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25 Additional advantages and other features of the invention will be set forth in part in the description
which follows and in part will become apparent to those having ordinary skill in the art upon examination of
the following or may be learned from the practice of the invention. The advantages and features of the
invention may be realized and obtained as particularly pointed out in the appended claims.

According to the present invention, the foregoing and other advantages are achieved in part by a

30  semiconductor device that includes a substrate, an insulating layer, a first gate and a fin. The insulating layer is
formed on the substrate and the first gate is formed on the insulating layer. The first gate has a U-shaped
cross-section at a channel region of the semiconductor device. The fin has a number of side surfaces, a top
surface and a bottom surface, where the bottom surface and at least a portion of the side surfaces are
surrounded by the first gate.

35 According to another aspect of the invention, a method of manufacturing a semiconductor device is

provided. The method includes forming an insulating layer on a substrate and forming a fin structure on the
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30 Figs. 3A and 3B are cross-sections illustrating undercutting of an insulating layer below the fin of Fig.

2A in accordance with an exemplary embodiment of the present invention.
Fig. 4 is a cross-section illustrating the formation of a gate dielectric layer on the fin of Fig. 3B in
accordance with an exemplary embodiment of the present invention.
Fig. 5 is a cross-section illustrating the formation of a gate material on the device of Fig. 4 in
35  accordance with an exemplary embodiment of the present invention.
Fig. 6 is a cross-section illustrating the planarizing of the gate material in accordance with an

exemplary embodiment of the present invention.



2A in accordance with an exenplary enbodi nent of the present invention.
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comprise other semiconducting materials, such as germanium, or combinations of semiconducting materials,

such as silicon-germanium. Buried oxide layer 120 may also include other dielectric materials.

A dielectric layer 140, such as a silicon nitride layer or a silicon oxide layer, may be formed over
silicon layer 130 to act as a protective cap during subsequent etching processes. In an exemplary

30 implementation, dielectric layer 140 may be deposited at a thickness ranging from about 100 A to about 250 A

Next, a photoresist material may be deposited and patterned to form a photoresist mask 150 for subsequent
processing. The photoresist may be deposited and patterned in any conventional manner.

Semiconductor device 100 may then be etched. In an exemplary implementation, silicon layer 130
may be etched in a conventional manner, with the etching terminating on buried oxide layer 120, as illustrated

35  inFig. 2A. Referring to Fig. 2A, dielectric layer 140 and silicon layer 130 have been etched to form a fin 210

comprising silicon with a dielectric cap 140.

After the formation of fin 210, source and drain regions may be formed adjacent the respective ends

of fin 210. For example, in an exemplary embodiment, a layer of silicon, germanium or combination of silicon

3
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30 Semiconductor device 100 may then be planarized. For example, a chemical-mechanical polishing

(CMP) may be performed so that the gate material (i.e., silicon layer 510) is even with or nearly even with
dielectric cap 140 in the vertical direction, as illustrated in Fig. 6. Referring to Fig. 6, the cross-section of
silicon layer 510 in the channel region of semiconductor device 100 is U-shaped and the gate material
surrounds fin 210 on the two side surfaces and the bottom surface of fin 210 in the channel region. The top
35  surface of fin 210, however, is covered by dielectric cap 140.
The silicon layer 510 may then be patterned and etched to form the gate electrodes. For example, Fig.
7 illustrates a top view of semiconductor device 100 consistent with the present invention after the gate

electrodes are formed. As illustrated, semiconductor device 100 includes a double gate structure with gate
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exanpl e, 7f0la8d a sedonli kdtd B0 RheGite ﬁmt@x@i’ﬂb'(ﬁ@’ &Y furs &t GRBANGEL08r (Y0 &8 prlQQes
consi stent . w sent invention after the gate electrodes are

formed. &P “Efgft*{;&fee'ﬁ wihiRgreas i eirerd W*dH’eRﬂ qeice pFompd feypconyentipg] SinkEGat e
st r uct ur ehilsietdbligeabefin®2 10 to2naiBiR tEd)ﬁeTecﬁM\&pZ@@daA@&%@&mlﬁEﬂ d&@@% XS5 3n

