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Met hod of fabricating a dual-gate FET The invention
relates to a nethod of fabricating a dual-gate FET. EP
wQa 20907988 di scl oses a nethod of fabricating aPCT/IB2006/050238
dual -gate CMOS FET wherein a gem conductor substrate
is provided with a plurality of pillars, which are
Methéd oefdbméating a@tuegdte BREI  phot ol i t hogr aphy and et chi ng.
A subtractive oxidation process reduces the w dth 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 obtained
wi th contenporary conventional photolithographic
techni ques. A gate structure is forned in the spaces
bet ween the channel segnents, which is
phot ol | (oG aRfbF el BAMARAPSE @Hedfing ASMal e FER! ©
the desired shape, and the source and drain areas are
formed, thereby creating a fullydepl eted and
fuIIy-inverted dual -gate CMOS FET with a plurality of
vertical |l y-extendi ng channel segnents and a gate

struct UEp V041413 dRdclidses & inéthld of F4Bricagih Xd@zﬂlg%&l EMIGBFET
segnents positioned between the channe &mants In a

whetaift f yergisphductar subsdratelis pyoviidederithed phigality gépilasymliohmre formed
st A B o SUABRN ATHER SRR SR BRetues e

widthrof dieasi11avs thveely aeagmgfdhaﬁml ségitdntse Rbhéchf 41 lﬁtétdl‘ll}eS@arated by
short channel effects. To achieve this effect, the

Spacg$ H\ah %me 2 Widths avigheis smalierethansthe pdihdhateas ha obtained ith

conttg n| ques. tﬁkﬁﬂl ﬁ%&ﬁl&ﬁ&’%& @HP% ¥e %h% tép%tﬁ%gﬁgg%ﬁned in the

spacas: beterears the lchannel §epoientsy w:hlodmsrbh(vtaliﬂlog\raphically patterned and etched to

ren onve onal | cations s s. the .
creale i, GERIRE APs FUPIC OF BEL IR PR KE e N b cgAing a ully
deplEtQﬁ and ?thf)@ﬁl%ff&i Aal- &k ICMIOS tFHT with WoYiiklitylof veRically-extending
ficult to reduce’the wdth of the channel segnent s
chatmnbsegments @ngd armtet stmtetumwtth olplurhlityrod yedisalty-biiented gaté segments
words, a snmaller width of the

wi dt h.
pOSIt‘ Fw%eé’g}]f]r%ﬁlf g]glelllltéd by adapting the subtractive

oxi dat i pia ﬁIlSrFHethéd anf B irfvetted 8&l-gdRICMOSFEDfthd Width of the
w dth, for_ exanple between different substrates.

chanpel segmeatsshed be suehathionfully deplstedireginn &t the ghannghsagaients can be

s a0 B e L Y i
effeétpibe indathi c¥thdeHahnel segrertesivitbe drhalles thewiicde bt oblated with

because of the large variation of the width of the

contemARTIEY PRateliipgraphif techuiqyes: £he method aceoringda the prigs art achieves
this EHER 85 la BRBIRMLA of HEd @ifiRre Elf T i i%g&{‘cﬁﬁs Wps: the
nanonmeters wth an acceptabl e reproduci Ity 08 I'ng
lithdgrephicadtep, et reactive tidroetchihg step apd tter subtractivioatdation step. However, it
. dls of, the. fabrication nethod of the i or
i cffiutig St Shecvvial O the Phanel ety BB0t e sesppimeieontrol the
repr&ﬁiéi‘tﬁfftyﬂff?ﬁs “H&ﬁaﬁﬁﬁhérrb?orﬁé ta“s‘ﬁla%r witeh 61'e '%ﬁénn%ﬁ&@%[éhfs
defined by photolithography only. Therefore,
obtamdlbb’ragaptmg'thc sabtraictivchoxddatiomestaph witheduse 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 fabrication 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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segnents, and hence reducing the device area, is
determ ned by the limtations of photolithographic
W ewhrgees, which is around 100 nanoneter at PEEIB20062050238
of filing of this applicationy It is an object of the
invention to provide a nethod of fabricating a
metldidaif twp@orl%ﬁTAn\bﬂieﬁ tishdafimpe bf the Fabrication ﬁ@t}ﬁ&tdfﬁﬂﬁir)br art is that
reproduci bl e channe] segnents or fins w

it is 611’5 @Ht toraducetheit M FER dsvics atepebesasse)ths Pitghaf thfa?hageel segments
is de?%&%@hg %ﬁoﬁMﬁh’BFﬁE% 8{111'9} E:f%PJJ 's&alﬁlgﬁlg&%%é? cH &GRS S‘ﬁda[ﬁﬂ

I nvent Ject I's i eved y provi
segnmats) anld herrce freducingathe deviee arkd, imdeteinsinerbbly the lmhigationd of

T de ndent . cl ai defi ne ant ageous nbodl ts .
phog RhoREB R eI WS I LD PBRTIEE g R G BLnG of this
appldafloV h a wdth that is defined by the fabrication

net hod that forns a second |ayer, which nethod all ows

formng a very thin conformal |ayer, for exanple

several atomic layers, with a uniformthickness in a

reproduci bl e way without applying photolithographic

t echni quEsan dbjectioTitid inaéritidR 18BEdVRIE Dinethde oP fdbPicatdipla dual-gate
forms channel segnents or fins_that depe

FEprbtc«lﬂ is eapghlepd Horaniag gatpemely swesll, mn@dwglesbm@ peggneats or fins

