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El ectric device with vertical conponent The invention

relates to a nethod of fabricating an electric device
woiods/1a7serti cal conmponent and to a device w t RC&IB2005/051634

vertical component. The invention relates particularly

to a FET device wth a vertical channel. As the

integrated circuit (10 techhblogy has devel oped, the
EledtSe §R% ggwgﬂuﬂahﬁglgied circuits has continuously

I ncreased at a renarkabl e pace. The conti nuous

advancenment is due to the ability of continually

shrinking Iine widths so that nore and nore

transistors fit into the same area and thereby

enabl ing nore and nore functions per unit area.

Shrinking the conventi onal MOSFET beyond the 50 ran

t echnol ogy node, however, requires innovations to

Ci r cunven¢ infdaktion@blates ta methbl 6f faunekimg ah @lecpiR)BVies with a

that constrains the conventional MOSFEI. Two of the
vertgp} eqmponent ang fubievias vekea yerher componsnt. dha ysntioyTelatss s
partidlf:0 gg@é&:ﬁ? deieB ARl cfllce! @fhgdiC and control of the

char ensity I1n the active channel. An inprovenent

of the current pl anar MOSFET structures is the

i mpl ementati on of a double-gate FET. In the double

gate geonetry the gate capacitance has increased,

gi vi ng h\ettlﬁeeintegfa&dtdlmﬁﬁ dao) mechmﬂbgyo}has @téveﬂb‘prdpﬂha !pm&rmahwe of

t he PCT tent a cation WD 98/ 4
S N g S s o L
advirteinBft ifBid18dhd AWRitg AT BorltRAEYshrinkiElg gk WidiRdsdiataheBfidmore
a conductive | ayer untll an appropriate thickness.

trangiffoss ftapioithespmy ayearapd desarbycaabling Mee 2pd B0t @H?tﬂﬂjls PPTHRit area.
whi ch i %hﬁ{ﬁl&ﬁ%ﬁﬂé |canehﬂoﬁ%@M(bf§Fﬁ’IaEe¥M@ fhets0&int feditDicHyHode,

has rel ati vel di mensi ons resent invention
howswerk sequizesinnaniatiensan cirerpsnt barriers el toohe fundpmeniel physignthat

congtra%(l:sttﬁe gon% %’tllo%gl M@%ﬁ%g‘d*r&}g lo¥ theh)?treﬁ‘ hg‘d oBl\é{ng %ge' tulluga‘-;hﬂg of

I'St
chafye &Vﬂrﬂtﬂ”tgroagls theshin zbte dhﬂ&dtmrgaml cmairoi o lﬂlla‘ (ﬂxage\denshtya;m the active

el Ay TEBUTHTHY Ch B PiaetEEL M HE: B BhpaTaenadon of

a dcﬁib[eugiitélFEI‘ Vih e @uBle@aRClebingtry i¢hatehpibitandedial theteasedt giving
| ayers conprising a first conductive |ayer, the
“ﬂ¢ﬁﬂ§¥“§@ﬂﬁﬂﬁmpb%ﬂhﬁ ﬂelng el ectrically insulated

from t he, gl Aidn aiichtiWOss/£1008 A3 Sfidnuf-Rtubdg a

the dielectric Iayer the | ayers of the set each
vertical MY wansisty écdisaleseqd.Hn dhaaethod the gate length is determined by etching a

conductive layer until an appropriate thickness. This requires a very good control of the
etching time which is difficult, in particular when the transistor has relatively small

dimensions.

The present invention seeks to provide an improved method of fabricating an
electric device. Accordingly there is provided, in a first aspect, a method comprising the steps
of:

a) providing a substrate having a main surface with an elongate structure
protruding from the main surface, and

b) providing the main surface and the elongate structure with a dielectric layer,
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per pendi cular to the main surface, the first
conductive |l ayer having a part facing the el ongate
webtoasctizn3e over a | ength, the | ength bei ng det ecmiBmds/051634

by the respective thickness of the |ayers of the set.
Thus, the present invention provides a nethod where
the size, such as the length and/or the thickness, of

c) the parproeidingreesef bﬁlsyers:mmpﬁstﬂg\aeﬁﬂsmpadudtiae laygr, theefirst

ate.stru re.is spe

condi RS Loige fantiery B el TR st @ Snd SRS SRt

strudt@te b§ €hd di€ledtiit yBE A 18fersof! tﬁcysﬁt eddh Hd@ing artedpectivdehiskiess
of an elenment, since_the thickness of one or nore

perpendjifiar tadfie TRain Swi3pethe dirst sprdugtive [y having Fpart facingdhe glongate

strucire dvrdY BhgtB¥e té%gﬂi%ﬁfg(\’fe{eﬁgmg@% tﬂeQe énﬁértm@h{e%é’\bf the layers
atom c | ayers or nono-| ayers inition of

of thgsefo- | ayer is known in the art. The thlckness of a

layer r‘PP[ust {ﬂn_?)gér‘%gnt‘i%h{l&l fér%glld%\% ;I Hw{l]l@{i] %‘él%ﬁhé: s1ze such as the

resol ution; 0ScO I On, Or mesoscopic
lengtlﬁmdfom Ithedhwkffdse, o Itl&aqiarn of thiae{\hisb@nduxylvb ¢ayanfaeing clier deorigate
evi.c suc as. a se ct or ed electronjc
st S e 1 e R PR P IR S B {0t fam gavantage
to udeltBdhickhess ofl @ Viyeio cfeté@hn@&heas@adfan@[eﬁwﬁd sh&@ﬂﬁitﬁiﬂa’fess of one
or double gate transistor. The substrate and/or th

or meFedAYAR BAK PF e preisvhyopold. Ahe thigkarssof AdyrepaY ba pontrolled
dowh t@aneaorrﬁ%@ra't(ﬁﬁlc ‘My‘éﬁ M&ld Iﬁ%rQ Oﬂfé%ﬁhl‘tﬁbﬁ ¥f 4 BRbhotdRr is known

| ow of current through it may be negl ected, they may
in thb @rtoFhegthiekness of 2 iﬂgelrmmeﬂmabe cqnirelledawith nastdisedpiguesdution,

mlcrgg)cﬁ)_?fécrgé Yﬁt[&ﬁ of m{:%@éogﬁ:freé’%ﬂ%tnal or they may be of a
se eri .

conduct of a material with a
conduct Tha ¢lgotiiedevi@mayhizet anca‘lecaometdahca rsucheas a sesudoatioator

base ST BEC0 LR B e eSS RPLy P BoEma Thk Cebioydeyiss sveh

as a gid-aedupd gahsstst, bﬂ@éubﬂdé‘gdf@@ﬂlsﬁﬂir be of the sarre
conduct j vi be an |nsula e. the

t
ot her nH8e %%st&ﬂ%@hi/%rd%{{g%re SUYERITHRAD nap%atwg npgterial,

i.e. d MBeSANRICRRR URY bwdwtwn%uﬁah tRSARP bPcuFRhehtRE ity e
sem conductor materials.” The material of thé subsStrate

neglegier], dheympay bel dpganductpg u@teulale L.erepymeted Withed ¢pardudtiyity of that of
a mdrl1 25} tﬂ%ﬁm%f ﬁgﬁfg& SetTL(g({Hrclgn%’{gr Ig%%’;l?ﬁdﬂ tn?a}?f}rﬁd Wllth G COIl(Hl%thlty

mat er fe e ongat e
betwstn thot Qﬁaernniayamelwhnwta, idnelneys the cordustiviyy may degpend on various

prorgii Selngrprebnares Pro T aRanre Coofls SRRRE M notbsgr e
samé) edndbawatysim ohé alag behn instildtok witklt el dher maydebkdoathgstor, but
bothg%%aq chagf%?e éa%leecron #c%el%rf,tsgc nboaim r%léltleﬁalg%a?f rble %lemg:]:)n u@?or
materials.

