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WD 2006/ 079964 PCTI | B2006/ 050238 1 Met hod of
fabricating a dual -gate FET The invention relates to a
nmet hod of fabricating a dual-gate FET. EP 1091413
Wonlegsmssda net hod of fabricating a dual - gat e PCYIDB206E050238
5 wherein a sem conductor subsyrate is provided with a
plurality of pillars, which are fornmed wth
Muthodarftfatoratingoehdiabkate F&FY aphy and et ching. A
subtractive oxidation process reduces the wdth of
the pillars thereby creating channel segnents, which
are |laterally separated by spaces that have a w dth,
which is smaller than the width that can be obtai ned
with contenporary conventional photolithographic
techni ques. A gate structure is forned in the 10
spaces between the channel segnments, which is

photol it HlEbgrvawnmlaielleyeqdatatrm’ch@obfé‘moemmwamate&rEé?at e
the desired shape, and the source and drain areas are
formed, thereby creating a fully- depleted and
fully-inverted dual -gate CMOS FET with a plurality of

st uct ar hal A3 sty Eipefied SERBREPe3 GrFetlt EIQRPET
wﬁagiﬁemeﬁncon@@dtdrl sabadidie by@ﬁﬁdtvm LRRARE] o FHRGHE HihSch akd formed
fully depleted and fully inverted dual -gate CMOS

Wﬁ&?omieﬂféow phofplishogranhy aeﬁ sichioe. A sghtmstive apidniiog prsesiefuces the
wﬁﬂ?&f lﬁe f)ﬂllazls)fhéil@dy &&ﬁﬁgrcﬁ&ingpse?ﬂleﬁ@ SRR %ter%.ﬁ? E%ﬁ}a%ed by

can created"w t hotit si gni ant | nf uence
snamséh@ davgmwidts indvighab swalles dhan thehwidic thiabsan hembmmed with

h
o PR M oG P ARER LR B s n e
spptustbetwerh dgrchpiviet sdganehis) whiek is pHoelidhighiptiicalty p:[tdalnmg and etched to
crtg 1R ot Shiney G 58 SR IR SreATATE SO0 BB st & ully-
ddplfed dnltfIBEMREIMdCduRL-2Re CMIBS FERGH IRy GRItRAIIRERBnding

and _t he subtractlve oxi dation step. However, it 1s
channel segentsagd p gaigsEuetE Withi plustity efvesticaHyroriented setp segments

gol the reproducibility of
pcﬁﬁﬂn&fbét\»b i oaﬁ’nﬁ e%@éﬂa. .

this vvldt rds, a smaller width of the
channel ey ﬁélyt@pletedkand ifulbydinirted dlagltt gatgCMIXS FET, the width of the

B p——

cretitdd witlent signilisant aiﬂiﬁncetﬁdim ﬁﬂiﬁﬁéeyshbﬁl ehatmtl dfdcBNTO hcHidve this

fgﬁtd%'{g B o TP SR TP B SRIGF oA Sai e Bpiamed with
hotiithodriinic t@ﬁﬁﬁq&@tm%éﬁ&m%rdh% b SRGIRA artlabhieves

|s ev ent that, "‘because of the large variation of
thlﬁ ﬁﬁe%batawombmﬁ@n efthres slifferentvennestional fabgicetions istens:tthe o

I I
kG, DRS00 R B sy W o B v
is digfioudt to nestuteathe mddthiod the\WRa @D S/pf 288 Gid ROTE kBROGGE @Sﬂﬂﬂ &e
repzroducibility of this width. In other words, a smaller width of the channel segments,

obtained by adapting the subtractive oxidation step, will cause a larger variation of this width,
for example between different substrates. Ultimately the variation of the width of the channel
segments will be unacceptable, and the minimum value of this width that can be achieved
with this fabncatlon method, is reached. It is evident that, because of the large variation of

the width of the channel segments, it is difficult to fabricate the channel segments having a

~width smaller than 10 nanometers with an acceptable reproducibility using the fabrication
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met hod of the prior art. Another disadvantage of the
fabrication nethod of the prior art is that it is

difficult to reduce the CMOS FET devi ce area, because
W@2006/09P40f t he channel segnents is defi ned Po/IB2006/050238
phot ol i t hography only. Therefowe, scaling down the

pitch of the channel segnents, and hence reducing the
mgtheld of tlarpeiar att. SAmhthes ﬂishdnadtagy of the fabirichticet methed of th&prior art is that

. ] whi ch
el PP IS PR Yty b RO P o SRR Pr B pagpet sgmens
isldefihed t@np}mbqlﬁMgmﬂaytoh}y II*nMema Sculihg dpwn hedgitch offthe hhﬂmel

ERT o vy
pBRQIROE R tef:lluﬁ@es Wohibh & aPoudn@noe Bﬁin(ﬁné%rcﬁtt PheWdheodt fﬁﬁhﬁ Rt this

are smaller than can be obtained wth
appligatéIn; t hogr aphi ¢t echni ques. According to the

i nvention, this object is achieved by providing nmethod
for fabricating a FET as clainmed in claim1. The
dependent cl ains define advantageous enbodinents of

e  advant ag
Fim i t n s g gl b ok alon iR vl g fqontgae
FEfE,td?i:ﬁch ishapablmfmsmng expdntkly emﬂl rephbdieiblé1etianne segrheitsSor fins

f | f le _
Wi b Gy s b 1B beth A SRR tin £t bR ST okdg8E Bpofolithographic
teb e U&dcbf&%@)théf\lnb&ﬁ%h mmbyécﬂﬁ a@lhe&eal Hytﬂ}@ﬂaﬁg Mefhod for

t echni ques e fabrication nethod prior art

faprieating @Wm@wl@@mﬁlmlr Tip dependent cmsa#din@ gdvantageous

IPMIH g%g ﬂﬂ@ﬁtfo capabilities, 20 thereby achieving a
arger w Wor se unlformty and a worse
r epr oduciThisl fachatlhlameﬂiod pravistel @ dinofith hmdththanismﬁnedm)ethe
rene I bl e wi.dth, of in. of the
oL RF Fithod T ol S i v 00 alebfsfoiring e i
confBring] fayetLlok exhniplé sovetal Boihad/lapdrs, GFith deniform thiekess i 1_n a

