cﬁ m;x thé:nm@ lolcanly %ECPLG redtcd §5u§:@/qram sg}gs RaSREe. 0[( metal gate
I nvention is defined t he pended cl ai ns.

st ST BHEcen i Ty B%%ﬂé?ﬁneff ﬁ\?@ﬁfe?tﬁjrmgawéfﬁmé%b“ﬁf&PlﬁtF {he damascene
processlamascene process for formng a narrow body tri-gate

FIFE@ '%Tllds§ateg Ecl Q%Lsdsg&imn !)fq sﬁlbo% off ﬁ?ﬂ}%r%dl gﬁ&ﬁ%& f‘)ﬁﬁed in ac%ordance with

process, unmy gate may be rom a
an exelep% fzrg‘)qdiuﬂeét q{lﬁleéfepe& 1nvegttpehS%T§NafeF &)QO @ﬂ%sl‘ﬁﬂ \élth the present invention, may
includgObuyied dxide @ffer 11 Midtmed asa BBimte fi O3, NEfh oﬁMﬁdSl la@erfl[);ﬂmayofm ther be formed on

buried gg?éelg}%: %10C T}le% qg’yﬁn’ftéa[unef‘l Pa e’>r 185[ rance %@%ﬁ%ﬁ from M: 5004 to

over SO u ce “dn
about ?%8@2} Hdhe thpvkaesg) aﬁhwed@a@@lamyl O Fpngrefor exapple dromabeut KP4 to about

3000Aa F@aheandl [a@éiqbs dnB sibbt@te Oi5eha@ GhindcGTol SMBPle, silibR, BXRRSEE semi-
condud®Or LI na§s such éarmFl nFET {)I n W|th| n the gate trench may

then be SIg PRI ABY 5% educe source/drain series

r ésihown Fﬂ:lﬂGS ,QArfEtt)wh 2B ot verticdh Ep 205y Aefogned frowdin shpnfehlpyes 105. Fin
205 m&foe tdp@ed | fopexﬁﬁyle L8 1R witkh anMgé 41 16- IT@ Iﬁ‘[ @ﬂfh@g mgﬁgerrmed from fin
: lb{ctocorrgeteteglnﬁ lgc{ E% d etchi
ayer 17 YSH& ARAPREMENH PEEES SRUNSH AV 87 gl iy |eélétH‘g BiPlhegrrRiicgpd etching
procesge&Ol ) waf er 100 forned in accordance with an exenpl ary

e msﬂu% R}tfoﬁfatl&nt%? ﬁnpfcgss%mjce il 0] XrﬂQﬁ'a'npﬁs re§Q1s mfbgforn:leqqm acent
consjstent wt Pi(gresent inventi o i ncl ude "a

rspecAPRaE Ghd0ae" 1TAYER FITD o8 GRS OHF- | Gl SR o mape formed
by, forexampehdenssiion bfayger df €mit@duding hdeial dyer fin@0FTET e Ofirch AIT0 a@ddrain 215

reg1on%g%§ f(Jrlﬁé/d%fonllti]reol ye;- &gerﬁlt}&?ﬁlﬁ&ﬁ?ﬁat&ial %sﬁn@ fgﬁg%ﬁb% cc!n@%ngcgnal

rang o1 exa
Photohﬂleﬁpé&\%ﬁ?ﬁtfw PEIPSER: n@@gﬁ‘é?‘i ip e el gsepgnize | hgyeer. thaitheggyisting
techniquésh@® be fisdd foLRoaning Gurcd 710 AncRALI15 1HEIAFOr ARAIM, source 210 and drain 215

regions may be formed by patterning and etching fin layer 105. Source 210 and drain 215 regions may

include a material such as, for example, silicon, germanium, or silicon-germanium (Si-Ge). In one
implementation, Si,Ge;.,), with x approximately equal to 0.7 may be used. A cap 220 may then be formed on

upper surfaces of fin 205, source 210 and drain 215, as illustrated in FIG. 2D. Cap 220 may include an oxide,
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40