The material of the substrate and/or the elongate structure may each include
more than one element from the periodic table, i.e. the material of the substrate and/or the
elongate structure may each be a binary, a ternary, or a quaternary compounds, or may each
be a compound containing more than five elements. The substrate need not be a substrate of a
bulk material. The substrate may be a top layer supported on a bulk material of the same or a
different material. The substrate may even be a stack of layers supported by a bulk material.

As an example, the substrate may be a top layer of SiGe supported by a Si substrate, e.g. a Si

wafer.
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different material. The substrate may even be a stack

of layers supported by a bulk material. As an exanpl e,
woOherssubisirate may be a top | ayer of Si Ge suppecTraB200y051634

a Si substrate, e.g. a Si wafer.The el ongate structure

may be a nanostructure, mesostructure or

m crostructure, such as a narostructure grown on the

oo T e LA e IBRIORRE bl .

m1c1psmnd¢ sachharosnpstofctine g@svnt dnghe klﬂm'gae,e: s by wotang ef the vapor-

tiquRip i v RtV LS oy ikt B R AR S wab S Cpppgueture

as tieWislohsBudtiy shee probleaadyiane g ARtied lisixital betvedenta IASHHMhe
bet ween the s bstrate and the el ong (#g structure_ may

elongafe sreairgand a pificeof fiegabrate Mgt byd@idedynd Ap F@Eaﬁlamé%rwnshlp

betdeR M sh@stﬁ%ﬂrtﬁé QonghRestRLRRIALLLShoVREYr € may be
provided so mat it is protruding substantially

per pendThwlamgate«ﬁtmh@rfsmbzspnom%awayméhe suhgragd. dhg aloagate
Stm%lrl%#l?% ﬁjg@%{%@noﬁﬁ%k?@a% ﬁlg%u&?%ltngly géréﬁéﬂd?%ﬂ%r fto the s%lbstrate

howéV@m@ﬂo@mereTrh@ aismb@pmamledjmplmm m;mnntdh% finarh thiee

e T O DT A C A—

the élM‘ﬁgaﬁUSitlﬁaﬁlfH dndnise suBstRAs, orldx@inpLediafgwRes dTanpl gmlnadnl Fe(111)
fromthe substrate and a part with an angle

MaYFERY de&Vq orisfatines: g@ﬂ&ﬁ%@lngmwuﬁﬂy ranghe s%yataénd a part

wﬁhed?lVénéIeQ)@@g de?:@é& ff b HRMBARRT PR e Rl a8) %’@@hﬁy Bt EH\‘AElHﬁé?iS and
on a substr a variety of angles may be present

for ameaperablelpEelongatn stovatuesss carigubsiraimpg viydetp peaneias mayhe present or
ovafL SRR S LSS, FRUBARBR RIS AR it
aspea’snaﬁo,tl er aspaoifrcdyngnletd dilagleiler tabianTHeaspati cdtioasayl taer lger than 10,

e 8 5 e DR S 0

250 OfHeadistBdeifsyi dhitAhd dBgcrpentivuiak e td M8 Wrgiiddingl didttidcdfiten
of the elongate structure. The el ongate structure my
elongate §Ieiy€t ant i al |y singl e-crystal structure. It may be

advant agROsSndate %@t\ﬁk&ﬁaﬁbéé Msﬁnﬁdlb&%’i@le-&tyﬁt‘dpsttﬂfzﬁre It may
in relation with theoretical elaboration of

be aétnifmﬂWSttia arypisrasingle-enygial simetusy, egcmyeletionpwith theeretical
elabbBE o éunteﬂpt?a{n@ érfﬁ!ro ﬂ@lpeosrutuc be oﬂéﬂrh ei?rbtf%e retical su ort or

properties o e str cture. ur’t er advant ag
insight irgepwpentiecs of thy stsichyb dunther, athesadvamngﬂs@sf smhstalnudéy $ut®¢-
vice with

erRAREYER b BalTISic el P bR RSBl Be achioved,

e.g. dehndi@ch deolct aGd o ButesduPined votagh tHrehld, etk 16kl tdak Burrent, with
W th better conduct v1t etc. e Qbt ai ned, t han
bettgr spdisiiyibe §ich Bt §° ShfaREHh-BIHgT éeveﬁgﬁsgrl on non-single crystal

structures.

The elongate structure may be intrinsic semiconducting, doped to be p-type
semiconducting or doped to be n-type semiconducting. Further, the elongate structure may
comprise at least two segments, and where each segment is either an intrinsic semiconductor,
or an n-type semiconductor or a p-type semiconductor. Different types of semiconductor
device components may therefore be provided, such as components comprising a pn-

junction, a pnp-junction, a npn-junction, etc. Segments in the longitudinal direction may e.g.
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structures. The el ongate structure may be intrinsic
sem conducti ng, doped to be p-type sem conducting or
wdapsa1tie1 be n-type sem conducting. Further, tReT/IB2005/051634
el ongate structure may conprise at |east two segnents,
and where each segnent is either an intrinsic
sem conduct or, or an n- type sem conductor or a p-type
be o L8 GRS B B S DR, 3T ARG Y oA o
the \@poponent s conprising a pnjunction, a pnp- Junctl on, a

npn-j u Se i tudi

di rect Pglhe %ir%/gm’ee ngf)tg%ﬂ?yn‘?entga usﬁ?{ba Ig%ong r% ﬁ%p%egllcf |Se1€Cted
frontmike geuthp caikikstihigfolf Phor@h ®akdpap davigs, qdhﬁumoﬂmaﬁmbe@ thefhoelectric

t he va%ﬁr The el oa ate Sﬁr uci ure may be

devipgingha: GflevissipRasEctomeghanis ST e S RgR il sensors
fieldOS R Ptr ARREILS tih R PhtRRRS qasohaﬁ@gﬂlemge&b@@ssmga YRl

dot devi ces, thernoelectric devices, photonic devices,
trangigiprscinrated éﬁ@@@%@nn@wet@@waﬁd@t eniHpe flaices orplieH anndalators,
optlfaggegtgégﬁlis ‘%ﬂjﬁﬁlg”(fﬁ’fﬁ%‘ﬁg tﬁ:gﬁéo% f%léss optrc[él{: §v§gc§9s dRi RS&Or S,

transi sA@ind¢ctmmlfayaneplrodeibém tibc malmgﬁae& ofthe srbswats and to the

elonla%z? gt%%cg?rpg.t }Iggcg?lgcg %g %P%e Srov18%f %uogi%tog %ﬁ)ﬁ(—i s%)ps ’fl?e dielectric
layeﬁmhjz baboxﬁmlﬁdzhﬁsme aﬂﬂaofeaﬁaéﬁals Ahél itatl@essrdfehd dayledstnc fayer may

r ovi ]talg t he main ce of égt ﬁubstrate and to

tAEPSS | r‘fa Bleéts‘ir%i“ﬁro "*T*H igtedpd G glngatn s y be

provi deghd diele&ific @égef‘%ﬁﬁc&hﬁ&% a fif§i@nd 'a@éc%‘ﬁ& ﬁiecreckrayl@yer The
be constitute one or nore nmaterials.