easi | The .i'nvention prqvjdes a trench wth a w.d
repidiciple “@a;t“@ﬂwmiw ol bagrantig midHee. Hdy Fiegtion method of

thé BfibParefotrhs Sanhdli6EmentdbrFths TRk BESEna ba Phétb! 11@1W§raf)1§lf: Eﬁ;ﬁglhtles
very thin confornal |ayer, for 25 exanple Several
th@’@bsm%nelvaase& lergenvidth, & worke wHfermity enche werse aepoducibility than the

métﬁ?ci ﬁldtﬂg in%rﬁlo\ﬁaefhe J:Eﬁ%{x%ﬂﬁs%gﬁléi) rodtu‘t:'% C\D}?glr #ﬁ{lé ﬁl? op{}k Yvention

ave a larger w se uni
enplelps cohictd 4 ﬁﬂly dep]amdaud ﬁﬂlyhﬂvdrteé ohdnms] Imhmldﬂﬁﬁ theﬂn Imore easily.

hot ol.i t hogr ubtr ct.ive oxidation, thereh
TR YBtiet ROHARRA Ve S WK Bt R et BR tpelimisabipmethod
thzitffaﬁns(haﬁisﬂﬁy@ hﬁd@lblil ﬁﬁtﬁbﬁtal’so oWt SR gad Ver¥ thin conforrnal layer, for
phot ol i t hogr aphy. 30, Anot her advantage o

expmple seyesH os,mﬁ i?éfem wih adpienm thigkness g a mpéociqc@htwaia rfde spaces or
trenbfes fui fFle laﬁﬁ Hzgvetahg:%e{)gﬁlnﬂgﬁﬁf zf‘\;?;seé r ﬁﬁ{nﬁﬁ'ﬁﬁﬁ rﬁp&lg{:@ﬂuy,

hei g h e finc
begﬁusc ﬁre tltencelwe arezdefinedhby phmlhhqgranhbr@nﬁ subirawivemmmmn thereby

in%réegéﬁlgttheo&cﬂpoﬂﬁg %%che%ﬁééfg)g s el?ag“ioné {1;1% b% 1ne vﬁ{h

nore can be ac ence navil ng renc

- coffepibbrasynghotolithdpeandlyt t hat is at least ten t| _rres

| arger than,the w dt

the fin. Awptheradvantage of%e invention is

the fin, meaning that the depth of the trench and the height of the fin can be much larger than

fetion 0 nEER hspatt ratio oF thetench and

~ the width of the trench and the width of the fin. With the invention an aspect ratio of the

trench and fin of ten or more can be achieved, hence having a trench depth and fin height that
is at least ten times larger than the width of the trench and the width of the fin. The current
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WD 2006/ 079964 PCT/ | B2006/ 050238 3 drive of the FET

is determ ned by, anongst others, the nunber of fins

and the height of the fins. Therefore the invention

pr@0eew9@ FET, which achi eves a hi gh current PEATIBE06/050238

while the device area is smal her than can be achi eved

with the prior art. Another enbodi nent of the nethod

dove ofithe FEL(S dajermineE by agnernrast others,che memter iofi fienandahe height of the
I n I t

ﬁﬁs? 'ﬁf}fezoq‘% tﬁe%{;énﬁgn glto]yldgﬁ 3 FF? \9?1%' act,l%%‘f;eg é?ﬂg‘g cgm%gtl S while the

demcdatreafsemﬂdthamaﬁ@adclne\mﬂmﬂithepﬁbrafter form ng of

t he secongd | There ter t VI n .the

first and g mbadmept ogE 3,598% ing to the
inveRinlompeikest foEnifY bi least SxEuRie: ér@&u@lﬁ&ﬂ:oﬁfpnsmg a layer of the first

selectlvely renmovi ng the first rmterlal further
maigrslandadayer of thesecoad serpigerducios mateiabafies formingefthe preond layer.

Thér¥aes s 1SRGAREHHE 1t GRMHAGEQnd q@’e? {’dﬁ\gﬁler Qithridbs l‘il? removal

least two fins adjoining the trenche formng o

of the multi-layer anddhe gemotiseleréysbarcawyingtthe &5y matsrialfurthey camprises

T et Bl gl RERRE PIng o/ o1 RO sclionBidsip Rbriat and

lehsitwe fineadjouningi thd eenchesa‘. Whaﬁ:lnni@(ﬁ‘rﬂse mukiager ¢an B@fep’hated, thereby
t hi ckness..an det er.m ne v..t he of . t

b TRl o 78 SR WP hes Throieh o s i gsfiogd by fhe

fabittidn hethddBatffomss reproliitgble BMﬁBﬁthaQ TayeRYwilfa &erﬂnqmckness and is
than can be obtained with the fabrication nethod of

deteraningd; by thesum ofihe Ehckness i dhe st andghe Wcanqohathmcetﬂr@rtch of

'thtgtg@ﬁﬁ?ﬁlﬁﬁg%aém pl tch&q%&ﬁa ‘%e{]‘jr%{s,ﬂ?g”eterm1?1(23}@11[1&}1Od0f

thﬁ prion @t, avhigbaTetied jeswts imp @itch oftbe ahhn_adtmgaemﬁ thahig defined by
'{]ch \%gﬁllé t?.%ﬁnrz] e, &he%ﬁl ge epc‘icg f %\ﬁn% f:t% mmﬁs @e total FET device

€ sane rical "péer
aréd; dic alvimtgleaf tha ihvertion i thyte weilleFET dbviey &t éahrbetabmeved with

nme FET device area.  20. further enbodj ment
08 i teucq) REaTBR Pt BRG PGB A SEOPAi Ve the same
FET A&diceash. t he second seni conductor material after the
selective renoval of the first material. By providing
dopant atoheEtherembodiment comaprises thestepiof graviding denantatpron fo the

firk @8 'the E@ncf:s%gﬂébp Ill'.léﬂnll}fat?l‘feﬁ %ﬁ@rctil Eél%ﬁllvg ?ergn%vaf Qiethé Fﬁt material.