I .
w588 i O1RE88 JERRIET ok AR B RS phonposmptic
techaixjiése MRbyrdingeb |the ine@itioay thidotgectiskichievtd by prdviding tnethod for

i nvention enables tqQ achieve a fully dep|eted. and

fabricatinga Fhi @ clégmedtiem beigdepgndsnt %ﬁmdeﬁn%(ﬂ\@ntageous

b6 e|n f - ﬁﬁtlon provides a trench with a width
em éﬁﬁ )éo gﬂﬁ%ned by the fabrication nmethod that

forms aThls rfsbndaagmmethmﬁlpmdmdastdﬁﬁldwahwﬂth thatsis ﬂeﬁmn'drtgy the

fubrgai ety Bl Forgermesond sy wh eh R LA lopy gpahing a very thin

confbﬁﬁélqgfé? | 1B} Exaffple sebBfal 5%9@ fay@fs VitRRGRAESrh ‘ﬂn&lﬂfésspﬁl' or
art have a larger width and & worse uniformty and

reprodysibdel W@}r’] mnhptl‘yappbegapbléohthegllaplen Mmng.:se The fT]hmdtkl)(bjymethod of
the If)r}%tfag[ ;gt o eri#%q?{ltigr ﬁl}ﬁe% (ﬁeﬁgﬁg ﬁl&;@lﬂaot ﬁlilﬁ g?pdﬂhgities

theréﬂyadchié&ihgtaﬂatgféf HidiR,h WoisE up Y naRMHda Worse reproducibility than the
phot ol i t hogr aph Anot her advant age of the invention

meth%i affile mvepions Eé@: extreangly soplltrpprodvable avidthpfithasfin phthe invention

a0 R o USRI A0 sy

The tir[\&eﬁﬁdm pﬂmmdeh e trehel Withh wilith thatris dMétnhinédby the\felridation arthod

S e |o 0 he trench and fin often nore can
that figh Wﬁﬁfaénqﬂm ¥ allepy AERINg @pteRy rcqnfapmal layer, for
ewa@g?ﬁ%a%ﬁ?cﬁn R RS ORI . T pces
trenchgs irethi ghriov art bhve hlargeF Width adé Bewrkmmﬂfdmjnity and ngpseducibility,

th t.h d ht f t,
becai HE5AENSAE Jo1EA BY SRo BREDRELy S Bt ikt isnelpeisby
incrébsihig@he ®itith 8PtheHFen¥ifes béfbrldediidBsions that can be obtalned with

contemporary photolithography.

Another advantage of the invention is the high aspect ratio of the trench and
the fin, meaning that the depth of the trench and the height of the fin can be much larger than
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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device area is smaller than can be achieved with the
prior art. Another enbodi nent of the nethod of

wo 26i07%64 ng a FET according to the inventi on RPORB20&#50238
form ng at |east one nulti-lager structure conprising
a layer of the first material and a |ayer of the

drive 6£1he FETEiRdetinined by, aidrsi @hersfthehuhbémofiins @ﬁd tﬂ'éﬂlelght of the
second | ayer. Thereafter_the step of remving

fins fThegqforﬁﬁbe foentionpRsawidesg BE T+ which éFhléYﬁﬁi‘rhlg]é%mf% drive, while the
devib&RRY | sn?auﬁ} ﬁl?n%ylll bé adi%RA vﬁpadt ﬂﬁmséﬁp of selectively
renovi ng t rst materi al er conprlses fornlng
at | eas Anbther ¢mbodiinest dfehe/\&mthodlmé fdbaigetitg ®FET laecdingtalthe

sem conduct materl al and | east two fins.adjoini
inveifj SOTERTLNE CrmRA B hPRGR HE SHPRTS FoRsingih 2y of the first
matérP &fd @ngelt dane Qéoﬁdl SahicHRdR1d? nHiéid] biterOborthindSf the second layer.
separated by trenches. The pitch of the fins'is
Thengeftérrtbelstey of remdviriy the first end thetseoend: layer fahersomprises the removal

re cib conf or a S th i.fqorm ckness .
of g TR RCA SR Ao e Rtn yrele R T it A o Ry Rpries
fornfihg & lea ey B@n&@@@&%b@m NayekeoiBe dtond séiidofductdtenaterial and at
fins_ in the invention nmay be smaller than can be

leasigptodinseadioining thefgenchesr iThe forming el the sudi-laygecasrbegepeptad, thereby
I
creaﬁ@e% %Elﬁ@}t? ﬁg PE lﬂa*a?ed' dt?%n%héﬁ: E'Pg F)lt%]ﬂ%f tﬁg ﬁﬁyfgs defined by the

fabricedmingthed thabésraseprotucilple R:Giﬂfoﬁflaltlh@ri with admﬁibﬁﬁitllﬁel&less and is
the total FET device area, the advantage of th

determiped by dis sum ofihe thicknesy ofthe firstangte é@cogfié%ye&&#nsé the pitch of

the ﬂ&"sflh ?Jﬁeeﬂvgﬂtfoﬁ GhE1eE HBG (ohh 62 hbtaﬁlre% %ﬁiﬁﬁ& br19£t1Jnh1ﬁEthod of
er current rive can be achi eve

the p?Eﬂ’ a.dewhmh ngethad regulfsun tafpitch efithedhanmed se:gmqnts tha!ss ﬂhﬁaned by

p of i di n ant ato I rst dt .
phoSlietsobrioimige aist g s i off B fms b dbs tpial FET device
area) ﬁ@‘d&@a{n‘a’%@ off tI?i?e ihib&riton 'Hifhﬁf 4 §hall ¥ BT QARG Qﬁ%'%hleved with
atoms inthe fin before formng the insulation layer,
the saine edestritat pérformaned; ar that @ highet ayrent ditivescanibe achigvedfor the same
anged appropri ately. A further enbodi nent conprises
FETCcE? g
16 of providing a layer of inplanted material in

t he bot hofitther dnitsodlirBént cbptisRNBAsIBREf prdvidivd: ddpant atoms to the
surface of the fin and the protrusion. This inplanted

first ang the Sﬁggpdb;@mgg@éuqtgr matetigh afien ghegsglegtive femoavpl of the first material.
By p?gﬂﬁ@%td%Pélﬁt 'to‘fr? iBfthé Hﬁ b?ﬁ)‘i‘é R)?}g%tilg ?I%uﬁtlgfl ﬁirg;, ?ll?é;(?%)lﬁductmty

surrace o Ion an

chartidteristioy ofﬂﬂlﬁii mgy béiehangéd amqmamélysurface parasitic
transi st o%é on the device performanc:ﬁ and | eavi ng anl

the duafiygherenbodimentcAmpHseshe jicr Shere paetpf im imptanted
t I
o S 0 BT RS T
prothisgme This epplaated layeancy \beiuséd lmm}ljust)ﬁp rcosductivity ehzarantensncs of the
bottqrpfsﬁ{faqaeké’aﬁleﬁﬁélgh alnggt,lge]rtgg§0f L rPE feloé}%{rﬁggn :Eu{de t?lc n, fhereby

reducing the influence of surface parasitic transistors on the device performance and leaving