ﬁTSttdI*ﬁ)l/ iclgyer gnayt qegerdhe e surface of eg sulgiipte W«i&m& e@fkbq Reontact
withGf 'l‘gaktrhesgcﬁlgﬁg dl é%te sttﬁgtu Qﬁé El@ﬁ%t@%chﬂ@m%& Qagléta%urrent

structure ectric ayer rise a first
carrgingl clzanselc @gdthd cwirent thangellimg éalansﬁrbredemcpmucl@l ped BET degee. The
first gbe)f ctrhcrﬁa%ea I]Baé( reh})rcrg?ﬁngrgwd% Y ré%glcﬁni? easlter se%gratsi{l [ ﬁ\lte %ul%?rgte from

secttTon O

- one bhﬁoﬁ gangAdctrodés: Thi firsediclEbigic édyengay de sf anycdhitstde materials tuch as

.curr r C nel he current
SOg i R o TR h ot CaEa e b din b bR H flayproith a
certakh Ghidkinbst sudh @b 8CthE kfmgh AY-2000RH, fA€h aOin tHBANPE wsatpmnasuch as
dielectric barrjer separ ati ng the substrate from on

in thgrangg 180gaP ame The fiysh dislectriphayer max pe gravided pyithe ¢1@19@flc coupling
SO aé"ﬁ)yob@cﬁn o]} v@%yneglg%nﬁmr ‘ﬁﬁ g@:'aﬁﬁé Blpacititelbawed] (R s@strate and a gate

Spi n- on- g ass first ‘'dielectric |ayer may be
clecpodsy The firstdielectrigyayer wiay be prayaled aiith a ditlekrie senstagtipventhan the

dleléC@I‘lC &%stﬁﬁr&%lcl}lzo {Iﬁ%gt Jfé‘ﬂ:ctri%%peig’ga}) l%] ! Qh 2 ?lﬁhrqg}ai%uél Iglaterlals

e range
are ldioezineﬁ el agt. E&Mﬁplesm[ylobd{ prateyiad echishi thy Be ddedlagcduch materials as:

S b S o T bt BB k8 RS B pane
Aurora (trademark of ASMI).

The second dielectric layer may cover at least part of the elongate structure.
However, the second dielectric layer may be provided to the entire sample. The second
dielectric layer may be provided subsequently to providing the first dielectric layer. The
second dielectric layer may be provided by using a chemical vapor deposition (CVD)
technique, such as plasma enhanced CVD (PECVD). The second dielectric layer may also be
provided by atomic layer deposition (ALD). The second dielectric layer may be, or may

provide, a dielectric barrier separating the elongate structure from one or more gate
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el ectrode. The first dielectric |ayer may be provided
wWth a dielectric constant |ower than the dielectric
woaonstianisiof Si 2, the first dielectric |ayer payIBmos0si1634
| ow- K material, such materials are known in the art.
Exanpl es of low-K materials which may be used are such
materials as: SiLK (trademarR of Dow Chemical), Bl ack
a
elecﬂdéygﬁ%% {}J &?8@{%&%@&8@ }élg R%/%g?% %fﬂ%clleéggafa‘%e%c%c The
secondb dietectaic lhﬂaﬁiay paof amf suithisle elatmigh sechsis 1Si@4. The second dlelectrlc

cond .dielectric.|aye rovid
tayo B HEPranPT w TG R Tt SHERRL BT HT Toe Sk 10 Pt Sy in he
rangbe 5p300Mh dkaeh wbsmuﬁga 1-y0 b, BicBvb dinAQ Thé mléunegtof the second
“dielectric layer. The second dielectric layer

dielesirisJrxee ghappe GBPSTH Sa 2t Wb Amf SWEHEH drepie ?’P‘éﬁ“‘{@?@)’eﬁn a
conduBG¥ThttSal aRd B RsheRleaIBmRNBRGEMy YR RN P%f thd Bfickness of

second dielectric llayer may al'so be provided by atom c
the seegpdrdicdeqyasslay¢ranay depB)d uppndhal e cfigicat epadeal insulagigeis obtained.
|.e
The g%égﬁr) g 'e}egtrélc?%)é H’{ g gfdw (é\'q ucﬁél@#t{ﬁ% ?n&%%g?fcl) Igher than the
d1elegatcemhﬁa:rttrocﬁ 8e3, thEhmdtdtedaecﬂm:lay&ﬂ mhyd:leexf 2] rhugh Kalyaecrlaalraych

matf B ERTR et Eag Bl of Bk ST e SRy P aprmen

matefls2s Qhtaldi @ x e 00 AgnHineb66é. IThe ubger elinlﬂcﬁyhéi)ﬂndkhé)éé iodl 6@
wth a certain thjckness, such as.in the ran

dleleﬁFﬁC layss gay bejdgterpwed by g desired cheg i the ghapngheq u‘ftﬂ@e(%or a

giveh PORBtiA i beM&bn 8% RstBhdubie fahérib @RSchafindLNN&. the elongate
second dielectric layer may be chosen so as to obtaln

strucqurg(iFlfei diglegitic alyerchetwesa the gesednsk the phapaeligbgiwgen 1-10 nm in
ial and the el ongate structure.
lnmlgﬁg@ﬁgh%ﬁsyﬁ&ﬁ§omer limt of the thickness of the
second ﬂbcﬁleemrrqus aé.payte of thaylimgéridyan yarﬁrdidsduaiedain connection with

cient .electrica ti i S
2 ir§ G h SR IR eyt Ty Ysu P G BTy S S sngle
dieledtre) 18@dr inhay Hé(iiﬁ@\h@d’dlg ofhmglh&hant th@najicfemsly Bd gotided. The first and
cons%ant of S|9% second dielectric ayer %)?
secogd diglagirisHayernast qu%he aRQYeAnFYeAL GoRpEuts ARt agd A speong part of the
diel@fric laferanpl es of Hi gh-K materials which may be used
are such materials as tantal um oxi de or hafni um oxi de.
The uppBite $¢f of layess campprising a kagetsstingk copfectiyp dayes e férst
conds B 1a BB bAFb A CalacplEst B GTE H9E i blfictive ayer
maytbetavle;en of Ag Pt,i ZrsHf, doWd Gt Tae Analk® oaamd/ dthe seitabbapterial. The
tr ure. The d .
firs gVt s SRR P A0, spoblS ot BhE n PHEE dovice,
| Pd uﬁt r'l(;l&i tl“msfmmﬂﬁcail% l@ysmeyrsea prdbidee to cha EliBtiate FPRIGE 3 sputter
of the dielectric er are_discussed.in.connection
techiyjpg %0y oflaet relgnbeaiitdse el aups e wyEym (coptfiiogs layer

of tHeFirRRohMIRBY STa9QniBY dpbliREnat i vel y a single

Prior to providing the set of layers, the top end, or outer end, of the elongate

structure may be encapsulated by a cap, such as a bell-shaped cap. The encapsulation of the
top end may be provided in a dedicated process steﬁ, however it may also be provided during
the deposition process of the dielectric layer, e.g. in connection with deposition of a second
dielectric layer as described above, since in such a process more material may be deposited at

edges. More material may be deposited at edges due to material transport properties. This
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dielectric layer may be provided, or nore than two
| ayers may be provided. The first and second
wdielsaatsic | ayers as descri bed above may al SOPCT/IB2005/051634
constitute a first and a second part of the dielectric
| ayer. The set of |ayers conprising at |least a first
conductive layer, the first onducti ve | ayer may be
. OVl to. at,l he,;. : | staer
oo SRR I Gy Bron e PG (L ebOfnar Prfess 0 12t era, 5.
Wollat RS Tatlteer,ofth Zdh, 1986(p.086, dvticedtthesr Swsett Bdakle, Crdif@nianl .
The first conductive.l ayer ac s,,an .el ectrode
such asﬁ%le @rﬁ{]‘?na’ll“é’é’f’ 1158'8%’“?% g‘gg“f‘—g E’f‘tegi gﬁhg él.lb#ﬁtg tbfy jUpi0g a thermal
depés@ivdu€dhhige. T8 ¥ eBB¥inteat WhQY tdedbrigtte tshecteldhis tcapsldid by a
using a sputter techni que or any other rel evant
cap,t e ige &onsthe AR TeS U Y P TR R OF GherioBRipLve layer may be
dep&REA bR lél*'i"eléﬁ‘}f@l‘éy&fas b Sef bbstanGARPEGHIAME wWitB YIRS suBBYatd8nd a
deposited. Prior"to providing thé set of |ayers, the
second pam Afithe gpndngtiey lapgrdnaydfe dehesited ongwttep sfthastur e may