may be change propriate er enbodil nen
Bjcmnpldllgek)pmnatMSelp thn‘ﬁlpbefmed'omgnga tHedyslatioh layentientoaductivity

25 materi [ bqt surface, of the trench and in
Ch?%gte{l%ﬁ’sgghezﬁg' eb&iﬁ’@nﬁ@r?pgm U8 protrusion. This
i npl ant ed fusthéfenibayisentiGaprises mdjs:e?tofbfwuﬁﬁ%:ai 14§ tri ofiifnplanted
r

characteristics of the bottom surface of e trench

majere e pefion sirface of Bre trepieh pddn thestop surfacg of e fmaad th
profRERD T his TP tybPRay BE 4876 S(Ii,]ﬁ?{t t@’dbﬁ]ﬁlgﬁlvﬁﬁ Eﬁaﬁ%&tér%tlcs of the

transi stors on thé device perfornmance and | eavin

: boaﬁmwwm of g trepsh atd the rﬁomslrfthﬁeofﬁhe metysion aelide fingthereby
| re@nienléf he' il OFS‘? Eurgré?i}%'a{iﬁ@ frafistdsd Bn W&k B0 S BIRE S8 eaving

only the dual-gated fin as the primary conducting path.
Another embodiment of the invention comprises the forming of a FET with

two gate electrodes which may be biased separately and which may comprise different

- materials. After forming of the fins and trenches, a first insulation layer is formed on the

exposed surfaces of the fins and the protrusion, after which a first conductive material is
formed on the first insulation layer. Next, the first conductive material and the first insulation
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two gate el ectrodes which may be biased separately and
which may conprise different materials. After formng

of the fins and trenches, a first insulation |ayer is

Moo pagelo R4t he exposed surfaces of the fins ardTiIREN06/050238
protrusion, after which a first conductive material is
formed on the first insulation |layer. Next, the first
layenata cemoned iaesgosathe spdsutthe: d#fithsproimsion, diidrehy cv@ting a first portion

7 4 .PCT/.1B2006/,050238 4 .| ayer are renmpved.to

of i PR P B O S Pt HE o RS BBl O 8 vt
cordnetivengataridl iwkidh ipaf 4 fegion dutsidelthe fredchbs, fbBRBCIHE Yifst portion has no

materi al . V\/g]ilech ia in the trgnches .and a_second portion
cjineetinn With te seqopd gortonexthe progusige;the,firstpqriionof the figt,
cOHHuSH¥EMAtEBEal bh& e TR insWeinR 1dYef ML irbrnthedRE FnRVellaRerBR)

connection wth the second portion. Next, the ) )
cispting asagmbetvern the fint anddprming adirstighte clacirade ip the region outside the

) _ i _ et . I .

RIS PR k0 O kSRR B b e
gite tlgetrodetcovers pmessidenef thofind ang the $pacsis logated attheoppazite side of the

[ tsi,de t trenches, c i Si he.
b AR il % eSraad GGt Rl Rt B P ingpe spac, ater
whifeh 2 r?paifncltcoﬁdwiﬁé jri]lskﬁalgﬁfcﬁx_neﬂ lﬁﬁ Hﬁ@ﬁb‘go@hiﬁﬂﬁtidﬁfl@eﬂ tHéreby
of .the fins anq t space is |l ocated at t opposite .
oo Ao 7o, A A R fhe, sd*tge@ﬁﬁch is pQverige agside of
the Fink BRd B REHAE gfit efed®icqf cdVafing HRophBsiteRRie DR AeSinsdhiRby
10 whi ch a second conductive material is forned on

enahling epsh ddo basentelledhy Meryseparatergstetiyctrofies: By pgtteming the gate
elicﬁfoﬁ@ dn@adcn féoﬁfc% 208 Brairf Yeglol San'%?ﬁrﬂ:%nﬁ%ﬂ ?Ifl%lééage;%@f Egcreatcd with

ectrode | S COVEring one-side o

- tvaegatndegmiles, shiphtoan e biasedsepaielygpntlvehicippays be madd afe different

the fins, thereb enahling,each finto b ontroll ed )
miBRek TR s o S e SO g s fes oy ich et o e stpansiery, pives
angie degiee of fresliemain dometdlinpoths obridueti ARt hafadicisticd @F 8RR Fin compared
ate FET is created with 15 two

an asynmmetric dual -gate F .
fo(j‘g% weot ene paieelsctrage: whick simulfangously santeqlyboth gidps ofdhe) fin. Three
iyl fveliBYay 1R fORAG Rihid FAT é&ﬁ&gghg ﬂﬁ]ﬁ@ﬁ@{vh%n-rﬁgl? gétg gﬁ:t:trodes

wo i ndepéndant gate electro whi ch may be
arg bigsadaueh that ¢ fieds ingeplesion mode dulfof tife mpdnymreuirent, when one gate
L na.- oRdUCE] VI r ri st h
IR Ul 5 ORI o8 LB el pge oo
gasd eleditodercetithe yotaldit indhwerdiad mode. ddds isbspietielly benefidial dogic

digital .l evels .be forned i, his FEJ, c [ising .
circyfh, GG e, R O el anes i TS ensiptary (AR rGagtientional
cirgtigd) that the fin is in depletion node, half of the

maxi mum current, when one gate electrode sets one

si de of {mafurthgr ¢rabadiment sicontasiziea todhrisecond seipcleatiode may be

cr&idd Githe s or d%i.? rqlg%lﬁlé %ngkig)%tég%gp? ngE) igﬁ@ﬁi&nolﬁ?éri ﬁlilig method

In inversion no cla
ofcogfadtingdhe sudpndsgateeieditode gn tiesosmeand dgircregiond isdesandtcal than

colfabihg ¥ Blsobd G2 BRI 1 Rk R BB R LS Attt

fosetlerdniged e el ectrode may be created on the source or
drain regions before formng the first insulation
| ayer. This method :