el ec tlf od S‘o%erl C&)e%?tg Pg&%ﬁ@@q}\agﬁh&nmheet{o d o? F in %l? 6116% be ulégdrag X E'n %hl% he

bot t om paortion T ¢ urroundr ng e side
surfacesS‘%!ﬁ{ﬂ’“so‘b‘te{e@ri‘i“@l&PtFSle@o@fmambﬁfeﬂ'@d| s not shown in Fig. 7 for

si npl : city. Themémiplehedidion e ;sr&ggsca&sa i® Mk radi Qn(![gﬁymﬁghﬁgbuh\ﬂ odi@@ﬁ%r For
exanpl e, .n- an in squrc

regi ons ﬁi} O&%‘%g C%éb‘g “‘T‘K es%%h%) 'IU ?“% 3%“32 p%‘ﬁi 38‘&95 By ?"f“‘éﬁg es may
5 be sel putiedly bazeel i elelrodpgiQ and @20 rn Bisdmdenehiaions @cpLif he peedlsrodeE0Id

or di par Y7ﬁ)Kﬁa5' be §e9m-§t&_’y ﬁas@({ &lhemslé!i ﬁll an‘cuﬁQilnge tﬁe? aregﬂéch{'gl);cﬁsc&m& Cfﬁ fbh gzﬁ:‘l g{hé}lbp

i ITp| ant ation process based on the circuit requir such st eps are
not di st 8% dYr frampl-in this "ml%watwatgats legsiodrui 1) n@b@e&sﬁs@ vmhe differentypltagg thanh e
present pdidiairdéda m20 Hased anl @é ﬁdnﬂ:ﬁlar &bﬂﬁﬁ@ir&menﬁpﬂﬁ@éﬁem%laﬂﬁtth@g@t@i xhéfedﬂﬁ teor ned

esent tati f th
prior togq éxﬂ)ehtﬁ/ (%lee con%ug:% deVICE(:) {b! dgp g{rlcugpfs%g uf“é’}fl‘?%‘inr %a{ﬂ ec‘F"g‘E]J(h Héen({]go )

source/drain has&d on
Acti vat i with rammlmtwg impities héwcrbienﬂmwpeaté deatredt 2Qardoice vatae t he source/ drain

regi gns 220 apghsdshtcorddibe Wl@l@ﬂélp'f'ésé}gln&eﬂmnc@&QHQEﬂ Fxﬁ%“f"d%cel@fgmjetll Wigsjpated in
Fig. 7 is a double gate device with a first gate 10 and a second gate

720. The h@%ﬁ*é“’?ﬁeﬁ”é‘f’ i theghagnel fegign ofghe deiger é&m@geevﬂYe@e ?ﬂ’i"f"&&‘é’ﬁ‘“’éﬁ"f?‘?“ﬁ 8023?0 and
provi desshos ethiebittiavin.Olh adiiitioh ol ptd3éht ibvdntion pRevidesis@ehsdiiTiatibibly amicald Be epsity devi ce,

as conpajed. Lo QM FinFET, while enabling the fin 210 to
mai ntain the d‘lng)lcgctr?%tlh ap 530 that protects the fin 210 during gate

etching. In 15 addition, the gate material 510 that surrounds the bottom
portion @ mgBMg@mmgae used as athird gate in situations where a third

gate (? lectr Od?n som é/ 1mpFementa ons, lgnFET may require multiple fins. Figs. 8A-8E illustrate exemplary
processing for forming multiple fins. Fig. 8A illustrates the cross-section of a semiconductor device 800.
Referring to Fig. 8A, device 800 may include a buried oxide (BOX) layer 810, a fin layer 820, an SiO, layer
830, SiO, structure 840 and polysilicon spacers 850. Fin layer 820 may include silicon, germanium or a
combination of silicon and germanium. Layers 810-830, structure 840 and spacers 850 fnay be formed in a
35  conventional manner. SiO, structure 840 and spacers 850 may be formed to have a predetermined width based
on the desired distance between the fins that are to be formed.
SiO; structure 840 and layer 830 may then be etched, resulting in the structure illustrated in Fig. 8B.
As illustrated, the poly spacers 850 protect the underlying SiO, from being etched. Poly spacers 850 may then