The. oncaRetian! 4F FRRopANAL BSedn BRIOER\ 30Tt Bosiion

metltteldised tthedfiger @ndedivs laypr mhp hewear thicknevapetevesnl (lmm and 1

. provi ded during the sitio gcess of

micfngfesprh & feayan 2and S0 fime oHeE RS s Cindiip gen spees
beW@%naSSﬁﬁunﬂnﬂjelectric Iayer_af descgrbgd ab_oveEJI si nce

in such_a process nore material nmay be deposited at

edges. NBTECheftREpYiding thesohef laesoury @‘an%rfseél_a?g%'%-saqpé °fo
c1) Mat eri ahrol fadasPOfilst BSfRGNe18Ry, Thi seffect is known in

the art” as shadow ng effect (see e.g. Silicon )
¢2) Pr ocessbmyiding ametevtia) layar govesing wiart of the firsingondustiye fayer facing

3 : ' ,

the il rmcih iR o9 of A e R R ARy apH 1athe BERRRRate sucture
beingregpisddd to the substrate by using a thernal

deposition te

' . ' wher. h :
) o ongat By Pava A e AR ERT RTBHTR 4/t e biRmissing tver

asaffa®kn the cap may result in that a first part of the
conductjive | ayer may be deposited on the dielectyric
| ayer aShepiyign Busamaribrare alay cpmarsnd iheret f{dayers. The
prot8ddf 14yt May B Pccp8mARdkias o Mht thO€oveRAGHMALI MR firdd®hductive
may be deposited on the top of the cap. The thickness

layepeorppyescy  first pebaletacord pagly dhe Fesh parkpringithgpari of A first
AP | . i '

conflEAGP LSS A0 B yPRRIUEIAE L USE, b

secoad phtbeieg n p2% ofithd HHCominct byertbeag shptrated fromGha eldngeBOstructure

ot Ty A BRHE UL T oot MlrPTalh s e o st
thiclafess 43lthe ffsodieldetnig 14yeead dasaibed @bohec The/proledii@ layer may be a SOG
layer or may be a photoresist layer, such as PMMA, PIQ or BCB, spincasted on the first
conductive layer.

An etch treatment may be provided which removes the first conductive layer
more effectively than the protection layer resulting in that the part of the first conductive
layer covered by the protection layer remain whereas the part not covered by the protection
layer is removed. The protection layer may subsequently be removed after etching, e.g. by
dissolving it in boiling acetone.

According to the invention the gate length is determined in a reliable way

because it depends on the thickness of the conductive layer and on the thickness of the
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c2) providing a protection |ayer covering a part of
the first conductive |ayer facing the elongate
webtomsatizize, a remai nder of the first conducti vecragmns/o51634
facing the elongate structure bei ng exposed, c3)
renovi ng the remai nder of the first conductive |ayer
usi ng the protection | ayer as’ a mask. The protection
protF&%ﬁ rlags’@%ﬁlcﬂlﬁa & S?Uljl @Q(t? lihecc%mﬁdti%g gayhp Al lgb?tef (%terﬁ'rination of the
ayers. e protectron layer nmay have a certain
gatetlengtikmey $n § wiyate dhiteenaichar fod npthotis whert e date Ishgth is determined

nductive l.ayer conprise irst part.and a secon
by of e 5t 8 Spifht RengfPTRRaRRT, Sioh sTiog® Biobipvry p & Rhrol of the
e oast tho. drel oot c. Layer, and (he second part
| |
dimepsiong suchpsere. achanmel lengih p 0 mer bgla¥er bei ng
separ at @detdAohMRLiO AHEELSy B FroGltd & BctdiE@Rtacb¥ith Beleast a
The ?

dielectric |ayer. hi ckness of the protection
top ¢ngdadrthrelongsite sruchirs iThe pegend pandretivedayes map@ctrgsagdep contact. The

top ?én?alc?ﬁ}angia&bds%esf l%% of 8&%&&%&?@}(9- The protection
ayer y be a S 'ayer or nay be a photoresi st
| ayer, duseparatsonFbfimay|be poovidGBpr dpdtricdlytirchlabing tlesecond

i r.st i | . teh t .nent :
condei G TRHT L Trenigpicth BFt 1B “PORTR By Prager Sidre
ef fecti Pﬁbﬁftotpﬁ’@fidih%ﬂxe@éé&lﬂ%bﬁdﬁﬁti{/@_ﬁ?ﬁ, & ®pWYattiofihel sBparation

that the part of the first conductive |ayer covered by
layer Hi8Y be seraeste dp eyt PHbpthp clRpgte B Ce %\5 9P pagt of the

sepdTRNSFEr My il SeRERH ®F PoREhil AXRE lsdxﬁ%lé B8 PolishB until the

protection’layer may subsequently 'be renoved after )
elonggiglsirnefuregeaghessie tisslbior Wiprryripee, phihp sithpla gnas depohdhed until a

- rding. te. L invention the gate length is ,
(hm§%§é¥%$%egc$ﬁ&gﬁieliable way because it depends on the

t hi ckne&somdér tbhscrene thecbntae arayodthearichgate striaetuterrnd iresssond

f theprotecti.on | ayer ich nay, be, spun onto the
coniitt AP FesliBfly S o Bie Sl Bk iing PergPh fat e be
conemw@lt. A tg@}z’eckiﬂn bilf?tihs el&%gz}t@ ﬁdnwﬂirahi_%% @aﬂs fg)amncfoia{]qra[’fﬁi iﬁﬂﬂl_ﬂ‘ale second

ere the gate length Is deternmned by etching until a
condueive Lagyer, Hegrby fraliainganjaproved elCirisnbia hebgrsP thecelongalp

struSBRANA WM defbndontigivelLB. ng time which is difficult,
in particular when the transistor has relatively snal

di mensi &hesesgathcanduetivg laygrsonashbredl ang suitableymnatpnds, erg. g metal or
e ti e ' '
L2t ABEERIS, TR YL B AAOHAE e e o
condiicting atateristsy sich as smdivfintn seide (10 0y oRtgusetindechduyctive lapgr may be

proxglg%ﬂ,\gih % Férﬁa?rg&ﬁc?%?s%&us]}%ﬁg}t@{) rgf;ge”hﬁ%oo”f&{, s%gﬁ afR tltlehr%nge 50-
500 nm, such as in the range 100-250 nm. The substrate and the second conductive layer may
be electrically connected by the elongate structure, and depending upon the conductivity of
the elongate structure, a conducting or a semiconducting connection may be obtained.

Photoresist may be spincasted onto the polished surface. By means of optical
lithography contact areas may be defined in the photoresist, and the second conductive layer
may be provided in accordance with the lithographically defined areas. The second
conductive layer may be provided in the form of contact pads.

According to a second aspect of the invention, an electric device is provided,
the device comprising:

- a substrate having a main surface with a protruding elongate structure in
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A separation | ayer may be provided for electrically
i nsul ating the second conductive layer formthe first
woaouatizve | ayer. The separation | ayer nmay beprof/isiotR051634
Prior to providing the second conductive layer, a top
part of the separation |ayer nay be renoved to expose
a part of the elongate structure. The top part of the
L.QD: er renoved by polishing. The
elecélggn%rog&%taqglt%g%ﬁ%?#%%é%%untiI the el ongate structure
- r eachesa fitsecargactivieilmygr beipg slectfiedly, inprlatechEomaheivbsiag and from

e | i shed .unti.l desired thickness |s abtained.. In
e R S5OR oL Bt B PRSP e Bt g e
elong4te bigdctire odtd 1bd}gh,IRE fabafisctondecthv@yfer dacing the elongate
sel ;ct,i vely etching of the to art of. the,
structarg Aavipg 8 thisknpes Perpapdisalag i RpEP U iace BcR iseithgilagger or

smalld}Sh] LRLRE&s BF & HaldifiBs PEYioh BEe Biest chSRERAI BY&Qd 1 nto
the second conductive %ayer, thereby facilitati ngsan

i mpr ov e¥Pcdlagdevice ds aoimpaeteniset avsen gt he cereshglane MOSFET
devidds' Zﬁé %[t@—al%ﬂﬁ'd %%Bgne}&;ﬂﬂgta%? %ﬂﬁﬁ%éd\ﬁtté ga?f)%itang—éqﬁldzq%gwntrol of

cohductive Tay any s abl'e materi
the ¢harpe carrieestiatheoshamnety as tweilers difecduat of wategaldbr the clanhéll / Au

or Ti/ Au onducti yve. pol r _or anot t . of .