30QgA. Fin channel layer 105 and substate 115 may
i nclude, for exanple, silicon, though other
weenismardact i ng materials, such as gernmani um REY/US2004/043105
used. As shown in FIGS. 2A through 2D, a vertical fjin
such ap {5 expgplesdicpmpifeding merFRTeE Horekamitelon ehpeirl 50 88 abmit f07pis
mcknd;my be fornmed, for exanple, with a wwdth (w) in a

f
| P R R R O S CAR B ron DR g e s
305 mbme foroed dnifim202dd sarce @) (84t sty nphd teih 21 hlogsagyh). Saaifidial oxide layer

305 m@yttﬁ hd:Reh AHRAGES Saree 21%‘%\@@ &4 Qmus&garryggﬂm%&mprgges 'Irﬂ‘.o%@é(emplary
source 210 and drain 215 regi ons ggg{lyglgwgorne

emborlfygpis 16 2R it e 398 oy oy PO OP rioeqe @) and
drain 2B &nstlodGn F60 AB,cap 20 ehdandifictilakite 2yEb305agly béemoRey udd a

converrugﬁa'fffrgceps)/sucﬁ %rforee))g%qg?ej 3 CCinge%Hcgﬁli %ch‘ﬁE Ergéessq%he%ser defggts fr(ﬁri%dewalls

sem - conducti hg material over e solrce
offin28d drain 215 regions may be formed fromthe |ayer of

S @‘ﬁhm@@ﬁﬂ&%lnﬁg bd¥BinRe bigtin 205 sBigee jl@ﬁndﬂmb Esing a conventlonal process,
as shov&lm t I O ({? 4& tf )gamlp ehrlnaécg SEI e}g glgrl?] nxgonqj’n%&e tsquluc? 210 and

nli z owever,
drain 23§. h]é‘FmI@XQXSjP H?fgmqy @@Wﬁ‘? avaside, M‘P}l afy @f ereple deliconfqrﬂdnmdglay range, for
exampROfdne Sodt 50 Aah ghoslri8d A m?tﬂ-lé(nés@ O1AQ AiSther E1Rfwn SBOYEL a 1R M o Bsilicon

1012 808 VP 0l U A5, DR R BB S5 s e,
for examplyi fommsaburety/00 £ ol abiee 2080 e Pelpsilaxbn Isyec #il.0awy bé pilisted besipising, for

exampﬁI d dhgrgl@al ngafaﬁ@ﬁbéﬁ%nggéweeﬂrb&g No %Ie%leﬂl@ s(u%{ce g%)lprmje r:ﬁ,]ubsequent
| mpl epent at | pr oxi ma

et gHaahy. L oo RS L 1 AL e85 P SR T PHiRgr 410

using aonon el peuess, ack ss, fof exﬁnnple 20mversionsl p@erdihfand Rdhiok @ochss.

2 1‘%@ ’sho% 11{ IL"Ibu@E B gigc@rg: 15 &)F glay l?e rmgé‘gvezgu% Ve Bég)q}sﬁfg Bor @)pclmple

oxi de, such I Con Oxi
COHVCIW%%@PO%P teé%miﬂ Qleleftflggyea Bmay instydea foy gamplsietragthyiprihosiliqate
(TEOS), ok kg pesiSliclofGic mAONN Tha tHidkkess G Aicleafit RYer B(ﬁrmtratn@m fooéxample from
about ﬁ)@@é?o géQS(%Q\d lﬁierle?{r Ingeg%Oﬁr nelgrl tﬁ’eﬂ%&go sheg%zgzlé L?Iregl o%l t eggfalger%%rface of
dummyg g7é3 9§ usfmdfomxamme 2 CEIP ppnsess. ehidwarpied iSFEF-6f | ci al oxi de

| Dyidny g%gSGS&Md hewndyokineLhs afdy fhblﬂ)ezgfi)vecﬁ QL& id i, @ﬂbﬁvmg a gate
[ usl.n ny caonvent |
oo 2 o) Gt Bl iy S0 B e R RO Pl e
etching pygreyses3 O showry ind G- t8harontioh bﬁ/thfgﬁmwnndnxﬁosqd W25 gate axnehci®5 may be
thinnedtd Qroalﬂ:d a d)(:zﬁly rlmglélcﬁﬁn ré8onH09 Whhe |p5h1('ﬂ dPthe BB chafiRPexpsstl féh gate trench