5



In sone inplementations, the process associated with laterally ugd?r cuttl ng
the buried oxide |ayer 120, described above with respect to Fig

3B, may beVByPHOSEE* resulting in two electricall y and BRYAIS2MB032663
separ at ed f the
date ol ooty RnEu S ELAARED g 86 HElnephon b bl B0 SURT Al HencE3FA 08
circuit siSHbectinhans masietogfofeeiche fm@ﬂ}ﬁ“dﬁ@'%ﬁﬁé&:@él"ﬂﬁ@hﬂ @itghSQatTﬁé& pask piqe

fin. For easddied, with thbbihidgthRRRE bdhe Qfcon Bk RS, RE1IERNESHO fifBuskRdld ased
with a di %f eéErBt vol tage t han éTr%ate el ectrode 720 based on thgg[gartl cul ar

circuit PR Enner (R SREERE o B LS PRy erRed distapes 2R PR SR LM e
flexibblity of Isehdroqiaheothtns, d BMFETEwihG(raishd kéurg/dein iy bt decies. Bjgs.9Aland eBlget i on,

gate el ethIo?sCLQ?qusQudI@%ﬁ %lerg@@?gr e%gorr}o Igiﬁfngﬁ FRFEP Wi RE: gg@ﬁk}a%'rﬁgﬁons

i ndependent rom ga i ce versa.
accor danc@e‘(ﬁmnﬁ tot%%&rdé‘g@rﬁ’f)o inplydsm2 B@X laver 90 sifitas Jayer9a0, Bt P3Eamddidevalapicers

formed w bl arhlaée mgé}gmeku@m@s)e ﬁﬁxﬁéd'u%‘cdn%n&&h@l n&hﬁpnﬁkmn&gum 9wm4ymeeta@w ce.
e resultln structure exhi nel

Advant age a

behavi or. %?% ‘};‘B%I‘“iot"ic‘?f?fa‘"ﬁ%’é’“ SdbahtpriopNraishi 8% Of)'ﬁ’%i}lfca'é@m?‘ﬁc%ré’&saé‘&e% exibility
and can beowaslrdinimplanitieg may @pherifaihal t¢ dipe éia sovtuaidtainiegine asillngated By HeRTows in f
ENVBCODI VE L Fl nEET i ns.
Figs. oA O 11 TEpPRmRl 1B EHERLE b el o oL AA ol B i Pl

Fi g. 8A i Firp§ryasife@sntt-he cross-section of a sem conductor device 800.

Referring to Fisger @foud@hit an&QQudmys ueaalouglete@abwch@dplaxxhx%wﬂm) Jr &k
810, a fin 8r 20 an SI Q2 | aye struct
Her?é m

pol ysi lico £ PEFEgMmed [fisp Qf/g ghé"zf(ﬁher'?%‘ﬂyce dﬁa(‘,'] TRESSF | S(%‘ﬁd ’“Eér%ﬁr{f M or a
conbi A4t i oronsf, tlmscbqrqg@rmramgllatgmmn impinnted wyfermsS/I3 uPeti@ B0y thsdesited togation BOwed byl
spacers BQQSE@gm&@s thd? Fa‘{’é@sUlhé SurBe/dan 1%85%6 ﬂatthxg’ﬂ?rlner”@;é‘:%ﬁﬁmg @vfégmale&iﬁﬁxﬁ HHd%ec340
and spacers 85 formed to have a predeterm ned W d based on the
desired diPEpSIIFRNES %’@ﬂ“ﬁ“ﬁe fins that are to be forned. Sl 2 structure 840
and | ayer 830 I‘Hiiylc bxbﬁbushaqumerhadmerbmwcﬁk A@ails Aretsél Borth stidhQf tpbcificinhakerisls,r at ed 1 n
fF'r g-m ﬁ?a g sé?c ur g%ﬁ? é'gdessgs Stc. HQQ‘%{,%%OD%SV‘? fgl\th80§oo P\&,ﬁg‘%‘:t t%%e?iﬂgn%n@& S @2
2004/ @9880@‘"?@%9@%@#\08@868‘ Usefavt@mé’dut reserting  the spegifiedttajlyserpigh heg@: bFi n