conduct i 1§° ‘f‘ﬁécf‘%tﬁ?raz}sg?ms %B@Hg%fsa\fﬁgﬁa F‘gvﬁfl%igﬁs %@F?}I@%ﬁ?&)@u be
appal6ift fivacaiackheaduiick ity feftranerto teyentbedipienisi ddadibed hbrematter.

certain thickness, such as in the range 10-1000 nm

such as in the range 50- 500 nm such as in the range

100- 250 nm The substrate and the second conductive

| ayer may be electrically connected by the el ongate

st r uct uFabodimgnig ep thednyegtiemwill badeseivd st Way efexgmplerpaly,
With?eg%@g & i aﬁ%%gmb‘ghig}pnduct ing or a sem conducting
y

onnection na obtained. Photoresist may be '
spi ncasFigd! srat shethagiqutiststied ofprodeas gepsByvateethia podviding a first

optical.lithogra contact areas nay be defined in
embf)ﬁléneﬂﬁ%ftaogai??rgf‘?‘g%lﬁ?fe second conductive | ayer may
be pr ovigenlis ascheaaicidngativh bhprbdess stepsiogslaghingadtiding a
dgfi ned areas. The second.conduyctive | ayer may be
secopfl GpbagBeRHOh ARG YPIRG ST e pads. According to a

second BgPeata Rhehii®: f0MRALL BNproédds SLEChTdISed@\ré&8dihg an
provi ded, the device conprising: a substrate having a

arrayraf gpteaiopadErandisiersa protrudi ng el ongate structure :
| nel ect ¢ £k, CONL SGfenthit Fn& Hkﬁ_dﬁ%}?ﬁ) B8 1 iR fRerlch hiderals in
el

conductive Tayer ng electrically insulated fromthe
diffegens ignees ecfartd the sametdysinglan pepdst he figwres andethpgesgription are merely

exarg?%lgz% aer?dgsix:ol]ila ln?%@er contsilagreﬁ itor get the 306 %Cotfitﬁ{eepr!as%}{{si'iwgh%\éhng a

In this section embodiments are described where the elongate structures is a
nanostructure and more specifically a nanowire. The term nanowire is used in connection
with the description of specific embodiments and should be taken as an example of an
elongate structure, not as a limitation of the term elongate structure.

The nanowires described in the embodiments may be grown by using the
VLS-growth method. It is, however, important to notice that the process steps in connection
with the presented embodiments may provide a gate-around-transistor irrespectively of how

the nanowires are provided. The sole requirement for the process steps to provide a gate-
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el ongate structure over a length, the part of the
first conductive layer facing the elongate structure
woavisng7iait hi ckness perpendi cul ar to the mai n BATfiBZEs/051634

which is either larger or smaller than a thickness of

a remaining portion of the first conductive |ayer.

Such a device is an |nproven§nt over e.g. the current

RE [

o B B, P e p I, & AU PRI trvcture from
the sybsitatedl of the charge carrl ers in the channel, as wel |

as fre nat eri al r _the. ch S

ot her Z’gl"geg%a?lgwu? 18?3{]?% og}ogpltax Oavgl:#?a\téné-mﬁ}ﬁ nanow1res on a
Si subsiyaatthomnoivides ey alRp ajzebd hdi¢roepinally gebwia,isdett azx:ian‘allibwires on

reference to the enbodi nents descri bed hereinafter.
a GeyBsitifrent s of the invention will be described, by way

of exanplmgNMlafd 2\ BmbEdifkrd e tHePrédass s@d’pﬁ\i&ivré%d ih the
which Fig. 1 is a schematic illustration of process

fabrigptiqusofiarplst-yreend-trangistoy A shewa: Firstly theemmpodimes illusatgd in Fig. 1
is ded F‘t%d ae[nﬁ‘éﬁﬁseﬁﬁe?lﬂg Wi Qhbodthéht ifustedte®i @Q ejatic
iTTustration of process steps Involved in providing a
second I@rfbgdl(@elntano‘fma2 gsaprevucbwbdtamnad\lwsnestcaﬂy omad
sem1co€du|ct%r a@sﬁra’%ﬁol\% C&F&h Iglﬁrllol“\lﬁ%;erls tgr<$vspn 19s1ngl%é) %gsgrgxyvt%%ethod the
nan@ydtedis srmitackdtat AnfeSEmlts). a thbel pardele 8s are schematic and

not dr to.scale. Like reference nuner [ ) )
071 £ or ottt SRS e neodef oy fori LG e U e Fud et ielpetric layer
4 is pldQided BhH0eRe @BStrAd) ahe eF EdVetsQl (AFE of TE SIS ABPIMRBntact with
and shoul d not be considered to set the scope of the
a napvEisee dhe jaygicadiqihat least 2 seconselcthe penositso Hhavimst @615%0 layer may
e.g. ges §g1h%d%1m ?§§G§ hge 8h;i00Ra & 1Rl faV&‘tIHeg% ih$hePorder of 100 nm. As -
nanostructure and nore specificall nanow r e.
will beqomerravirdoni badow,ghei§@EF b ﬁprdmd rtredmtncalmmwlatdw@e substrate 1 from
the %a?ei(éienctrgs g% gl)l(ea% (%sl, ; e% dﬁposﬁlg)ﬁqg ?nl?gslﬂg gt ﬁ)r(])g’ The SOG
mayleigrbt af ihe mypafprcﬁdmadtl@r"mk@b ohlgvadreAIQEd Sighalr e. The

Lot ng TR aIPHLHaEa T D 10 AawvLAer s gReants

providedNDid 16 fer tnlthatl 18 tHEOERSIS i &lﬁﬂﬁdérfbfqolﬁl] @6t T8 Ikt May e.g. be
t he presented enbodi nents nay. provi

a Sitepaleyerfeperifad by Blagpa erhangadicbeicet yaper 9epe$ltlﬁlbwli%\éD> or by
atonf@ YW deBSsiBEATTOV TS Byer IDBepd @&l WREULE ?J@;ﬂé tet-r%@ram@ is

procCess steps to ‘provide a gatearound-t sistor, Is
maintgngt aivli €800 %5 Imthit syt tha goppletptnanewise lssogered by h yhin layer,

howbVel bf é‘@%p&ois &k Rﬁllfog %Botsft]&l cﬁféqg’ LBt transport properties.

In the subsequent step illustrated in Fig. 1(d) a first conducting layer 6 is

provided in the form of a thin (50 nm) metal layer. Such as an Al layer deposited by means of
sputtering.

In the next process step (Fig. 1(e)) a protection layer 7 is provided. The
protection layer has a similar thickness as the first dielectric layer. The protection layer may
be a second SOG layer spincasted on the metal layer.