705 i 35 i R oot b gL FppSiant B igion 0 ey oen e

formedgp payetren¢boia|as élbwrhm &Y. Br Caemsuldtion 918y ée itlemaltytssowhoodeposited
using c%h\gﬁmil lpl%C@iceg ! @%Q&ulagﬁ@@ym%hﬂﬂe §%5 81@3@1}@ @161\9 E—Iﬁ@z, Zx@;], A1203,

source drain 215 using a convent i onal

| HFSIOBP 6 S5 Seriu . Prieic el Durmy oxi de 405, for

exaniplve in FIGY. 104 108 erdrtaC, aymegt o¥ert 00N mAyi ba f2€&), in ga0dtreah 781 ver gate
insulatfdf g‘lOd Iivﬁ'tap a’t)ell%OS rBX‘p nQe?&' te%?ch%usknggg&qgmgﬁl 193%1 g%]psmon

such ¥or ex con oxid
procesgApd P@hslée bk §nireipery fur‘a@ OAdlﬁlsctran@m 6055 leta] gaty 19%11@»( I“Pé'ﬁ%e a metal
materiafSudhus, Fdd €XanpROTMN ok mlNHhG;gh 4iBer nitalsanag be @bd. PQIsySinlid IGNMOC, the

resultlr%}r%tap%e 1%?%13 91 oseg ont g s1I1ﬁs|3 %5 tl§us procc’iucmg 41%5 geﬂe I-ﬂ'uqlgEﬁJ Q‘he tri-gate

kness" o 17%on"1Pa
FinFEY, gensighens iih te inpengion, aibldlme b?@@SIWHC’@?nB% wtrolzlm QouAle gate and smgle gate

dev1ce§°q1hy@1L§ate (mP'E’r amave%;g@errajﬁye okaﬁenlpmkd m@ae-@a@éﬁsnmslf&%e sdn@larea. The
ne I Ca .
metal 363( g{gﬁgg, ey 6‘“ '?Fig‘éth%f %P é?ﬁ%ffspé’ dF%{%tlé’“F%e% %ﬁ%@éﬁmt&me-

subsequent gate |ithography. As shown in FIGS. 5A and
5B, a dummy gate 505 may be, defined in polysilicon
| ayer 410
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20

usi ng a conventional process, such as, for exanple, a

conventional patterning and etching process. As shown
wonodslo@726, a dielectric |ayer 605 may be for nBAT$2004/043105

dummy gate 505 usin for exanple, conventiona

deposi ti on tecH@ﬁaﬁgéR ﬁﬂﬂﬁﬁﬁﬂﬂ%ﬁﬂ%ﬂ@ﬂﬂ%OS may

i ncl ude, for examieLysENAeERYEOGhMESI | icate (TEQCS)

or any other dielectric material. The thickness of

dielectric | ayer 605 may range, for exanple, from

alidel. 1-0D0usate an cabrapkary 2E@Es . foriiire] agyoimeiric moljdenunG BiBFEThgptes. As

showntnlﬂﬁ@ plethpgée %lléﬁ gro aytb9g1§ YRPHE detpl')]s@aol-xI Qﬂﬁﬁyb%ﬁﬁlgm ;i §ﬁ19 f 105 to
5 usi or exanp CMP process,

ate 5
Pmd“‘iew}w%egﬁf acers ! 9 aad %é By iy “@&Pf‘efo’ﬁtﬁ%lnéffafda‘t?ﬁﬁ’vh i prgplary
procesd Qdscritved/abbe evith bespetierBIGE ] and Q. SHeanulybilaur bfacers7,1 10 Ma Vi 16 gha@range,
for exagxﬁﬁe &nll %@&BO(?%% ab(Qlltl W gIh%krllSeQS and durmmy oxide 405
e renove usi ng or exarrp e, convent i onal