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



10

15

20

25

30

exposed surfaces of the fins and the protrusion, after
which a first conductive material is fornmed on the

wo poosH799n6ul ati on | ayer. Next, the first conduR€T/1B2006/050238
material and the first insul ayi onlayer are renoved to
expose the top surface of the protrusion, thereby

layet fireatmbgedatofekpsse thotopisarfacf oftthepiotrusibn,abfidbig thexting a first portion
mat erial which is in the trenches and a second, portijon

of ﬂ@fﬁfﬁtrff@nfhﬂqné’ﬁ AR @thilq}lels irnthe treasheiand g seeond rpoglqneqj ithfirst

condiielivd Hl@tehgﬁwflircﬁ 'i‘é:ﬁ ﬁ(ﬂv thé ﬁrelfldhkétwﬁ%%lfl] R rdASoriGn has no
connection Wt con portion. Xt, the

connectidn with ol secorad Iﬁornem Noextt tthe)prod:tfusibh,ethé ifirss poxtonaifiche fist

terial the _first_ins atJ r in the
cond e rateril B S UIaHER G5t o B PP R e e
creafifi®a §hde veRfteh B HiM%hnd fhinking ag'ﬁ'.&tega?é Q&dtfoad & ihe rEélSn outside the
regli on outside the trenches, conprising the second
trenghss tdoomprisingtthesdcond portion o theei first qvmtlieativaimatoxial ¢ thls pomt the first
the first.gat ect rode COVery

geteRPeloat e S s PR TATAAE st FBouthE St §fc of e
fins.t A'Sedohd $nsuldtisf Cayeflisi fomkddadn 1B ckposed surfack F HRUGMNn hSspace, after

exposed surface of the fins in the space, after which

which assecondicandueline miteripteis &armal onghis seaend inshilatinn dayew desieby
forngﬁ]%g% gg %a%\t%}/et%kodé 'Agrﬂﬁ ?%{){?ﬂ}g gtt fatesﬁg&& eg$ gnng one side of

the frgvadidithgscoord gatel eleon‘rodehe chverihg alimloﬂ;i@eltez sid®oflthg ding, thereby
el ectrode is covering the opposite side of_the flns
y

enabling cagh fin bg cangroled N%sqpar%eeg% Alersedes By patiegping the gate

L
elecﬁ?ect ; ogdﬂ% sui%g gﬁ{l} g&glg aﬁgﬁ rinféh r%%a{i‘ a@qi]ief is created with
two gstg rloetrodes, Whah cgmbe biaksd sepamteé;am&hwhnch Irnayvlm Igaadea)f a different

el rodes C be bi,ased separat el d whi ch .
matsia) ‘T WRE B iR A8t Geons ety e Bagad Epgately, gives
an ekit4 §RREIGtecdBinGn SbASSIIALAR coﬁﬂﬁc%%t?’%ﬂar@&el@dtﬁ§ 8fthe fin compared

separately, gives an extra degree of freedomin
to thcom phone gate eleeiradonehich |sumu1§ane¢mbmmeplsmlcsdesfoftth@ﬁn. Three

0 f one .ga t.rod whi.ch
digie] FP R TRIR Py b TP FE AP GRS afirdf oV R ouk g Rlectodes
are Wlhg@t sadh thee FiniSin dhﬁle@@ﬁ msdle] Walf b the Eﬁﬁm@rﬁ Rfrérfti WHen one gate
no current, when b gate el ectrodes are biased such
elecirody setstanerside afdhg fin insisVessionmodseand the maxgnumicarraeiy Wherboth
gate LGl ool S BBy B3 Fer ShEGIIR P B Sp0DBIShAIER Bl h1Ggic
circlits} énapiing thel saieriogle perd@rimanbe with tfaerf transistors thue irsécawentional
. nmode. This is especially beneficial in logic circuits,
c“méﬁabllng the same | ogic performance with fewer
transi Si@%@l\‘%}%@&ﬂb&lﬁﬁﬂﬁ’§éﬁﬂt&? Hea®d fh%téﬁéo?ld g ctrode may be
further ment a contact area to t cond gate
created @ntthostairceagr dnana‘egaeﬂnselmbfmn folmeing therforst iosulaticmi layer. This method

regi ons, bef or r the first i atiaon layer. ..
of cdpieingae a0 s HEUEde 5 thh o Ber A TR restans s fetie) than
conthétfhgIRYIEBn@ gﬁe dledirbdd BPeBienithe i Defdubd Mol arbdAMvailable to
contacting the second gate electr ode in between the

'%ﬂﬁﬂmgomb@cause nore area is available to formthe
cont act .