The dielectric-metal interface 13 can be modified by a primer, for instance
HMDS, to adjust the contact angle between the surface and the next layer. Alternatively, a
thin (such as 50 nm) SiO, layer can be deposited directly on the metal by PECVD.
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The nanowi res may e.g. be honoepitaxially grown, such
as Si nanowires on a Si substrate, the nanow res nay
wabhews/1e71g1 be heteroepitially grown, such as | RET/IB2005/051634
nanowi res on a Ge substrate. In Figs. 1 and 2 two
enbodi nents of the process steps i nvolved in the
fabrication of a gate around!Pransistor are shown.
Firstl yTgQﬁ Fg?%ndlu tfn%ﬁ!a%e?%?%ﬂ i Foklgdln% §Ve the protection
descri be se uen ustr abe
layer f, IFIeQPheCQIH d smbfaqgent Is(ea)as dlustzatedyinrfag. ZS(DsTlmtbwkm@d 11 of the

prof MBI Okl HECHEGRLLYOD &SR OnGNGH 2 SUBRLIAY Sence
thlckfﬁatshmdy bt h ﬁlclftﬁl’IOWr f®rd. Thisahivknead ﬁﬂfeﬁbhce feSulf ing eftamlmb digh

proGRe G BAPCEY o, o Gl 0g MRG0 LB bt B eghion

layek, ShA Ry iidecbn@idtRe (43R SBIIES At BhapEleR, loBY The EOMAE faftlfbr an Al
parts of the substrate not in contact wth a nanow re.

layer he perégrared aeips PHS. Qther matstiala mew be ictshedby viiee haApRPpEate etch
meﬂ&beoggf Sfnp pft, § W%{j e é@é& usiffE¥n £1,8; /Nf @H%‘ﬁkﬁﬁé’ g Ql'gy?lﬁé

th| ckn ayer nay be i n e or
etchedl ugif® ambCl AN Inhixtves; @menankiycehed beilng WClt Gear®OS ingy be etched

. appli ed lectrica te the, subst.ra 1 from
usis BB HLEE L O G, Bl SRATY 2 dLE iy i BUPRUEHE, o
t Eer mal Tye paﬂ)lnﬁgblgliyat spi?ff(iﬁ)stélﬁj)anﬂﬁh surSOSofy cendiictihglagér before
the type provijde Tokyo. o lied Signal. In
the ¢ PTBS o Ssct wphael Pt 9 Es s Tetdl et ot P s supited that
the ?x‘o@cﬁ@ﬁ Taly & WidYoRly (§)Vblsth@ h@x‘{ioﬂ{%ﬂ arf BEthe 83601 fiRYTHRBEte@ion layer
hi ckness 12 inthe ord }()) 50 nm The | ayer may

maygheg repigt layesivhypehy layeetrstla%twéubvé agyanhy akY EisrsiHaesptructure
itself H?&h& fHus E@?%lé_lt[") ?&Q@Egﬁ% 1‘351st(lg&glﬂer%ch%dtﬂ%ﬁﬂe%u!)@}é%r may be

deposition (ALL _ ayer s deposit
remgmd;hyedliselfvmlatrub®11ri§acniahﬂt ained at T = 300 OC. In
this way, the conple owi I 0
| ayer, ﬁ‘ge co Cletg{%am & 1s & qéxenﬁ%lf 35 ﬁl Ft?ateqdlflqﬁ{b%%g), L dVered by a
sepddgjradayee @ (elm mi¢r0nmfhice) rmb latyemmpagt bepa BB Ndyieedepokitedttye

se tep illustrated in Fig. |1 (d) a first
PE@Z&G@ #’é &ayer 6 is provided in the formof a thin
(50 nm TR Eahplé AYB poBdkdd 11 &6 td surRYEY ofiBp ‘ﬁ&ﬂldvﬁﬂ: ibYeached,
means of sputterln% In _the next Brocess step
2[11

or uptilsy Jesethakaess ioobiageizy 1(h) #ddhe et thﬁﬁ@P%F"&f’eléqué%
remb@éﬂesﬁclhﬂlﬁt Apat 57 d fnolvitk W&%%oﬁ?‘th% REpatdtion laydl @;gclt(f)j Ghe top

I ayer e protectlon ayer nmay be a secon
of thapohigkest serfacamashlee repios¢d tloapbrge the contact area of the nanowire. The

removal of the top of the polished layer may e.g. be obtained by etching. A SiO, layer may
be etched in a buffered oxide etch such as NH4F or HF.

In Fig. 1(j) a second conductive layer 10 is provided as a top layer, i.e. a top

contact metal is deposited on the nanowire. The second conductive layer may be patterned in
accordance with a desired pattern, e.g. a grid and metal pads may be provided. As examples
of top contact metal pads, a Ti/Al/Au layer may be deposited for n-type InP nanowires, and a
Ti/Zn/Au layer for p-type InP nanowires. Also a transparent electrode my be provided, such
as an ITO electrode for opto-electronic applications, e.g. a LED on a Si-chip.

In order to establish a current conducting contact to the gate electrode, the

SiO; of the separation layer is etched in an F, plasma in an area where no top contact pads is
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The dielectric-netal interface 13 can be nodified by a
primer, for instance HVDS, to adjust the contact angle
woebtosaeni3t he surface and the next |ayer. Alter RariB®Oy051634
a thin (such as 50 nm SiQ2 |ayer can be deposited
directly on the netal by PECVD. The part of the first

conducting layer which is prb]trudi ng above the

L R

are rpmnovteelc FordnP Inayw@rirdssa dedactjes InfPheaeh thinebd thed Kive sstah® BECT).
the first conductive,l aver...The diff.er e in
b ckno D Seeonte anviEas 1y Bfiefi B8 RRF S adecummss

trandiitdif Thepae aroRBdHrbndislor cdbdpEisestaBai@tic b cii@f ebmneil 2, bRBurce 10, a
part of the first conducting |ayer which is, protrudi nt%
gate glsgiieder G with p part enqirgHng the @pnovyiges fnd p gate dielgetricontsgaptmghe

nandveStoR ficdiifigodd) L-shape 6A, 6B. The etching nay for
an Al |ayer be perfornmed usi ng PES. Qther materials

may be lthineda)iy (Wennlfemeieve dipnanheied ast alienabiyhprgcess
sl PAIRLE T, T P ShEP ME R R Bl Aesion
withﬁgmﬁ@a)-l@. etch;ed using HO, Co and Ni may be etched ,
' 2 S ] X{. T .
ot chad Thehegropies e aesshatintere 200 A steipeR0n s deaOha B9

meathd6F thetihBeopdepobicio 20U tHin AgmirayelayaB0 heh) hhe eql 68 deposited.
process may act as a vertical mask during the ne

I
In thg vapprsiepesaitan progess, thedheflshineg cemat of WO psieedt iﬂlﬁﬁgﬂ? aftbs

nandWite acBk ¥ 6 mhdie hori zontal part of the metal film
The protection layer nay be a resist layer which is

not st r it wwbssqueny steps (edigr Gapirgp sirwiler thetsteps desetibagen connection
Withsftié-ﬁgé)%%tlﬁ?”’ it may thus be a self-assenbling
resi ayer .

‘After etching the protection |ayer my
be r enolied, thy ndirssoictnral giffdrerica bbigickn thy gateedromel-trafilistor

onpl ete sanpl e is.subsequent|y.,. illustrated in .
resulfyig Hop (b DRGCESydleucivR m coutgplpa ity e oy i e ga-app i gasitor
resultinp Gon thE PeockRYEREcrivBy infco@nedpion avithiFGR J, ayhé gebephsdal &Pects of

by PECVD at T 300 OC. The sanple is then polished
the g3k §1¢cOfe t op surface 9 of the nanowire is reached, or

unti | arglesédRdictdaliek ReMSstPe iR RS, PGS is(thhalsd { Ehto-adBRU-
the top of the separation |ayer is renoved such that a
trangigien: The satc-aeayphitiaesister doppaigesfa dpintlha cayd channel?, pagee 10, a

gate efeoflodd 45, dld  JE i RLAs SO B he RELMHAT BTREDR.

to enfarge the contact” area o € nanow re.
The r enlabaikatofg a gate-tromdofiructue: poed ehedertieal @pnaveye afegs a

num 86 A B, SR B B e M BB S TG Sopd
georetBR0HNBe Srmidet: Fuiermayes the Wandwirdelombiteshyas chodedfdased on the
requlrgr)r/leen{t'of b ‘given %ortnggnent. For example, if a better control of the charge density in
the channel is desirable, a high-mobility material, such as InGaAs, may be grown as the
channel.