These and other aspects of the method of the invention will be further

elucidated and described with reference to the drawings, in which:
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of contacting the second gate el ectrode on the source
and drain regions is less critical than contacting
the second gate el ectrode in between the fins, because
WP 2006/p 88641 s avail able to formthe contact. ICTNRZWS050238
and ot her aspects of the nethod of the invention wll
be further elucidated and described with reference to
t he dr awifigs 1-4 are diigimmanio c2@0-6¢@ivad6dews illustrating the sequence of
e&ﬁ 5@89@“%%92§§ aéwﬂ- ST -4 are diagrammatic
0Ss-Secti ona ustrating the sequence of
st eps i nvitig\veld alcﬁagi-mhatﬁxaﬁ)plv@waoﬁﬂmhl-m BEFET, Fig. 5

is a dia fic.top view of a dual-gate FET, Figs
6.8 are i OaATEAASEIANS Zoss pia] Wavesiustrating td forming of a

ph&mwﬁbf@&kmgahbgngorn1ng of a 5 plurality of trenches
and fins, 9-10 are diagrammatic cross-sectional

views il |lﬁg& galtol anydiagrammetinicrgs-gictiona) vies iikstreiirgthe forming of
ot BB inQia gﬁﬁgmgm%qF 11 is a diagrammatic top view
0

of "an e ) nt of the nethod of the invention,
i |1 ust r athigd lihe diagrarminragicadp winwad ynamboediveht afuked mgthbé of the

inggll';low ﬁﬂs&at?iﬁé %‘?egf%rr Iy 3? gn ?%%nge?ﬁ zﬂﬁ; gll;ag al %H‘SE!, {écon%acts to the

seEmghg&&SeI&ftmdlﬁmﬂﬂamﬂldsauﬁ:eahd!theld?a@wgﬁhﬁl i denti cal
conponent me referenc nuner al s

re denoted b &
in the Fi@ﬁ&ré@fesﬁe ,&?téimﬁy @}g.tsﬁ?lgplég‘alaldentlca components are

déoRADyIRCdahRNBferent EMaBSAN i heFigikiSt rate 1 with a
protrusion 2, both conprising silicon, on which a

Si Ge layer 3, conprising a conpound of silicon and
germanium and a silicon |ayer 4 are forned using

epitaxial growh. In this enbodinent the protrusion 2

has a r ed’dadguummates la &puss-séntipnad tviesy slowanges substyath @ with a protrusion

I
2 BB R o 58I b oo o

gemmnmn;mi #dilindhyes 4 abeformél evidgdpikaial gtbwth. In this ?cmbodiment the
surtace

cular fromithe substrate 1 and a tQ
prpig 10%’2%@6@ skangetiEofher shapes HaY be PRl suchj a triangle or a
rod) %e SRERTh SRR R forS Gz'l!ib&ﬁﬂﬂb' ﬁo%smb%inﬁhses%%@aﬁmat

and the substrafe 1 | so conprise a

extgndjmaaiply mmpwh@ﬂ%rtfmm (@@yst@tﬂolsmdea top winfice shas gennedts the
suﬁe’vJahf %&'&ﬁ]’sgﬁ rﬁ%ﬂlfa Jc]?ﬁpﬁéﬁ\%% ?{%E nic c@é%& qr%w{ia%%ssgch as SiGe,

resu Fn con ayers
ant] hlzet subsllatfet ;uay alse tampnéecar Siliben-Onilnsudaidbrg FOI) suBsfads with a buried

st bty g Rl S s Sl TR i havea
thigksbsS thase Qa@,vraohmm FERY eftire 143eP BRRRE forinhify TR SICR 18er 3 on the

the protrusjon 2 for a_conformal epitaxial grow h.
protrusion 2, a sacrificial oxide may be formed on the protrusion 2 and subsequently

removed, to prepare the surface of the protrusion 2 for a conformal epitaxial growth,

A first portion of the SiGe layer 3 covers the protrusion 2 and a first portion of
the silicon layer 4 covers the first portion of the SiGe layer 3, a second portion of the SiGe
layer 3 covers the substrate 1 and a second portion of the silicon layer 3 covers the second
portion of the SiGe layer 3. As is illustrated in Fig. 2, these second portions may be removed
with an etch-back process thereby leaving only a first portion of the SiGe layer 3 and a first
portion of the silicon layer 4 on the protrusion 2. These second portions may alternatively be
removéd ina lé,ter stage of the fabrication of the dévice. Thereafter a silicon dioxide layer 16

is deposited after which Chemical Mechanical Polishing (CMP) is used to remove the silicon
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A first portion of the SiGe |layer 3 covers the

protrusion 2 and a first portion of the silicon |ayer

4 covers the first portion of the SiGe |ayer 3, a
JEEHNRECIEt i on of the SiGe |ayer 3 covers thd@CT/IB2006/650238
substrate 1 and a second portign of the silicon |ayer

3 covers the second 30 portion of the Si Ge |ayer 3. As
djoxide|l9yigz 16, dhcesili¢on 1gyeg 4 and thetfiiGe layerd Areby creatingsa playarisarface and

- r [
oKRFE T ol irfu br B TRo S PIRIAN o U SBLHERY Hipack
tqobmigries nnayfaISOH:G wsed tocemotathe BiIidomlaytﬂﬂearmnM Bilki layer 3 .10 expose the
tOTh(leﬁsfe se@? gl&r!tl ns may alternatively be renoved in
B FHPE O YRR e fabrication of the device.
Ther eaf t dh casesinl SOIGObAfat ik dexd (ByiEhowR in the dERE ttﬂ@isubsume 1

c af t e! Préf g’g{llggggég grgygralg}que& g?i QM%@%'@%%@ layer and a silicon layer

aJRQEé Gy !
L EODRL oo B 810 st

S%Wlﬂa eritaxis srogstptsiserdtotivan the$iGe layeicansk the piticon layer 4 on the
pREALEYS! G0 ﬁag@ﬁﬁ’ pfld 8dn 1BFer 'afe i Rl 68 i hurfeh SllicBR G xide