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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These and ot her aspects of the nmethod of the invention

will be further elucidated and described with
WO 2foen®a96e to the drawi ngs, in which: Figs. 1-4PGEF/EB2006/050238
di agrammatic cross-sectional w«iews illustrating the

sequence of steps involved in fabricating a dual-gate

FET F| Pigs 5l n&r@dldgxagm&mm(bs@ st@ionyl wewoillustratirgl the sdence of
ags. are_di agrammtl C cross-sectional views
steps mveblsdmfaﬁgcthg ¥ Grafrealg Fot =a plurality of trenches
and fin | [ ggs- sect i onal
views i §t1ér3§{hlaﬁrayawﬁfc% m ng gll %gtgyrmét rical
dual - gaF%sF(E}K areadldgfénmatﬂ:l:ro&s sectmnagwemrﬂtus‘aatmg]ahw feermiing of a

odi t of the nmethod of the invention,
Pl“rﬁ}tVSEfrF’g‘i‘qﬁe rE(E{i]r'ésforrri ng of an asymetrical dual -gate
FET wi t bygg °§1t1§‘5fe3d1£ Qatfifatie eFREdeGRhA \ﬁéﬁflﬁl@t@ﬁmfg%é'fﬁﬁmmg of
on the sdurce and the drain regions. The Figures are

an agponmeirigehduabgate ¥Ed, andh general , identical conponents

are dengted. by the sa referen nuner.al s in.the

Fi gur eslg ? Syal(tll r%ﬁtt%%wﬁw H@g)gfr?%ﬁgfﬂ\ﬂ Wmd of the
1nveﬁﬁ&y\ﬂllllﬂ;t1@t1§glﬂl‘étf6ﬁﬁ1ﬁg 5f ¥h hdynﬂnah@au sl @ite BETR@At contacts to the

conprising silicon, on which a SiGe |layer 3,
secoeéﬁpﬁeueéqCﬁgd@fmné@um W@uamdémﬂramegénsmm um and a

silicon f n r

thi s enShar s o ot RO 44ale": GLleF th ol lfbned Dare
dendbt&bﬁthebuhe@éfeﬁhcesiﬁaﬁﬁﬁlsﬁﬂyheﬂﬁgmssI bl e, such as a

triangle or a rectangle with a rounded top portion,

wherein the protrusion 2 conprises sidewalls that

extend nmainly perpendicular fromthe substrate 1 and a

top surface that connects the sidewalls. The

protr usF‘rg1 1 2llustrptea laoposs-agifongleview shévemg siesubstoatel U etithra protrusion

terial,, has . d, the substrate 1
2, bl o aing SErn S0 aTnn » SCoR VD> CoOP) o Bk BPRROU T Risgn and
gernbitidr Chnd| |§11?&H 18P 4SO RYE ﬁsmg Bitx34 g?(ﬁwtﬁ Dirf 86! Mbodiment the
gromh results i'n conformal |ayers, which have a
prottuslomanlmst mﬁamgula shaprey betonthershapes anayttieepassibler sich ay eitriangle or a
faorm

rectaglecvin b PO 0 i, Ve Beso oty OBl SR

exterd aiachly p&@@ﬁﬂi@ﬂaﬂ ffoth €RD3BEKratt @ AR ARG Surfdae tit Ebreets e
t he Ei"hOt rusion for a conformal epitaxial growth.
t

A
sidewpllss pmqtmswn@r may élsgp@ptl%aﬂ@pﬂ@r saieprducips material, such as SiGe,
0 b
QAR ey A o SR IR0 G BHF e
silicore diorilleayetr The @t of bpitalidbgrdvaieesulls dos@ifernid eayers, which have a
substrate 1 and a seé]gnd paortion of the siljicon |

thicknespthat s veryeconglaptfar theentitsaysr Beferedormingaf dhe @Geiquré on the
prod’ds r?g\slztéa%&ﬁ’hdlaﬂ oﬁidg et Fméd %&%w%@%ﬁecgﬂ ??ﬁiaw b on

an etc process 't
remxaveﬂ; togireppe thesnrfade dﬂthe ﬁlo&mba)’lefor éscmfdrnaal fepitadial 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
removed in a later stage of the fabrication of the device. Thereafter a silicon dioxide layer 16

is deposited after which Chemical Mechanical Polishing (CMP) is used to remove the silicon
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portion of the silicon layer 4 on the protrusion 2.

These second portions nmay alternatively be renoved in
w@2008029646t age of the fabrication of the devi CECT/IB2006/050238

Thereafter a silicon dioxide lgayer 16 is deposited

after which Chem cal Nbchanlcal Polishing (CWP) is
dioxitkelgydrd 6] theBilRoh es4 hhd heEiGH lder B &)e@ébylcﬁeatﬁlﬁa planar surface and

silicon layer 4 and the Si Ge |ayer 3 thereby creat

expging the ip %laﬁafeae%ha REPLRISION S and atH"f‘ét of dhe SiGrerlava 3o E@r%@ck
techﬁirgg%] AV A8 Be ﬁgégll t8r B\te MRk gfh{agn ?1 & by ﬁ& S?’Gf Fag&hS Rﬁ%ose the

ues may e use nnve t he si
topdmﬁaeeoﬂthambttdsmna Ge | ayer 3 to expose the top surface

(ot <nBugpsh AR SF st e (PRLTerRaD R dsao nepiy i wgrate |

comﬁn@é laMouBil élh@d}f‘la&él%%(fe&@ ¥§ aqBuri) ilichy BokfHe 1§3}'ér lah @Y silicon layer,
di oxi de layer and a silicon layér, and the silicon

and theysdicondayeb may @nmmedvetddo @Xpass ¢he lmmeldwnhceu dmmdeclayier after which
i OXi fte I h
selefltyelp P i @ el hefROEIat & BRI Buafl P 4 e

protfhsion % Bﬁ}@rayéﬂyaidoﬁhé’on 1853 dréu&t foRnééh thielbufiedsiliantdioxide
4 are not fornmed on the buried silicon dioxide |ayer

layeplecansecofdhe useeof gelective epitpxiat growthepi t axi al growth. As

|s 11T ustrahsoedidh fl g 3, ém%g:h% ég}fer%lee%{l%%lg@tﬁfeﬁe{]?eﬁnoves the

selectlvel renoves 't

SiGé¢ hagend with lﬂSSpedft 1@ tieofristors 2 hhd the silﬁ:}bﬁ Nayér 4} thesebypYorming trenches
formng trenches 5 and fins_ 6, which conprise silicon.