llayer 820 oiBinddd&s, WRf kEdwh pREestifl sBuchRRRER b QIR dedTRA & detattid fadk Rt 10 Si O2
acting as a mask t%zgrotect the fin mterial belowthe SiO2, as illustrated

in Fig. sBM™eqyE g0 the pieseRt iEP®@Pched, with the etching term nating
on the silicon The dielomdiccand enlnducﬁ@saykrts usagmlmnﬁfhmxrmg\mseﬁﬁcnﬁu¢t¢rldemﬂxeetce:ﬁldana Fig.

8E. In thig, %EQ?&HJ&A@O&& amg Gsifed Qﬁcof? nt§o§l q?p%si@onggcm@teg E%&&Qplﬁ ki bAEES

apart from eac er | rai sed
sour cefdr dchriqpay suskasgasqus weres ot%% pxgwssaﬁ wclggn%lpe pregsprg €Y DSBRGVIY Ard eaanced

illustrat |ovg)@menp&aa5ye,ﬂﬂ@e@55| ng for form ng a Fi nFET with raised
source/drain r 900 i ncl.ude

. E‘@ Tese \/ nt a gbgg; '5 9, gct %ﬁle- ndu 86&1 BOX
| ayer 910, silicoR ﬁ%‘y'éf ’5326 ppé‘a[ B3HDT4H §’i"i§é’ §?§%5@\9% GrGVrhETe
| ayer s/ st mpertulale & FiiE Thdevidep witedisignfeaureseil @8 aodh bellowrdihapesent Tiventign i appicrbleay er

920 may be, &t LheHon HaRorvitiohdl e§&§én9&!nﬁu‘cﬁ)b BevlcE9L:QR6hes Y& Lﬁeaota&n@%nm ely

10% of _the silicon remnains, 10 sourcel/'drain 1 npl antation may
be perfor PEEr o avoirahesutipadhedbrust eksheresens inveagory i praciging the RRESER VRGO FOREREONS} 1 ons
in Fig. 9hotolitivgraptiing ewcidigatdiniquearé EFpIcyEd k) Horte, TR eiailbCf bidiStedhmigyed Bave@ hotp- t ype
L mpuriti e%eetrjnasgt?orth%ereltn Dnedegﬁ.r ticular
Only the preferred embodiments of the invention and a few examples of its versatility are shown and
described in the present disclosure. It is to be understood that the invention is capable of use in various other
35  combinations and environments and is capable of modifications within the scope of the inventive concept as

expressed herein.



circuit requirenments. After the source/drain inplantation has been
conpleted, a selective epitaxial gromh (SEG of silicon |ayer %ﬁ@ r@ﬁ be
performed to rai se the height of the source/drain regions, as i Br ed
in Fig. 9B. In this 15 manner, the sourceldrain inplants nmay be inplanted
to form S/g @qﬁﬂ@@ﬂg@g@ I%he desired location foll owed by an SEG process
that rais inregions. In this nmanner, the resulting device
may exhi bit reducedA gatiasiductor device,&bshpaisingl esi st ance. I n the previous
descriptions, nunerous specific details are set forth, such as specific
materials, stPSEPSHAE, chenicals, processes, etc., in order to provide a

t hor ough under%%qialﬁggqgggg I ﬁ%ﬁ%ﬂésﬂb@%@t@“on- 20 However, the present
c W

i nvention can be pract out resorting to the specific details set
forth herein. hdirsitdatr formed an tesinsulating lkywthepfiiscgas hingng b Dashiapeds have not
been described in detail, in qrdet.not to _unnecessarily obscure the thrust