techni ques ed to renove t
layeryherauge afiitic ukaeof‘ﬁele‘etwempﬁamﬁ growthxpose the top

f f .t
subst 1 at &8 10BES rffch afeh i erBRRrL P o tivaty emoves the
SiGelisger _atvﬁﬂﬂrespééﬂ‘tb thesy@6trdsidi ¥ndSthé bitiooh lapatel tHéﬂéb? rf@;&ubgtrenches
g?égu%% silicon dioxide | ayer and a silico
5 ghiig qhj copprisegibiconydhe width atthe &as 6 & dofived by theefabncatlon
mBibé %eéid thé smccqi BydrdSs khiRE, in ik 8fse W e%e%aig} S aéﬁ this width

epitaxial growh is used to formthe Si

is spstagtinliyoesmal tgyks thitkoess ofithe silicon ayei 4 The aplie@dabripption @ethod is

S ‘
30 81 508 0 ol OBl B S, ronce e wi
ofghd fe 6 iisvalsceqepodudibly sgmﬂmtthan msnansmetek uﬁhe]at@doﬂbe dehigved with
3..an etch forrred t selectiv r.enpv t.h
the e pdpechod it i, In s cboSinent P brimemnaand dhlaver 4
arstﬂad@@nhé ity siconth@édyantl G Tapd 3tik BRAAHEESIGRe ﬁﬁ@lsﬁlaﬂs
whi ch_conprise silicon. The width of the fins i S

cog’@fnaﬁe’a OBW%WC&B@%%%?MW% bejusgre Flegse matezialsi shoréé e such
th&t%)’ Rhst4 sbiecthR erl@]%% dffthd Egt R ﬁ@@ecﬂﬂ ﬁ?ﬁfo@lumﬁﬁ 9Whil the layer 4 is

and this wdth 157 s su equa
feasitile It dkis point thi ding bland the pretyusionf maihbe propideé with dopant atoms by

oo B3R i A R o b
thérdrylcTeﬁidgelae/ﬁdiaht lewdls tﬂhhe fihd6 @ ge; aﬂhﬁﬁoprﬁgé &edmﬁl ﬂéi’fy&nnance
er an na ter | C cannot e.acnl eve
PETFoTS, ﬁﬁ eF%‘EPﬁg E‘&‘tar“g %@Pﬁ § may, ge Jpplgpted with a 4‘\’??%‘% adjust
th@nQRAbARRY chhiBctbristics MichAat %w&li}ﬂ 6 126 HeR¥Rfardt cildRctiidfath by

of the sane silicon material, and the'layer 3 is made

regseing;thsinflpence of swfase paresitietmasigions an e dgviee performance.
d
sem condyg ﬁﬁﬂﬁgﬁkﬁﬁh & agts 4R e?;%asb‘cgﬁﬁgac%qﬁé Bxi 17 :%é}%@ forming a

shoul d be suc | east ctive
Sllmhmdioagde laygr i wiich Smptors a5 @ g’aiemxpieo’l‘hmﬁena polgsiticarhiayer 7 is

de%o‘;j%% unﬁhg ﬁlhfoxh@?gx.ﬁfg Fl‘greg\%qtﬁ OI Ot L0 qél@a&%ﬁg '@?pdsiﬁcgg dioxide

layer 9 may also comprise another insulating layer such as a high-k dielectric layer, and the

polysilicon layer 7 may also comprise another conductive material, such as a metal or another

material that can be used as a gate material. A rounded top portion of the protrusion 2 avoids
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usi ng vapor-phase doping or plasma i mrersi on dopi ng,

or any other dopant technique, thereby setting the

dopant levels of the fins 6 to get an appropriate

MY r8e0eHf or mance. 25 Furthernore, all expos@dTHBM06/050238
and bottom surfaces may be inphkanted with a dopant to
adjust their conductivity characteristics such that
therpeelFknown@ogpee-shdrpening effacy; whinhdan vausg apeducediptegrity or a
{egg&% lﬁgn %Ldéq%%gzof surface parasitic

Fansistors on evice performance. As is

illustr at!edual{gaﬁl KET devideheaycbepnatd Bugattemds: the polysﬂlcon layer 7

o ek A S eBlof 8 ey TRt efertions o th fins 6 that
aid Gloy/ Soveted B tilef’ph%méd pslg&ﬁc&ﬁap&m acks Afusiried §i FigC9)Rwhich is a

di oxi de layer 9, thereby formng a gate el ectrode. The
scippptiGiep d’ileaw%rhls embpgiment. Ty seyrecandalipip regionsmay plsp comprise

11§1R§H1\d?€d 8% &H%ﬁm@ Hekbn@ S oﬁing O &ff IdshBtihd¥ eﬁal between

olysilicon |aye AR conpri se anot
the galg glectn mtthfrmrcea@ddmna@gmnnet al or anot her

material {ngl grgﬁocgﬁm c{%gug es gﬁ)&%ﬂ%%rdugf %etéafl%l‘ with a

rounded top portron o pro FuUsto avol
plEQl6/ FB6 add RekhbEMIMdr@SAR3Be eribbdimeinthdt-ikiywated in Fig. 1,

or.ner-.s ef f ect i ch can
it Bops f JIUsfetet TFie i G0 e SheoR e n S velel 3 a8 aretison layer 14
ardfehiRl u§iag ehefsbrhe %ﬂc@%tﬂ%&hnﬂﬁe@ tHaewee uld ﬂaﬂ‘drﬁﬁr@ 8 SiGe layer 2
t he poI yS| licon | a%gﬁay after which source and drain

ndpyer fho PR e, 4 A ead thesilispn Jayerside hé hae a figst portion
thhd J&%r@ d{r&ﬁfg or tndiebtl 7ynf1’1E gﬁﬁﬂﬁfoﬁ@ 42 asB& H?Bﬁ'@hriﬁﬂ govers directly or

pol ysil'icon |ayer 1S 1 Iustrate
mdirgctly th@uhs@@mla néaltﬁlmttveb nire Wi andhsilicon iy manlte foTthel.