5 angims & whichspmprge silieen. Fhe widfhof H@oﬁw is efineddhy the fabsication
metHBRWRG WIS §iilort 1F§ er 1% lGaRd %ytﬁ{?.c%sé ah ét(ﬁtragﬁfjgro'\ﬂh,taﬁﬂ $his width
anhd this wdth is

case an epitaxi gr owt
is subslfasﬁaﬂ}ytaqaa]l ty thathikness of ﬂm silidonKayes 9. ‘Ghe spipdied ifdtircation method is

ableft%}zer a aggrg\glﬂaﬁg#rggchﬁbr I at I o z{ﬁ%{ &ﬁﬂ ébilalg(ﬁtlﬁapr; ?1ence the width
of tHeh’ﬁfB i'soalwﬁl%ﬁﬁ&ﬁ}y sﬂ?a‘ll@ﬁthaﬂ §0 Mrﬂet&f whith Jahﬁbtfi)e'aéhleved with

al so reproducibly”s l'er than 10 nanometer, which
the fabmigagion meﬂmﬂnféheplrlw arh In this émbodiment thepresuiiod 2omd theelayer 4

rior..art. ln.this enbodi rotrusi.an ;2. and the
are PAdeCl B e iced By SRR gk F iR AIRi0R BuedR o e
combitfén Sf dtherRfcodduSibiMatehibls nﬂiyg& u’@;e@ OFHek@aicaiflls@hould be such
ot her sem conductor materials may be used. These

that gileest iae§P1§Ct$Wcﬁ§¢h!n$)@f the dayer B aithgespesttottheprotnsen 2@ad the layer 4 is

feas%ﬁec R& [ﬂ?ﬂ gf) ng e %Ieaéldﬁ}é%],loﬁ’flglgﬁ' %“?ﬁe{yhl;e sprl)t}lﬂecf {‘N?[h rddfséﬁ% toms by
using vaput-pghase @uphig orsplasmaliniagtsios doping] @keadlywﬂtdﬂ ddpam méchnique,
g S SRR ¢ 35 SRy BB
Furtgélﬁlog@ Qﬂ'& ol ?ér)iagﬂf %{Pﬁhgdrﬁéesﬁmay%g ﬁﬁeg(lélﬂeé‘gﬁ’ﬁl dgaﬁcﬁo adjust

evi cé per or na ernore pose
theihantiostivityrcharaetsristiog sheh thattha fine @ avé thia pamdwjo emtdutinng path by

adj yst. their conductivit char cterjstjcs such that

redufg 1 nEiognc STt sl SRR o 15 SR PEYOTRARE ng
the i nf h\enumseitedin fig oL tﬁ@é}@fé’séd Surfab &g §ilﬁfz§d Ocﬁerﬁbfformmg a
devi ce performance. As is illustrated in Fig.

silicen diozisle layer Dawbish dunctions a  gate oxider Blipyeafior npnlgsmcon layer 71s
deposited on the silicon dioxide layer 9, thereby forming a gate electrode. The silicon 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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silicon dioxide |layer 9, which functions as a gate
oxi de. Thereafter a polysilicon layer 7 is deposited
wo@eobla®9si | i con di oxi de | ayer 9, thereby form PQI/EB29@&50238
el ectrode. The silicon dioxidg |ayer 9 may al so
conpri se another insulating |ayer, such as a high-k
the \délBkﬁ(ﬁWﬁ térnéB3tarpeniiaicbt; whidhyinlchgsern ledyed irftegfity orlaso
npri se_anot her conductive material, such as a netal
bfealﬁiové‘h@f fisongipxde layex hat can be used as a gate

mat eri al
avoi dst edu\%/le- Q?[H Eﬁg\?\%&g% rngag;rl;és‘%gartgéelr)ﬁ9 E%tegl? ? g (rt:}%ésl5 O\?\%ﬂ?ﬁgn layer 7
aftercwhick ammee md drdinregionsiare ointed byrimpldntachd\portiwhs of the fins 6 that
S|I|con de layer 2. A dual: ate F [
are i GOyl By S e Ry SHEOT B B EORUTRIRIN Fig Bfich s a
sche‘ﬁﬁ'tlﬁ Qopsﬁ%v%? 188 dmBb@intent. Gk DA bl ST REioR¥nay also comprise
i mpl antation of portions of the fins 6 that are not

llgh‘rdso d@eddirmy anéh eoyyee tegmme,doyp’bhymgl spacsrs ofeapansulgtingsmatgrial between
St.r ted which.is a schematic top view

the ﬁﬁe %Jlﬁ?tg gg?erﬁgﬂf% S e and dr ai n regi on may

al so C omuh%ﬁerhb@daﬁlleﬁt R Redhd foknAng of » Hh4lSatcSH D Wth a
y form ng spacers of an insulating material between

pluralﬁﬁ ofy fingand @mcheﬁ@dem*fw@ theembedapant &maisnllwémt@rm Fig. 1,
whe%nlglag % ]tllﬁbl 12 fﬁﬁﬂ% & %H%ér %ﬁ&){n 1@2&;{1‘&% %'ig}%ga t1r§ é‘ﬁ%ﬁ silicon layer 14

are féﬁﬂedsﬁsﬁllig Ble\smhb fdﬂmw@@l’bmdhrﬁ@ms thch aderé ﬁsedlﬂ)n,l&hhﬁig&ﬁe SiGe layer 2
wherein, as is illustrated in Fig

1,
and Qxemlz,ceﬁ lqygyéfﬂzs G leyers 3ylSrandshesitcop 1§wrﬁ 60114 hw@rﬁrmportwn
i G4l S 0 Rk SRR b kg By B bty o

inditeethethedubsitate Bi Mesrhaiyvelysmere SiGe andi silihen kiyeris ey Healioanezd

4, 14 have f| r on that. cover

i r ectrys D bibose BGoRnG St B Al and the
sﬂlcSﬁ’ WSES 494 aGlné r@tho{/é?fj\krftﬁﬁﬁ bi¢hibask prdReds tRdrEbylleaving only the first

ternaflvely nore Si Ge and silicon |ayers ray be
portions atdhe Sige layets|3, U3 andithecsilioon Faygrs 4, 14tdnethe progmigion 2. These
ons_of i | ayers ;3 and t sili.con .