of the pr&WSHSCPHRMAHE hannelregion of e semicondustordenises @0d | ayers used in
manuf acturing g ity BPYHE Gurflle AGAS HRALE andth bbb Suiths ent
i nvention can be deposited by conventional deposition techniques. For
exanpl e, méeedin thedottom supface axhatilepses potioatof ds: side sunfasest arp esraihdéd/D
processes itﬂél:}rii‘ugi Qg | ow pressure CVD (LPCVD) and enhanced CVD (ECVD) can
be enpl oyg&. 8 %a} 'sent invention is applicable in the manufacturing of
doubl gggat e sem conductor devices and particularly in FinFET devices with
design features of 100 nm and bel ow. The present invention is applicable
to the formatién of Thaypewicopdudtendsvioppd slaish 1s émtheoneluptising:devi ces, and

h , detail f. .in 30 ord [ ' h
hr st of e Bracadtats CERPA B RS inellet ago feposhe BUR bP R e OB,

convent i ot firspgeré.ol i t hogr aphi ¢ and et ching techni ques are enpl oyed and,
hence, the detalils of such techniques have not been set forth herein in
detail. Only the preferred enbodi nents of the invention and a few exanpl es
of itssversatihity loi | i r t . discl ire. It
IS to%%e under 3f oodq{hﬁasiéa&wgd@r?l%ednet@?%;bfic%?%alpg’t})‘% %?%&legggtrgaﬁe éx?g‘}l’."‘%%s ot her
35 conbi nat i ona fasgatnelectondedodatedoand first sidpethefinf andotictoipdateons within the
scope of tpe iglvent %ﬁ\(e concept as Expressed herein. 6 12 APR 2007 WHAT IS
CLAI MED | Slectiodedogatpd aimrpposite #de pribe fndrgm the firgt sataelsetbeder at e;  an
insulating |ayer formed on the substrate; 5 a first gate forned on the
insulating layer, the first gate having a U shaped cross- section at a
channel regi ondof t Ahesemicoodetiot davictefictam;3, ahdredn fherfirktapaten@neprisbair al i ty
of si dg suhf aces, g.tl.og surface and a bottom surface, wherein the bottom
surfacl adb'catt opeQLHlgonanG gIMAaBM-he side surfaces are surrounded by the
first gate.

5. The semiconductor device of claim 2 or 3, wherein a portion of the

first gate surrounding the bottom surface of the fin comprises a third gate.

25 6. The semiconductor device of claim 1, wherein the insulating layer

comprises a buried oxide layer.

7. The semiconductor device of claim 1, further comprising:

a dielectric layer formed around the plurality of side surfaces and the bottom

30  surface of the fin.

8. The semiconductor device of claim 1, wherein both the first gate and

the substrate comprise at least one of silicon and germanium.

7



10 2. The sem conductor device of claim1l, further conprising: a second
gate forned on the insulating |ayer at an opposite side of the fﬂZ”AFW@W
the first gate. 15 3. The sem conductor device of claiml1l, wherein th

first gate conprises: a first gate electrode |located at a first side of
the fm and a second gate electrode |ocated at an opposite side of the fin
fromthe first gate electrode. 4. The sem conductor device of claim 3,
wherein the fi9st gdihe secmignilsder dfceaif daimst, wheecinthedhdulating layedl ger mani um
5. The seni conduct.or. devi 8 of claim2 or 3, wherein a portion of the

first gat 80@8'9??%1?}1“&5% BYi't om surface of the fin conprises a third

gate. 25 6. The sem conductor device of claim1l, wherein the insulating

| ayer conprises a buried oxide layer. 7. The sem conductor device of claim
1, furfher conpfi si ridte samitiontiector dayideanfetaimol, vdwtrein therfth ¢dmeprisesiatal i ty of
side surf n he bottom 30 surface of the fin. 8. The sem conductor
devi ce of ?%aﬁg?%o%,ssl\l/ﬁ%ragflﬁe%%m?he first gate and the substrate conprise
at | east one of silicon and germanium 7 1 2 APR 2007 9. The sem conduct or
device of claim@8, wherein the insulating |ayer conprises a buried oxide