source a [
doped dr aI‘XSl ﬁggﬂ séodﬁﬁlc eg regi oﬁ%ong lgy% Pt%ﬁ S1<%eg@¥?r§ 3’0%3 and the
silivonilayers 14 ngyheirenowdd wiet aeath-bickpr@etstheleBy leavidg oalydhe first

PR A e SI0R BYP S A e ARy 8 el PG prafgion 2gThese

sefindpattidny nfd aftbmstidibd FRDVAER ARG §t£g%r 6ﬁhé"fabﬁc4ti&ﬁ of the device.
enbodi nent that is illustrated in . wherei n, as
Alsgin this gzbediment selective epl@xmbﬁrowmamsqom%@@ﬁon #jtranSQ substrate may

be%ﬁ&[atolf@ﬁ’? e]S'§G@ ?e:% 33 é Ei?ix&:[ }ﬁg% 4af4901ﬁu£ Bgﬂ% &Hgtjn[%%n 2,

the same brlca I On I ques
Thersaftenapilidon dixle llamrdlﬁ 1s2demsntbd1dné CMP isased toayrente 4 plafdresurface

by RbGying i oTish aioRiE s AP her e ImAE B R B 3. 13 o

expdsethiesp ourfate af thepr@fRivAd mratpaﬁrbfttﬁba&e@ M§RFS3, dB r&rsb ther etch-
r 15 |nd|re%tely t he substrate 1. Alternativel

b feehnigngs @ay ibe Yoed tapapase thetop surfage gthe prafrysion Zand a part of the

SlGé 1a9§ftsr3a]§d in Fig. 7, the second portions of the SiGe
layérs 3, 13 and the silicon layers 4, 14 may be
removed Referingro Big: B. draeh ispedermedividshusjectively renovss the SiGe

Iafgfbl i3 (ﬁ{h resg%t té' %siplfgﬁ'us'it{ﬁq éld% Llﬁch%r y%s 4,1.%(% Meb&rqgnmng a

phsaity ;gtr;mhés SHasl iy, Ehéﬁafﬂ;talpc{ug] ;'al‘;lés)lEg';‘] Wilh\aqﬂurla]ity&)f channels may
be lfc?r}n%ﬁ bjc’rtc ango g.ndt ;;]a%telfn?nbgrell ga%eta élggtro c? ?on%leﬁg s%%rce and drain regions.
This FET has a high current drive while occupying a smaller area than the FET in the prior
art, because the pitch of the fins 6 is defined by epitaxial techniques and not by

photolithographic techniques.
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20 Al'so in this enbodi ment sel ective epitaxial growh

in conmbination wwth an SO substrate may be used to
formthe SiGe layers 3, 13 and the silicon |ayers 4,

WO 266/79%1 t he protrusion 2. Thereafter a si IPCTaB2006/050238
di oxi de layer 16 is deposited gnd CVWP is used to

create a planar surface by renoving the silicon

di oxi de |hgdnbri@tion hansisyinmetrichladual-gatd FET 4tagis ovithiibe embodiment

pd t.he urface,of the . .
Bl BB, g, WP B ey L% B 6t Spuon or e
exliolmi suefacdy, #5s ﬂhrskatécémffl’ig qu Msomythbﬁmuﬂe[ﬂlgt laye i< formed on
thtglr«]:&gs%g%i%gsg (S:l?(.‘ilo?fs s{{lg@gurég r l%tsal (i)gr_l} édlaege((j: E)Zeg'.iﬁp%f ggltuently a first
c@ﬂﬁ&ﬁkﬂ@é’r W c6ipaehESdIysfdon if &PBYIRA onliBe sHilsh dib:B¥Eh$er 19. The

, 13 with respect to the protrusion 2 and the silicon
ﬁxsa%ﬂgcm’e layer 11 msy alsg cowpriseragother ¢anduetingmaterial,suelhesmetal or
r
RSE Sl P ol DRSS ol e PR il clnductive layer 17
repwe(bfrnmnge wpgutfecealf gt fing dewitinah ¢ich-hadkgressy therehycreating a first
[ o) urreent, dri .

re%{%ﬂlog tl{g:?%%t c%gducn Qia 1F erﬁigr?l % E}{?q%m?lﬁ c8 Sr_afé‘il a. 5ﬁcc}nﬁ Segion of the
figst ¢donductive ﬂayebnazhbh id ime:h@retgiohs oiitsidB ehefttanshes 5| whelefnl theflrst and

th?é@ﬁﬁ%taxi al eg@b%%ges andptil)'/irs hotol | %Q:Og'rqutwgnguctive

laﬁr@hﬂlc@ﬁbhﬂiﬁ aGhetANa BEYEIABAIE infadit mﬁr ak uﬂ-ﬁtts r&ﬂe&ﬁ@ﬁ&%ﬁl from the
with the embodi nent \NhIChISIl ustrated in Fig. 3. A
topsprfacg of tedketsionyer 19 is formed by ther mal
oxi datio e I t :
Tn B, greizpldes iEHRRBAL Bltfie A00E il ilide eHEE € applied

withan efesingtha seltas prithicesers amgnordsetwedm th@?nmﬁ b vel eheoprotusion 2.
a, first

i.gh- lC.l S bs yent

S&s&@eﬁ%y?t'\l}g pfogl’)l/lélron %,7%§ & r‘rﬁ?n @9 pagf:g/ LQ/ ‘Thlatc%ﬁe]i's §he surface of the
traels S dnddheofirst fegiodiolf thédiistdﬂoﬁducﬁee lag¥er7 ak@ renddved tHekdb§tforming a
spwﬁ}yo d ﬁg%elpv ¥ é%%/ éngd;;ﬁrrsm aélgg:rogs 3 Cg r'lé}%ellg.? nI%taa!:\&Sr jsawsed to prevent that
théBeid Rlioh r&)ﬂhﬁﬁﬁ@t dRRANEHICE 196 7 19 frfoviR! ﬁéﬂe@ﬂr enabling the forming of