secof phir@HS iy g AT be GGl e eler beiol oSl G st he device
Alsd inahie Ryhboginyinh gel@itvy ebitgxidligrGwthii R:bm@ﬁﬁtl@ﬁ with@n S Esubstrate may
beul a%ers 3, 13 and the silicon |ayers 4, 14 on the

Horsn the SGe Tayerses3, 48 @pe thagvligandaverniy 40niy pn the Rretrysion 2.
The%gﬂérean&‘f%% dlgxlae 1a%gref6 I%tdggﬁ?srlrtgzrll ?})@g}\}lﬁ?w\?g@{e&pﬁq 9 L faﬁgr surface
by r¢ihenvihg themltmn‘m]nmade byer\/\llﬂ; lfhealithﬁ]la)&lﬁoatMamd tlimSﬁGeelayers 3,13 to

used to farmthe Si Ge .|ayer and the silicon

expqsg s top gurface of e prafrusion awiﬁ palgp Hhe G hgiersad il dr Algo other etch-
backsl.‘el:ﬁlﬁ fes ag)ﬂeqﬁe& o4 r %eg%ak: %ﬁﬁﬁ’ﬁéé bffhe %P(ﬂmg\%lil shd St of the

to cr pl anar s removing the silicon
SiGellageis 3¢ 138. ayer 16, the SI licon layers 4, 14 and the

Si Ge | t f f th .
ot ot 1 us REIFLRT T AR ERDrs prribTgeasYich s TySly f3moygs dhe SiCe
layeft a8 valchRiReKoltBE fifﬁtﬁib‘l@)ﬁ 2EY tREsiHERay@s 8 X10 %ré‘tﬁiefonmng a

top surface of the protrusion 2 and a part of t
pluralty of tremched § and fins 6. Thereafter a dual-gate FET with a plurahty of channels may

be formed by creating and patterning a gate electrode and forming source 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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Referring to Fig. 8 an etch is perforned which
sel ectively renoves the SiGe layers 3, 13 with respect
WO 00608994 ot rusi on 2 and the silicon |ayers 4,PQHB2006/050238
thereby formng a plurality ofg trenches 5 and fins 6.
Thereafter a dual-gate FET with a plurality of
channel Thérfwbriogtidnosfiaacisyimetral dud-gardFHIodtiey with ﬂleaembodiment
wh13-ﬁ§e el ectrode and form ng.source and drain region

dllysfrated 4n Fig. Bj Yilicon dipidedayerd 9vbh faremed by alpﬁﬂnﬁboadaﬁon of the
exp(fsﬁg Et%rﬁcgﬁrag?s 1E1E§él{hftéd1ﬁ 15:5-1_9 'AgsJ eﬂl%t y ﬁlaﬁfl 1a>¥91eﬁﬁ§‘ $€ formed on

I ns efl ne epl
the dxpotudi sgtfecesasudh motilibgn mhmxleocbrl d liglyrk alidieatrit tayhn |qu|®qu5ﬁhly a first

ahricati of an as ri.c du e. FET Sta
condyidite B ChesSRRrREIe DAY o i AfmoP et aihe GilicAh iy dogayeg 19. The

first SbhdeAPe By TRial 36 %oéﬁnbesaﬁoﬁ{egﬁgnﬂhﬁé]ﬁfaf%hl such as a metal or
oxi dation of the exposed surfaces, as is illustrated

another rﬁatgrlalghatm be aselk aselrgautmmaieaa] Aereafjar therfisst c;mdildnweldyer 17 is

on .the osed .surf |I|con nit
remgRg i PR e o s TR af SiehitepE BeFpabety Searthg afir
regiGPOTHE Fikst QohdiiéBVe thyerCIOMNPhick s tH@’rré‘rﬁJhbs §@afd h Second region of the
deposited on the silicon dioxide Iag 19. The first
e

first @m@m lagen BYwhich 7s ipgthe eqedons obtsirici the tramaben & wherein the first and
I

the s%gé}gf;&%g oﬂ%ﬁﬁ?ﬁ: @ﬂgfn g“ﬁié% a}gez 12 a@@@éo&g%cet%ﬂ gf t'ﬂg first conductive

layerl e c@apriises atnicgalf a hﬂi)gra@hxéuﬁask\tﬂay yeed o'rensove eliome] from the

fromthe top surface of the fins 6 wth an etch-back
top srigeeakthe REYTBISIPNZ: eating a first region of the first
conduct e i Myt .
second rigeacts i ey g, Bo SidoREiaE hai AR i appticd
withi an dapeninp¢hat apgleast pariyt @ivehs atlhglon betwaken $h65ﬁnsvmaho@ie mhet pretrusion 2.
first d the second the first con e
Subsegiy@iy 20 BIOBOO8 CoftiaUican e Hgstriorhst coBR dhe opiaSe of the
trendRY §and thCRRPrERASDS %é“ﬁfs%ondﬁcth\}etlﬁ'j% ekl fén{m@& tHE?ébytf@nnmg a
used to renove the netal fromthe top surface of

spacp betwegs ithenfins, 6 aitdea ﬁr.st gate clegigodes3. (The dandanask § i us¢dgto prevent that

10 silicaon e hard 8 is lied wt.h an .
the sgonf o ok B confer§ e 2 b Briovel Mgp bl B forming of
the filgegdté BisctfodRBTY Ehis hardhadk Hgy Bémade SEQESSHUATHe)Or bR other

protrusion 2, the silicon dioxide |layer 19 that covers

materigd theteanaprevent thap thetfiratrondactive Jayer { his IFH\OS’Pd Mgt apiligen dioxide
1aye¥ %@ is fﬁfrﬁéd &Pfﬂg 1S éés\ég sﬁ@é’c% rof }1? ﬂs%gnqﬂp taiﬁﬁrsﬁg@aé{péenﬂy a

a space petwee nd B P St
secoﬁﬂ eoﬁdwdee &?Ier Mdi}ﬁ‘fsﬂlgt‘mﬂ%ﬂ&dn&rmﬂ i$ demisﬁedaﬂsﬁ the lsHlicon
e secaond reg on, of th i rst._conductive. |l ayer
diow ¢ theree gaiecleerofery- byt %%Féanql@@nt the second