et PrPqvEnt fr dsposiisnef the&owﬁe@m spagercl (30 argl 1115 b psgmmeyfically doped
via implRatibi 6F dERAATGce @RS Sidntwgéd’l ItRplgHAdi6n df nROgR in/ddéh (ﬂ'&ly sﬂﬁ@ers 1110
and llEf_Ealgrs ?h% wo& fEnc? c(:jnt'la%s%m%ecl egcn s tcgce Egegag ef ert}rlcrde r}g ol? a[facers 1110 and
1115 rﬁﬁﬂléﬂn@ ﬁlalmsk h*agtwtféhqs,mrwnfe@g asmetrmlnﬁbléhe muhmsléhléfiit ive

etlﬁﬁlé 1&1fs dds@ibrls MuBBRNELcific GRLIB ale RSt ?Hrlﬁtsh&'ls g)ltgﬁdma)(erlals
at e treqfh 705

s P 10T TG A RE e e presct instion
Howe g fhe gietegidnygation gande pragived withatit rggprtingts the detailegtedfically set forth herein.

In othér ﬂ@thﬂc@sl %Qﬂm r{)@%mg E‘tﬁlliédgghasé Q)t béh %anb& 1Ndet§f Q}]rde“l: %

or ot her

unnesS5gh BERT B PR 14 PELen AT SBiABaft FISHES Preied&nmrfanvenﬂoml
photolili®€3aphic anétetinggatiequiOddy baayiplbedfaod hed, thedegiid & stich &almljues have not

bﬁmsgggmgMgﬁngg&¢ insulation 910. Metal gate 1005 may be
formed 1n gate trench 705 using a conventional netal

d @ﬁ@éﬁletw%ﬁﬁfei)%‘@@g@ntaﬁdheprn %t afal geamplestoh s gpspdity are shown and
descrit@dl infti@epe:s@if digdiosd:e at i tobe hﬁ&ﬁfoocﬁt@ﬁ thelMetdibn § &ipﬁolel&ﬁlﬁa 1ﬂﬁy10us other
combi(%aﬁﬁI Hﬁﬁgﬁgﬁﬁ%‘%ﬁgﬁg %lbé a$sf mr?gllflgatt)ml% wltma‘ﬂ% Ag))éea ??Qhe mventlvi::?o&:ept as
expresgdlereibhe resul ting metal gate 1005 is di sposed on

three sides of fin 205, thus, producing a tri-gate

Fi nFET. The tri-gate Fi nFET, consistent with the

invention, wll have better short-channel control than

doubl e-gat e and singl e-gate devices. The tri-gate

Fi nFET wi || have higher drive current than a

doubl e-gate Fi nFET for the sane area. The netal gate

905 of the tri-gate FinFET further al so reduces poly

depl etion effects and gate resistance. EXEMPLARY

DI FFERENTI ALLY DOPED MOLYBDENUM FI NFET GATES FI GS.

11-12 illustrate an exenplary process for form ng

asymmetri c nol ybdenum Fi nFET gates. As shown in FIG

11, the exenplary process nmay begin with the

deposition of nolybdenumon a fin 1105 to produce

nol ybdenum spacers 1110 and 1115. Fin 1105 may be

formed in accordance with the exenplary process

descri bed above with respect to FIGS. 1 and 2. The

nol ybdenum spacers 1110 and 1115 may range, for

exanpl e, from about 200 A to about 1500 A in

t hi ckness. Subsequent to deposition of the nol ybdenum

spacers 1110 and 1115 rmay be asynmetrically doped via

i mpl antation of different concentrations of nitrogen.