Thereaffer the first conducCtive | ayer is renoved
the ﬁ@hg%tﬁ ele@'tqsie%r Thig bardfmask elamhqmsle\mfslhc@hmmd@wr By ather
mzRE gﬁ%ﬁ:@%gﬁﬁ@@%ﬁ g?]rﬁiut:ﬁéeslg)(eﬁ rﬁgér 1%%10 fo&:d. tlib?tt £ Lif 1§$n dioxide
lasee é% mcfonmgi cmmthebxpdseﬂ dnfate ofsthe Gon6lircthe smcb,agndrsuﬁs%quenﬂy a

| Qns ou de the t ches .

self i R sblay ot 28 coeng R RIETH o st 15 Aeigiedan op ilicon
disx@dedbigdr 29 ehdrébyefornifg alsécodi paRRIREOERM 7. I thid@nBddiBdnt the second

conductive layer 17 comprises a netal, a |lithographic

gafeeelactrads 2 Feomprises silicongliexide andepolistlicon pF mstal.med thedjst gate
el&HB&%oﬂfpﬂs&%ﬂ%&@i&?&é’ﬁﬂ? olysiiebE Holwel 8 0 b%er OOII']IPI%HHOHS of

[ustrated I n ICOﬂ nitri
méterialgypey exiapplisd wuth theenasto gtém thgt gatvmlecap@ms formad.tAlyo the

L B AT e B (1

rusi on otrusion 2,
si | i con Higpki Be diayanmiid tob&ievﬁ@ﬁmanﬁoﬁﬁnéﬂﬂ irf whieh @He second gate

eletcgc?de 27 is contacted on source and drain regions 10 and 20. After the step of removing
the first conductive layer 17 from the top surface of the fins 6, the hard mask 8 is applied
which, in this embodiment, does not provide an opening that covers at least a part of the
region between the fins, but provides openings 91 and 92 on the source and drain regions 10
and 20. The protrusion 2, the first conductive layer 17 and the silicon dioxide layer 19 are
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trenches 5 and the first region of the first
conductive layer 17 are renoved thereby formng a
space between the fins 6 and a first gate el ectrode
WO 2096ie79%@r d mask 8 is used to prevent that (PA@/1B2006/050238
second region of the first conductive |layer 17 is
renoved, thereby enabling the form ng of 20 the first
regapved by epnlying etcBants Tiaiths: dpanidgn@kand Ry whercitetie etohing process is

r [ tC .
sty e Hpblalp e oo R Ry TR 8L 105 0 68k sy g s formed
on‘txlﬁl)etexpoﬁd bur€xen oflihe Xing 6, uslmg/the ophings 9|1 andre?l tdmlpp]brehe silicon

f the fi
4 iaa(ﬁ%%f foy RS caad e Ra T 6. Sakpeihessy Liprandcqguctve
laped p@i@ﬁg@;ﬁlg@ﬁbéﬁ isidepsbpB@6h HRGIIRBn HRRIGRIIAyef M via the openings
er

di oxi de | a t her eby formm% a_second gate
X

O bt g the spoond gals olenisei e At e oRingAd | 24 8%@’@ used to form

kR th %esngncr ’) Pnerléca%ae 59, 'm&%ﬂb@ nwﬁtonﬂé Yoabhd

or netal, and first gate 7 conprise
eledtrode @A Imymlmetémbepmey@ha finoihe h@.twseno theaﬁsbgm ¢legtrode 37

i BORRR hh1Ps BlnveIRLET BiGIneAB SRR b Noldled Macent o the

finshi ckness of the insulating |ayers 19 and 29 may be
differen Fi 11 i.s adla nmat i 0 i.,ew, of an
cnbodi o SwR; e iR idatkaeyRetog 6P pbutting an Syemely
shiof-16/)Th 364198te TETS Q4HE @o@@ﬁcﬁﬁ?ﬁeﬁhé&ﬂh@t@ﬁm&&sﬁﬁgj teaﬁmques with
After the step of renovi the first conductive
eXFFfﬂP}Ycﬁmallr?@dﬁ%mO%}bﬂ%ﬁ@ it & Hr Hep w0t e e bofh seraforghan can
bd 6b Wi hd%ﬁtﬁﬁbr q &gt@tgh siol OR 3 sﬂl%ra‘%e a ﬁ:st layer

prOVI € an openi at CO ers at east a part
amd@gs\emndﬂezmrfonm, fiftersyhidhuthe mpcsmfamfa}mpmmomm eamted A

po ot Ok é@%rs?%%rcﬁse&}?c ivell ac'amnoxy uc | ve ﬁoqhe ro%gszo' @EQE%second layer,

rust on con
theneb crosting «0fin gtk d weneh. 11190 anethsld 1:29&5&11@&39:9%11 a plurality of fins and

el oh Ry e s 1 crgmed D Brurn 4 Wi Beciichn e geaies and

sofiek 8fd M I\égibﬁ FRheES Ifneih@d isehiaro f%h@itb #h €'x11'eme1 short-length
Thereafter, the silicon dioxide [ayer 29 is forne on

asymmeticriysbente RET a6t tp getveelactradesghatigen h@gblmé seppsateliig s
91 and 9% ggulﬁ 'ﬁ? m)%dE f tht% ﬁéb oﬂentg; Qéhgﬁodﬂé&% lll)ﬂ/l%%r%tg rather than

t he exposed surfaces o ubsequen
lingie the raiventiony aod ihatthbsd sﬂtylmd iR thecaotrmpilli twiably tp dbsign nkmpaltdrmtive

osited..on, the SI| dIOXI 9.via.the . .
enfhB B ans e ttGrdie Ao heiah il Taa Afided SamE i BE s, any
retzﬂencé\lﬁgﬁs pliRd bpEeen gﬁemesa@ shalihobbEcatseaed 48 1iniifg the claim. The
%gntacts to the second gate electrode 27.