In Fig. 1 and 2 the fabrication of a single gate-around-transistor has been
described. By combining the process steps with those described in connection with Fig. 3, an
array of gate-around-transistors may be provided. Other schemes for providing an array of
nanostructures may, however, also be envisioned.

In Fig. 3 four process steps ((a) to (d)) involved in providing an array of gate-

around-transistors are schematically illustrated. The figures on the left side (30A, 30B, 30C
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contact netal is deposited on the nanowire. The second

conductive |layer may be patterned in accordance with a
wdesisredi3pattern, e.g. a grid and netal pads nRgTHB2005/051634

provi ded. As exanples of top contact netal pads, a

Ti/A/Au | ayer may be deposited for n-type InP

nanowi res, and a Ti/Zn/ Au Ia}%r for p-type InP

ond OOOREEE = G P R RRORP By L BE TR RCSUTARC I ) Gapd 91D

illustrpielthecariespreiding, sjle-dew BDtho praxeSistaphi p. I n order to

establish,a.current congduct, cont a t he te

o earr ol A bR 5B e el SRt Bthe shslitE i arg firsty
providedaThd e ws Inas B proviadt wiga whedrephyprops. ddsthlaaitickads, such as

i sdefined. The efching is_ st oﬁ%ﬁg at the gate.rret | .
goldmticlesy By Pe Broyids iy et ayg alogg ¢ FrateXpars abpestt the

nandWiteslsRE110BBQWWES, @ sel ective InP etch nay be used
for instance HC ). Thus, the el ectronic device as

i | 1 ust r bt pragessistep illyskeptetl in Biggdbenanopingeof agdnB popnother
semicOfd R ?ﬁﬁ{{&*ﬂ Q,I%gge;@g ﬁéshz%@l% \&%E%}Hgﬁlgﬁetﬁo&i rl\"f)cfngwilrccarseﬁ%protruding

current channe rce ate electro
fromvihielsulsstyprat therpoisitioh bfitpe inivtal pamiolas are, thaeky @oygided

dielectyic 5 separat.i anowire fr the .

) ohe e Rt B S IR A Koo on op ot
the dislefic ﬂ@gﬁ isarfitsieddndldtiag ﬁﬁt(eii;i@rpﬁdé‘d?ﬁfrlodrb agrmﬁb@s may be

presented. Figs. 2(a).to (c).,are simlar _to the .
ProYiicsERe ASppRe Bthogtopbiscrtiode SRR Bl o8 iqlgpsprovided on top
Oftﬁe(ﬁ)gt-({ogaucﬁhgrﬁd?&iaprocess step described in Fig. 2(d)

the el ectrode 25 is deposited SE% neans of thermal

vapor dEp&eiprcess sip.in Rig: Bidhrairsuth efurserenfcondistivemptepalare
_ g r e |
profiid DO BB al s T g PR IR Do Top of

t he nan®ims; by fdlosvimgstha peleesd stepsrdkiktratdthin Bglisdenimea connection -

t eps, (e o.(h) are sim]lar,to the steps desck] !
messat ol i b0 ol SERRARE he 3 B
addbsed dhukiaembbdifrene 0al§ ab@ighaenolire is present in the area covering the

inte;%gég)ljng {3 Qgﬁ_)]v%% Slgi%r:)lr&]ﬁrr v #%glig{%pgéi?éga%ﬁpﬁégggﬁg of nanowires

mayddoed iRt tthARSAsSdoQéring@B Hntivithhal In@MechighsPr ocess
described in connection with Fig. 2, is the

geonet r pEhpugicihe piesend veriongat bees| depqribgd & coppestion with
pref@:{r&f&ﬁ%’ilﬁelﬂg\ﬂ 5 Sofitehddd4s bE Blngda tdHnE 'slgecifg:(fo)m k& fhtHferein.
al so a gate-droundtransistor. The
Rathyattbe spopeinfithe peaseitsnvsntigoigpimitsd onky byrthé accompanydng dlams.

e e E s R
matefia clidicedepreparation conditions, techniques, etc., are set forth for purposes of
explanation rather than limitation, so as to provide a clear and thorough understanding of the
present invention. However, it should be understood readily by those skilled in this art, that
the present invention may be practiced in other embodiments which do not conform exactly
to the details set forth herein, without departing significantly from the spirit and scope of this
disclosure. Further, in this context, and for the purposes of brevity and clarity, detailed
descriptions of well-known apparatus, circuits and methodology have been omitted so as to
avoid unnecessary detail and possible confusion.

It will be appreciated that reference to the singular is also intended to

encompass the plural and vice versa, and references to a specific numbers of features or



Fabricating a gate-around structure based on a

vertical nanowire offers a nunber of advantages. An
wenh@naeidi gat e capaci tance with respect to thePCT/IB2005/051634

gat e-around geonetry may be obtained. Furthernore, the

nanow re el ement nmay be chosen based on the

requi renent of a given conpoﬂént. For exanple, if a
devR8d 48 holH L {oYinl hapasl ¢l

e e o B Ok AN PR A EHI0h otk GRARRRE hefres o
deviegs Myseqyienwiprassians suadhasrimeslude’, ricdepyise’, "hand, "havdie"incorporate”,
" i | cat i vd,..Sl nal e gate-around-tyansistor ha .
cont@lt hE ChetyRls S LI Spifieg } Mo bhBbe pRsRly GRf rpressions
are thteengesd notte dxilodeatherdrhisbeingiptddedti 9. 3, an array of

gat e- argund-transi st or e provjded. her schenes
for pr ogf%feﬁﬁf’ AR Hg?ﬁ{S‘F@ﬁ‘atEB iR by Rer %yr}clﬁ%mféhe,
refefdn8®si; i€ onlysfop Blgflty thaol £hd sBodl@ Wbt B REQARAISL BRStid B scope
to. (d)) involved in providing an array of gatearound-

oftheclfiwSst ors are schematically illustrated. The figures
on the left side (30A, 30B, 30Cand 30D) provide a
top-vi ew, whereas the figures on the right side (3lA
31B, 31C and 31D) illustrate the correspondi ng
side-view of the process steps. In the first process
step (Fig. 3(a)) rows 32 of the substrate material are
firstly provided. The rows may be provided using a

l'i thography process. Metal particles 33, such as gold
particles, may be provided in arrays along the
substrate rows at positions where the nanowi res should
be grown. In the process step illustrated in Fig. 3(b)
nanowi res of e.g. InP or another sem conductor

material are grown using the VLS growt h nethod.

Nanowi res 34 protruding fromthe substrate at the
position of the netal particles are thereby provided.
In the process step in Fig. 3(c) a dielectric materia
35 is provided. On top of the dielectric layer is a
first conducting nmaterial provided in rows 36. The
rows may be provided using a suitable |ithographic

met hod. A separation layer 37 is also provided on top
of the first conducting material. In the process step
in Fig. 3(d) rows 38 of a second conductive materia
are provided. The second conductive naterial may act
as a top contact. Thus, by follow ng the process steps
illustrated in Fig. 3 electrical connection may be
made to individual nanowires by controlling which set
of rows 32, 36, 38 that is
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addressed. In this enbodi nent, only a single nanowre
is present in the area covering the intersections of
woOheosriems1 However, nore than one nanow res, SBCIVIB®OH051634
bundl e of nanowires nmay al so be present in the areas
covering the individual intersections. Al though the
present invention has been déScribed in connection
cLAWid preferred enbodinments, it is not intended to be
Imted to the specific forntset forth herein. Rather,
the scope of the present inventionis [imted only by
the acconpanying clains. In this section, certain
specific details of the disclosed enbodi nent such as
mat eri al choi ces, preparation conditions, techniques,
etc., are set forth for purposes of explanation rather
1.t han | i Wik o?@abn% irfSan! e dRiO¥dVER, e FleBRM BRGriLRL Elfé%%s of:
under st andi ng of t e present invention. However,
a) shoul d bmvmm sibetoade (le32) hayingye mpipserfapkivithea eilqmgam structure
At Rresent |nvent|on may be practiced in
(2,%§ﬁgpnﬁ, 1% nenf%nn]nf “do not con¥orntgxactly to the
b) details pﬁﬁ/idnfg)ﬂhé hahesuefate andd thé elohgadegarctiuraigith a dielectric layer (4,
5.3 gigg#ficantly fromthe spirit and scope of this
osure. Further, in this context, and for the
c¢) purpos eer&tdnbg £36t bf’la?étﬁi (617205,136) c&ﬁpr@hﬂg@hﬁ@e@hﬂumwe (M}fér 6,
of wel | -known ap garatus circuits and nmet hodal og