gate%?e{cﬁo&é 2FLS es Zlhca_lbﬂﬁxhﬁraﬂd ?g?éirll opﬁleﬁ?qﬁd?ﬁe first gate

Icon nitride or any ot t ‘can prevent
electrédet 3% dvengirises $1110m1ndﬁuxt1e\aad balysiticdry howevernave dtheNenmbipations of

d 29 f d h
matgl4 RE b6 R I 06 eosiptioR 41 e SeHAesciD LAl the
thicliRELNANE ARAMEAE WS etsAYQInd 29 rﬁaﬂm%’ digfepait. pol ysi i con or

metal is depositéd on the silicon dioxide |ayer 29

t her ebyFigol hnsngdlag@emw topviswedfemtemhgdiment in whichitke second gate
electrgﬁ)eo?} is contacte(? oft %&?rgg 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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gate el ectrode 27 conprises silicon dioxide and

polysilicon or netal, and the first gate el ectrode 37
w@awpi®es silicon dioxide and pol ysilicon, hoR&E/EB2006/050238

al so other conbinations of maierials may be applied

with the restriction that gate el ectrodes are forned.

remeNed bytapplyiny a&mmm@fhetdpemlngss ol atd 92y wiryeh ﬂle]é@c}ﬁiigiipr%ess is
may be different. Fig is a diagranmatic t

ele‘EﬂVeéWﬂb%EﬁﬁFF fpcthe other mareéﬁISt “h’berg%l%eéﬁae glélp%n @Pégﬁ rlwé 2%16 formed
on thEGORAEHELE Bt S 6 Sushll hE bBlindSHl 8240 sty Al silicon

dioxidé layer20ttdn éhetexposedrsiiefaees @ff thehfinsfé. ﬁabfequéﬂtly thasatondséndictive

layei, 38 G RbriSHRE Dol HeasL B deposiof BALIE Qb dioe lang 2504 Hie openings

91 aﬁ&@!‘@&%rﬁlhcﬁe fdobad ghutleRirodd SEN &Pﬁl@'ogglﬁn% % ﬁﬂpbzgzﬁre @ed to form
the source and drain regions he protrusion

contgets tchtbe feqond getsredretrode 27. IlﬁlmnatWEIWmd comfectdo thecsepond gate

cleclp@ U8Ry At Blas el G M oy e Pprnbed e e el ttdrode 7

mayibe ifleQiing\eecomvéltiongBRBaEatio rﬁémocphﬁwmag% %daﬁJdSadJ acent to the
Thereafter, the silicon dioxide layer 29 is fornmed on

fins.t he exposed surface of the fins 6, using the openings

9 1 and 2 uppl.

the oxpBrsuilydy B tbiGy ioideRd Ry HTabbhe i ehfemely
shorsmngﬂmlmbgatamwasmgy@tveﬁﬁom mmcsndlgtqr@lrmsslmg:mahmmes with

deposited on the silicon_dioxide |ayer 29 via the

extrepeliisigd and tepsedycthe fins Wish thﬂtﬁ]é angse Hidth dhat arechotla smalies than can
be obthinelSHith éﬂ%?olﬁﬂ@%%ﬂ}ﬂ Ef%}é%l? ﬁ% Iﬁ'f)ﬁué@{s&l 5 QutfsB) a first layer

contacts ectro
and Ak¢cend dayiey adeyfotniel, eftertvaltith the tb}h surfaee ofi thegaoteustdreis erkpabed. A

portiohT e St Budtas SpedlivR BTG ed ARptie Wh b OiEiig 4 the SeSond layer,
ther b QTR alfdad*)ﬁ‘éﬁéﬁt ARB aTBEHGSHis REWNIZBYo REm! £818EEE of fins and

acen? to the fins. In summary, the invention
trengches»lecesblahgate Fidds ofeated byiferming g gate eéeaﬁnoéerm the trench(es) and a

Soufgee?ﬁ %3%?8?%@%8“ et in pfiSP L E R &F Bemefy short length
yrskiBtric daRdedt€PEDGkitH tb&cﬁgatte &lsctdded that Pdrl K bigwed s%d%tél‘yh

that are both small er than can be obtained wt

phot ol i {tﬁbglﬂldé’ﬁ ingted dlaat thayahoye-nmmtignest eyabagdimenis dipstrate rather than
limiftil){? ?rﬁe\{gﬁﬁ(gl}, tag }%’;\% ﬁfogé Qﬁﬁéd[ ﬁr{ﬂ e ?&gfé gg g]Pfe q% QLsi g{ lt%anu% alternatlve

embbdinexositbut Acpadting fomahe ﬁdtope bf thetappended cla,ims In the c1a1ms any
sel ectively rem)ved relatlv o the protrusion an the
ref e@@%ﬂ@larﬁ A betvrrep dgtPnehe slelﬁ@ natbqq@nmd&sw@ﬂeﬁ%e claim. The
h 8 rs¥ephan! ASse 1i
word S reﬁ'&.gs P e eseior MG bt 4l ! Bse listed
ina alagnt'ﬁleat/mdt b de“dny préveding anelefres) dasschohexdudedhe presence of a
I q ?]ggklon Further a method is presented to
plurgliy of SUEPIIPCES t r enel y short-1ength asymetric
dual -gate FET with two gate el ectrodes that can be
bi ased separately. It should be noted that the
above-nmenti oned enbodi nents illustrate rather than
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limt the invention, and that those skilled in the art
Wl be able to design nmany alternative enbodi nents
warakometdeparti ng fromthe scope of the appenB&rIB2006/050238
claims. In the clains, any refgrence signs placed
bet ween parent heses shall not be construed as limting
CLAIMS:cl aim The word "conprising" does not exclude the
presence of other elenments or steps than those listed
inaclaim The word "a" or "an" precedi ng an el enent
does not exclude the presence of a plurality of such
el ements. CLAIMS: 1. A nethod for fabricating a
dual -gate FET, conprising the steps of: formng a
protrusion (2) of a first sem conductor material on a
substra ] 1. 1S r - Of ' '
L rateri afﬁgé{&%ﬁ 5‘&3{&‘%@8’% grﬂl{l%l' a’té ?%f’rﬁ"@g& et@%%tglgf(gyer
- (4) of foraempaprosr@sion (2)cufet first seatieondattoomatehial éri 4 substrate (1),
| ayer (3), .rempving the first layer (3) and the second
" layer (ﬁarmanz:g% Fb&yen(3) gpa Sy mpteriab pn theePrirationigion
C(2), se $ . . . Lo .
br eilet ol T oRFIERY) @7 of 2 Secuhd emPBARIAG mikitid on the fir
layes8)ond sem conductor material, to forma trench (5)