I mpl antation of nitrogen in each of the spacers 1110

and 1115 alters the work function associated with each

spacer. The asymmetric dopifig of spacers 1110 and 1115

results in dual work functions thus, producing

asymmetric gates for the resulting Fi nFET
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In the previous descriptions, numerous specific
details are set forth, such as specific materials,
webkomsarunes, chem cal s, processes, etc., in or#eT/uSe004/043105
provi de a thorough understandi ng of the present
WHATIIRCEAIMEINS: However, the present invention can be
practiced without resorting to the details
specifically set forth herein, In other instances,

Lo wémethphefiprmine 6 e S8l Ao tapdnr fhEX eRE¢ Y not  been

dﬁﬁﬁﬁg@@ﬂg@ﬁ deta|I |n order not to unnecessarlly
E)ggllf@'g aceﬁoHrée &eﬁ%n gﬁ% § {1rs Ieﬁc\il (ge%:ﬂee%g %Os%agﬁggrtn j I(r)en ion |(ﬁ5) on a second end

cﬁﬂwfphﬁﬁbllthographlc and etching techni ques may be
e FiRhiRY £8mnfSe (RBE Gith 4 G s@BlcAah@in®hardHe I;h 4 iﬁ& RefURS: the fin
have not béen set forth herein in detail. Only the
(%ﬁxpreferred embodi ments of the invention and a few
efoanfpg ©dicl@fricildysr (G&5) sradnd Ithetdymra)r ategbBWN and described in
E& ofth SR ke sGhiSShRAHE grﬁateﬁiaﬁ ol1eivd P& (V&S’ﬁlrt&td%%%& 3 (605)
e In entlon i's capa use I n various other
Cmmﬂ@%ﬁﬁmﬁ%?@ﬁﬁ@mﬁhd enV|ronnents and i s capabl e of
noehinih i & pdriicdrds thefih (205) ekfded SaKip ee @énch [105), aident i ve
conc. [ TS CLCAAMED IS: 1. A
né'""pamgﬁﬁ Qﬁ&é%%gFEEE‘mQV effect transistor,
characterized by: formng a fin (205); formng a

2. SOhH ol 8GR 1 (whiin tRnefl gai:er(&jomﬁﬁiad&fat telethfeb Surtc2OS)the fin (205)

and wh?'rgicﬁj §)% _ﬁg ]Eigl%j %ferﬁtg tgaésgsg?f(cgn]f rt)é %agé’gl)%o ﬂi eff%chganglgtgrh e fin
sem -conducting materi al, |n a first pattern over the

3. firR rﬁe%{aﬁ))f cldiRi m}@gmahedﬁeeektﬁ@ta dr 505) 2 BrisésQQRYh AL DUNEtab bRy
ﬁéng¥ 5&505 %HDVI % g first sem -conducting
wherein,fhe fists g yRteral CEuaise PN | n the diel ectric
| ayer (605) corresponding to the first pattern; '

4. “Tfhélﬁutﬂ%loﬁ‘dm&tflnfaﬁ Qhplidde: f' n (205) exposed within the
trench (705); and formng wi thin

Q
¢ s elhe O%gm@)sulat?n ST e erige 16 Tetean ﬁsﬁﬂf B (1005

the netal gate (1005) contacts at |east three surfaces

5. Ofl’h xge?ho]:i oﬂ:le&xggs‘)heﬁﬂlqhevgatg fn@dl%ﬂlmtl @?(%)fcb I‘fsés%l lgas?(fng Spéﬁo Si0,, SiN,

transi st or ield ef
SK”‘HF%M@?@#%ﬁkIﬁgmxﬁémﬁé?ﬁﬁéﬁof cIa|n11 mhereln the

di el ectric layer (605) conprises
6. tqﬁeme Hé géq Ikl&glg and wherein the first
eni -conduct I ng nat er ses poI silicon. 4. The
nﬁlfmgia lofer ef darnmy pxidg @950 esE thngrnﬁéﬁ) 8Ti9fde Ofné?éﬁlerfb‘mélylgatﬁf é5#05>’
ofwhgaﬂ ﬁ)rﬂuagstué ainlngnga(e coinftiskshe trench (705) prior to

aERR el R G A Rt B b (o CRRRT RS o °

| etalgtg thﬁﬂg{eoff IS fiEt se@p-@@duc@gﬂnate@al@[fonﬂpb@um@y o (G10) @@’ﬁrst
patternHIFST Q( X) ZnS, and NQFZ 6. The nethod of claim1, '

further conprisin a |layer of dummy oxi de
( HOB§" G n@ﬁ@mﬁ %w:@ggfmﬂgﬁﬁr to fornming the dummy
g é¢pesit{ny @ Dietal material within the trench (705).