2 oelfcqcosiosy ichondsiriealussdbl Skl hsagge e om the
elon%g%%ss'n}a!:tﬁr ﬁllaﬁ@tnc hd ei"@) thE B1yBRRF el sBf &6h BMg a respective

erence e sing 'S also I ntended t
thickrrse (ﬂtiai%) nenenqbbumato thevahaip syrfacee ﬂn@éirstatn@ﬂuce?elawfcf@@ng@ part

(6B RBE L onB TR Bt R Re TR il e °°

rue specrf

xeqnumhﬂhwhﬂméeﬁmuk@mxafﬂﬁ&&tces. Mor eover, expressions
such as "include", "conprise", "has", "have",
“incorporate”, "contain" and "enconpass" are to be

2. const r uatkthdll RelNast BXIditSH, Whereledie kigp stipdovididys thS sétoNRyers
are to be construed not to exclude other itens being

comprisesdhe subRd$ns9€nce signs are included in the clains,
c1)however Ptglﬁdlhgﬁk'fﬁét‘e@n(ﬁfctﬁéﬂ' Y&—Qfg}i‘r ence signs is only

for clarity reasons and shou not be construed as
c2)| i mi ti ngrovidinge pyoeection taier (@) eqviesngr pk/ef the firsysendygtivst layer

fampg ka{e e{i&t Iat%% r@&ur)%l £ PeMahrgieggf/ thE Bir ttc&ﬁiat A eh%% 2%&% é'ef&ggate

a su avi ng
snwmmﬁmmm§mqmaﬁam&th an eIongate structure (2, 34)

c3) Pnralmn ' gﬂ#?‘g‘&"{éﬁ%‘;ﬁa tre?ﬁaénn%lr 8F‘§§{ﬁfé§ gppcalgflﬂeflrgy%t%ﬁg%e protectlon layer
as adh@kectric layer (4, 5, 35), and

3. Method as claimed in claim 2, wherein the material removal treatment
comprises an etch treatment which removes the first conductive layer (6) more effectively

than the protection layer (7).

4. Method as claimed in claim 2, wherein the protection layer (7) is provided by

spin coating.
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c) providing a set of layers (6, 7, 25, 36) conprising

a first conductive |ayer (6, 25, 36), the first
woanuatizve | ayer being el ectrically insul at edpCraBobhiasic34

substrate and fromthe el ongate structure by the

dielectric |ayer (5), the Iag;rs of the set each

having a respective thickness” (11, 12) perpendicul ar

5. to the YRR aVEhARR 1ntcﬁﬁn fil $Bdreia QM Gl fr¥@din@ YIRS seh@Mbf\s an
a part (6B) facing the el ohgate structure over a

outer erdyefiihe elpegatesiitrubtursais aecagataehivited ciy (4lhe respecti ve
t hi ckness of the layers of the set. 2. Method as
claimed in claim1, wherein the step of providing the

6. set of Mathedss claimd is elirh Bewberbingheges oblayers bdnsists of the first

he first conductive layer (6), c2)
coneBih B RgH

protection layer (7) covering a part of
the first conductive |ayer facing the el ongate
structure, a remainder of the first conductlve I%
e 3)

7. faci ng Nﬁgméﬁéﬁﬁgﬁ%hgpkﬁEtdF » BEth A omppsLg dhe sk

d) renovin owaﬁl AR RARhaedivE lm@elfqmsmcma geeohd &’(ﬁldhamrlayer
using t ﬁrotectlon | ayer as a mask . Method as

beinglimicordart with@t lghshatop wisbeepiibe plongaie S,ichﬂlre -r enoval
treatnment conprises an etch treatnent which renoves
the first conductive |layer (6) nore effectively than

8. t he proMettodar claay@tin(chim 74whm‘einrhmv®s stebat)aad d) A separation

layeﬁgg §?)?IHVISV\€?M ﬁgc'g]cglﬁyé{%ﬁ L ect g ? gl &ct alleella P gl?)\,lgg%gom the

firstWogdetive RHErqb, 259 3Py ovi di ng the set of | ayers an outer
end of the elongated structure is encapsulated with a
cap (21). 6. Method as clained in claim5, wherein the

9. set of )RRH%seRABIShTIMh 8t Merkin fior eOpdaino\Re $caMRT
é@ . 7. Method as clainmed in claim1 or 2, further
coneusHpe |

ag¢rragiop pert of i serfaratign layenisiremeipddo suraspa part (9) of the

ekn%QQQH&&h%e | ayer (10, 37), the second conductive |ayer
ng 1n contact with at least a top section of the

el ongate structure. 8. Method as clained in claim?7,

0 Mot DASEIEENSIERphgfET ) Separation Laver (0
- conducti mﬂ)s{ra}é QI) Hallhg aFiddin buirduee twhith & prosudicpeldngtd stacture (2)
in eleg 1%51 c(ogtact with t%e substrate, and
- a first conductive layer (6) being electrically insulated from the substrate and
from the elongate structure by a dielectric layer (4, 5), the first conductive layer (6) having a
part facing the elongate structure over a length, the part of the first conductive layer facing
the elongate structure having a thickness perpendicular to the main surface which is larger

than a thickness of a remaining portion of the first conductive layer.

11. An electric device comprising:

- a substrate (1) having a main surface with a protruding elongate structure (2)
in electrical contact with the substrate, and

- a first conductive layer (25) being electrically insulated from the substrate and
from the elongate structure by a dielectric layer (4, 5), the first conductive layer having a part
facing the elongate structure over a length, the part of the first conductive layer facing the



9. Method as clainmed in claim8, wherein prior to

provi di ng the second conductive |ayer a top part of
woOhersgepiarat i on | ayer is renpved to expose a paCcCT/IBRP5/051634

of the elongate structure. 10. An electric device

conprising: - a substrate (%% having a main surface

With a protruding el ongate structure (2) in electrica

elon%ﬁ%ﬁtﬁ@ﬁlré/\hatvhlgt BickbdIS bérpbiRlicuddtdo thefrhdis bur€e8 ethédhi iy emaller than
ayer (6) bheing electrically |nsulgﬁed fromthe

2 thickahs(of AFGT RS PPBISH Ok éleé‘}r%m@a@‘@“g? B ure by a
dielectric layer (4, 5), the first conductive |ayer
(6) having a part facing the elongate structure over a
| ength, the part of the first conductive |ayer facing
t he el ongate structure having a thickness
perpendi cular to the nmain surface which is |larger than
a thickness of a remaining portion of the first
conductive layer. 11. An electric device conprising: a
substrate (1) having a main surface with a protruding
el ongate structure (2) in electrical contact with the
substrate, and a first conductive |ayer (25) being
el ectrically insulated fromthe substrate and fromthe
el ongate structure by a dielectric layer (4, 5), the
first conductive |ayer having a part facing the
el ongate structure over a length, the part of the
first conductive |ayer facing theelongate structure
havi ng a thi ckness perpendicular to the main surface
which is smaller than a thickness of a renaining
portion of the first conductive |ayer.