bet t he. t ' d th 4

and a1 TemaE Do iR s (Dl Medresnd TSI Ry oRiRpee fop gurtace of
theﬂrbﬁus‘i&??),d | ayer (4), forming an insulation |ayer (9,

19) on the exposed surfaces of the trench (5) and the

- fin (6) selentivelyoempnipgahe fissbmaterial to7) predetermingdadepthi sedative to the

material on the i.nsulatio ayer (.9 1 Lher .
first 75 il orriCoup 0t BhisR, | SR dfons IS iRt rosysion
and Heaktonll, layed (4))ehid & 6A06) Sjsifinghke BéRBIS5Pind doaipHisthg tBé second

| east one nulti-layer structure conprising a |ayer
laye{@g,) of the first material and a |ayer (14) of the

q : i : ¢ )
second T REHShRiod B8 0510 et el Ml 8RBl 41 ranch (5
and (h8)fina(®), anie second | ayer (4) further conprising the

renoval _of .the. mul L , nd, t he st

-l ayer p of . )
- sel ect i fEming 2Res glJDh%f arqopdyctiyg material op the; ipgiflation layer (9, 19),

ther&g,q?gﬁhﬁl' NGt OlBiRgeat | east one trench (5) between the
' ayers of the second sem conductor material and at

| east one fin (6) adjoining the trench (5).
2. The method as claimed in claim 1, further comprising the steps of:
- forming at least one multi-layer structure comprising a layer (13) of the first
material and a layer (14) of the second semiconductor material after forming of the second
layer (4),
- the step of removing the first layer (3) and the second layer (4) further
comprising the removal of the multi-layer, and
- the step of selectively removing the first material further comprising forming
at least one trench (5) between the layers of the second semiconductor material and at least

one fin (6) adjoining the trench (5).

3. The method as claimed in claim 1 or 2, wherein the forming of the layer (3,
13) of the first material and the layer (4, 14) of the second semiconductor material is realized

by epitaxial growth.
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3. The method as clainmed in claiml or 2, wherein the
formng of the layer (3, 13) of the first material and
w0 b@olozoges (4, 14) of the second sem conduct or PEEIB2006150238

is realized by epitaxial growjp. 4. The nethod as
claimed in claim1 or 2, further conprising the step
of : providing dopant atons to the first and the second

sem conductor. material after the sel ective renoval of
4. the firdhe pgthodagclaimed mal%% Abd Tugher compeiging the step of:

1 or 2,
Fayer P THEREEATHORS W he!R TR @rond b ol materia
afiert the s¢leative herthdyal affithetfivet hatpriglur f ace of the protrusion

(2) and the fin (6). 6. The nmethod as clained in claim

1 or 2, wherein the first material conprises SiGe and
5. the Sec?ﬁé'm%ﬁﬂ?d%@ REHREP T dTREET b)), ﬁﬂﬁ@%rcbﬁl%ﬁsﬁgklhé:ﬁéb of:

7. The method as claimed in claim1 or 2, wherein the
- Wi dt h oproviging & lay(sﬂ)f implanted meuenahamheﬂm)t‘tmnm&ce of thg trench (5)

h od 0 _cl ai further conprising

and fieGo FURE of esflsidny ) ald Beliriedi on (2), “the firoi

conductive | ayer (17) which is in the trench (5) and
the first insulation layer (19) which is in the trench

6. (5), théhempthodrasiclimed myslaim bet ewherein éhe finst pgteripemprises
( second
SIGJ M 1Ifh ? ‘?‘%ﬁd l@%rﬁﬁ%fu?.g&r égtgl?af% coglghgéss ggwg Urfaces of the
space and formng a second conductlve | ayer (27) of a
second conductive material on the secaond insul ation
7. layer ( 'ﬂay methodrag slaiment i (iyjmal Sedarergiatie widdek g dn (6) is
smallérthan £ naldgncf®t hod as clainmed in claim8, wherein
efore the step of formng the first insulation |ayer
(19) a source reglon (10) and a drain region (20) are

f or ned, urt r ri th teps of:. formng at

5. | onst b Bsihodes cpae igtaimy b SR p@pLsE A He

- (10) or QRovikiEthd Ii)?(&tﬁlsfo‘i‘ﬂQ(QP e Bost cdntaﬁétﬁké\’laﬁéi’r(m)%lé‘lﬁls in the
el ectrical conneCtion to the second gate ‘el ectrode

tren¢hX() and the firstanswdationdayes (t9)avhiehdisiin thel tedneh §3), thietabyiforming a
t t al dth
Spacsﬁsman s 0 D A0 o g R Bes pot et 1 con.

forming a second insulation layer (29) on the exposed surfaces of the space,

and
- forming a second conductive layer (27) of a second conductive material on the

second insulation layer (29), thereby forming a second gate electrode (27).

9. The method as claimed in claim 8, wherein before the step of forming the first
insulation layer (19) a source region (10) and a drain region (20) are formed, further
comprising the steps of:

- forming at least one contact area (91, 92) on the source region (10) or on the

drain region (2), thereby forming an electrical connection to the second gate electrode (27).

10. The method as claimed in claim 8, wherein the first conductive material

comprises metal and the second conductive material comprises polysilicon.