7. A tri-gate fin field effect transistor, comprising:

a fin (205) comprising a plurality of surfaces and having a source region (210) and a drain region
(215) formed adjacent each end of the fin (205); and

a metal gate (1005) formed on three surfaces of the plurality of surfaces, wherein the fin (205) has
been locally thinned prior to formation of the metal gate (1005).

6
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wherein formng the dumry gate (505) conprises:
depositing a |ayer of the first sem -conducting
worb@rored27over the fin (205); and etching the Payas2#/043105
the first sem -conducting material to formthe dumy
8.  gathe ik BDorfettiraksitr biiclagl 7, PathtRbMprisiaer ei n form ng the
nmetal gate (1005) conprises: depositing a netal
material within the trench (705). 7. Atri-gate fin
f iacgiid ingflftion taydr KH Asfredbetwegmtirp il gatg (1085) fidrthefREBY); and

c %’H}é‘ieicﬁi: ﬁ @so@} Rl hdiaker®@ihe SEEIToR6 ?ﬁ) sgrash DA HGr dle SO Rource
and a drain region (215) forned adjacent

“%wnéagwméﬂam6wﬁwﬁé~¥un (205); and a netal gate (1005)
formed on three surfaces of the plurality of surfaces,

9. V\MI%F ﬁﬁ pel& Qﬁctfu]a 1s(oﬁ Qfﬁ‘)ambﬁ%/hgglg ﬁle 1% g%g S Jl@éﬁ%@ﬁ? cR)Es sg(!tlon and

ormation o met al
whereiaflfegate inpaging lager GHOdspmprisesi ahlpaﬁt onP eﬁtlﬂ 1026 SNpTPR PPF@% Zaoz Alzos
HFSiQtAS,lanéMpBt i on | ayer (910) fornmed between the neta
gate (1005) and the fin 205); and a dielectric |ayer
(605) fornmed adjacent the netal gate (1005) and forned
10.  oviemethddef fopmping 32@5’9'6,1(1 offeny revsisto efimppisii2 10) and drai n
rqghgga@ggﬁg . The fin field effect transistor of

ta
8r§‘é“g§‘é%‘if‘ieé‘?¥‘°32%}5%%?éfléﬁ? ohB el PlFLTRERT Pl second end
ofme@®@@$,conpr|ses at least one of SIQ S, SN SiON
El%)sﬂ;l@ aQayer &lﬁgspsenu HF @cgg)ﬁat%@%ve%q}nw 10. A

forminpng a fin fjel fect transistor
C (fffBW &y ]"Rﬁﬂr oktht ?Fftﬁiz}méo'fdi“ﬁm% E‘@tsl)‘al torloym 2 dygmy gaéeo(a?% i a first pattern;
region (210) on a first end of the fin (205) and a
drf@ljmlﬂlg L8R %%1%5)%% ?d tﬁe%%‘; ofl gogf the fin ( 205)

depositin er em - conduct i ng

OVERov{ng éle%rShse{nzalajlucm&Wﬁnﬁgo ks 2 e (70N %@elﬁt%%yer (605)
cmn%ﬁﬁmmg@ﬂﬁdM£&mag material to forma dummy gate (505) in

[ LC | ayer (605

ar tl%hl{r:l] tpﬁl%%l; §'ell fin eQ osed(v%gg hg trgncﬁ |§n t hg fi ESt )
séﬂ$mgeﬁﬂ@6fgﬁgn ﬂ@ﬂ?%wmﬁ@tW@ﬁﬁgﬁhmﬂrench (705) in
t liepdditif Afdid] nbtediAYalin 66B&h @09 keBRONEIN atd Qodshe fir st
pattern; thinning a portion of the fin exposed within
the trench (705); formng a |ayer of gate insulation
(910) in the trench (705); and depositing a netal
material within the trench (705) to forma netal gate
(1005) .