{ epmppisinge (dpes nak excludefhs Presenen of efberglemepit @7 steps than those listed

in §|cﬁﬁﬁrﬁg:ew@ra ‘Y -Bg” ?1] a5l A eIORINRBE ﬂ&?@xéh'xcﬁ:sthe .ﬂ?aegence ofa

contacts to the first gate electrode 37 my b de
plusglityi gf suchetameants. onal fabricati on nmethod, and may be

| ocated adjacent to the 10 fins. In summary, the
. invention provides a nethod of fabricating an

extrenely short-length dual -gate FET, using

conventional sem conductor processing techniques, with
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extrenmely small and reproducible fins wwth a pitch and

a wdth that are both smaller than can be obtained

wi th photolithographic techl ques. On a protrusion on

a substrate, a first layer 15 and a second | ayer are
Cf}gﬁ\ggd, after which the top surface of the protrusion

L posed. A portion of the first layer is

selectively renoved relative to the protrusion and the

second |l ayer, thereby creating a fin and a trench.
1. Al so a nek hsthaddopfabgeatingch duml-geteREd, pbmpabing yheastefsiafs

and trenches. The dual - e, FET is, created. formn

" Gat e CIERETEAEN ol UL ULy T Beris) be & SubRac

drai n regb@fing B4irth8hfoRmaPla§ech iR BaeRAIRSh te protrusion,

fabricate an extrenely shori-length 20 asymetric _

dual - gat domETg wiseeonthwenfpamel leyectinsgemnd seaicandnctopmaterial on

i ly. It should be noted that the

mé;%%gg&n@ﬁaﬁgaﬁég enbodi ments illustrate rather than

l'imt theehoviegthefivst @ntoraldtayehasieths kédohg dohfPrhigapdifrom a

w Il be able to design nmany alternative enbodi nents
topur e of e PERLUSHEL f r om t he scope of the appended

clainms. | ' r i

bet voon fareneloetioe Pt SRR R Rliifihed oot
relative toltla first dikth2 Seavnd derhonudten marerialocs fouph a exxathubl@ween the

t he. presence of ot her enents or sieps than those .
Pqu’f”é{oa&nﬁit seeppdyponto E%F,@nﬁ ginpdieging the wench 4ng copprising
theReBHRNonfiaR1 D9Er €ifich WK bR IR KD bdnk

ofe sucr?nel eme{]h?s. 10 CL/RI M5 1. A net ﬁ%%@?g?&éjﬁ&{ edrformal
laykmbri cating a dual -gate FET, conprising the steps of:

form ng r.otrusi on.of a first sem conduct or terjal

on & subderPbR e Megatoh s o e ckBgioH GPHRFES OhyH Tech gad the
finfddgst material on the protrusion, formng a second

conformal | ayer of a second sem conductor material on

5 the fi fgmigpaiayenefa condeetive mastilmn thaénstlation layer, thereby

(I and the second conformal |ayer froma

f"@’%’?%&?&%"éﬁ%‘?&t he protrusion, selectively renoving

the first conformal |ayer to a predeternined depth

relative _to the first and the second sem conduct or

2 mat er i al $7¢ Pthodranclaimed Hrelatse dWERoR gEPrismE he siens b
d th RS e
an e ﬁﬁ-ﬁﬂﬁc an%m‘i@e@i Qﬁé'@lhld-ﬁg@fsmﬁﬂﬁe @%ﬁahﬁséﬁgrg?d){g{é ggtrhe first

the tren conpri si ng e second
matgniatind slayepith¢ saonid samichsdustdysnateia afigr fohaig afshe second

Cong.onfg mal layer, forming an insulation [ayer on the

SeéGurfaces of the trench and the fin, and 15
form ng el s@pedf r@hoRng MOEGE ool 8lyeRhnPihesB&nd conformal
i nsul ation | ayer, thereby
layer from the top surface of the protrusion further comprising the removal of the multi-
layer structure from the top surface of the protrusion, and
the step of selectively removing the first conformal layer further comprising
forming at least one trench between the layers of the second semiconductor material and at

least one fin adjoining the trench.

3. | The method as claimed in claim 1 or 2, wherein the forming of the first

conformal layer and the second conformal layer is realized by epitaxial growth. |

4. The method as claimed in claim 1 or 2, further comprising the step of:
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formng a gate electrode. 2. The nethod as clained in
claim1, further conprising the steps of: formng at
| east one multi-layer structure conprising a |ayer of
the first 20 material and a | ayer of the second

sen1conductor erial after form of the seco
conf or malP P‘leéﬂg opg tOOtEIG Eﬁﬁ%‘?ﬂﬁ spegndsemd o28%ctor materials
aftePbQEIBYivd MRV alaiTdhd iRt SAGeRAH conformal |ayer from

the top surface of the protrusion further conprising
t he renoval of the multi- |ayer structure fromthe top

surface otruS| n nd .25 4 he .ste
5 el oot vely PEREL R R 153 2 BFniet Snlsing fectiemof
conpri si ?gowﬂmgmmm af ihglagfed aR@erial @NHR LBRbMARAtHES the trench
| ayers of the second sem conductor material and at
ang é’f&'stppéwéaqﬁqf thegprefrasipg agdhdietfilench. 3. The method as
claimed in claim1 or 2, wherein the form ng of the
first 30 conformal |ayer and the second conforna
6.1 ayer i s Theahéth@tadlaiaedtiaxiaih 1gir@Msheredn thehiesimritbidal comprises
ai ned |n claim1 or 2, further conprising the
Sl@?é‘EA e-seqopd s smwgﬁl%@r Mai5ERAk COMRSIFES flgc'ftlhe first and
the second sem conductor materials after the
sel ective renoval of the first material. 5. The nethod
7. as cl ai ndtheinmetddaasmldimed i@ clafrodtdres wherepr theiwidthtdfahe fin is
step,of : 5 providing a | ayer of inplanted material in
mn?ﬁ?HB%HI%HW§WF¥§§e of the trench and the top surface
of the protrusion and the fin. 6. The nmethod as
clainmed in claiml or 2, wherein the first nmateri al
conprises SiCGe and the second sem conductor nateri al
conprises silicon. 10 7. The nethod as clained in
claiml or 2, wherein the width of the finis smaller
than 10 nanoneters.