|l ayer. 5 10. TH&. serfihesaaigondvctordavies affclaimal, further wpmpesingtawoufden conpri ses
at | east ik . i . 11 .The sem.conduct or devi ce of
claim1l, f %ﬂﬁ;}%ﬁd %g} r?%’?fe?f"??gg rr%[&gig)%’wg gﬁ% lrnéléifl%?g E?P{‘ar %{ld éﬁc?%raerﬁfpgﬁmfeor med
above 1bhe firstand aédongd ehdy€thedid adj acent a respective 10 first and second
end of the fin. 12. The sem conductor device of claim1l1, further

conprising: a dielectric layer conprising at |east one of a nitride and an
oxi de T or med oual Thilgri@Fhilich 3EFcLbe Ll 11 fibthed Corrtitisird: TRt iOfayer
manuf acturi ng a sem conductor device, conptising: orm ng an i heul at i ng

| ayer on aomphisingat Eastfomewif agiteidé and ai oxide fortnedrovehihe itsissurfate oftheayer, the
fin structure having a plurality of side surfaces, a top surface and a
bot t om surfface; 20 formng a dielectric |ayer over the top surface of the
fin stgucture;

13. A method of manufacturing a semiconductor device, comprising:
forming an insulating layer on a substrate;
forming a fin structure on the insulating layer, the fin structure having a
plurality of side surfaces, a top surface and a bottom surface;
20 forming a dielectric layer over the top surface of the fin structure;
forming source and drain regions;
etching the insulating layer to laterally undercut the insulating layer below the
bottom surface of the fin structure;
depositing a gate material over the fin structure, the gate material surrounding
25  the bottom surface of the fin structure and at least a portion of the side surfaces;
planarizing the deposited gate material; and
patterning and etching the gate material to form a first and a second gate

electrode on opposite sides of the fin.

30 14.  The method of claim 13, wherein the etching includes:

using HBr to laterally undercut the insulating layer in a channel region of the

semiconductor device.



form ng source and drain regions; etching the insulating layer to laterally
undercut the insulating layer below the bottomsurface of the f{nAPR 2007
structure; depositing a gate material over the fin structure, the gate
material surrounding 25 the bottom surface of the fin structure and at

| east a portioRgof tyh j :es: . [ t he i gate
material; and g%mhﬁ??%ﬁﬁ%% éﬁ‘ﬁﬁﬁcﬁrﬁglggg é%&nt%{}gtre 1%1“1@@&%1%?% first and
a second fmired oalthe substiate pncaydpoivet fin foraed oafthd ieulhting lapét, 4 diclethre net hod of

claim13, wherein the etching includes: using HBr to laterally undercut the
 neul ai1 ngR psed PHer ERawEF qf@gﬁ %mlda?tl‘f%fén_aé’@?ﬁ digletticdayer fuipeden g 1 2
APR 2007 5ile surfack$ Bhe 8 BOUGH ArfHL iR CHIMEAN ) e JUARMeE, an [ nsulating

| ayer formed on the substrate, a conductive fi n onthe insulating
| ayer,5 a dharhaerizeddn thatpghé condudtivesfin has 4 Gipst snd, fazseeondfentl had ammiddlet i ve fin; a

gate dielectric | r fornmed.on ide surfaces an bottom syrface of the
conduct i vB&° ﬁoﬁﬁoﬁaﬁ%‘e‘beé‘w%’entﬁs@r%n@?fﬁaage %W%f@b“ &‘ﬁ%ﬁé‘f‘ S?WQH(?B uctive
fin has aafeldiglos@Néh (1R iAREARY 1974 28D thetmMalih RtioPRTsEpLRed B6a1 @ bet ween the
first and second ends, wherein the first and second ‘ends are disposed on

t he i nsul &splaging fayer;andd the nmiddl e portion is separated fromthe

i nsul ating layer . and te formed on t.he insul ati.ng. .l r t he gate
sur roundi ng thgggtgtfggﬁ(%(gﬂ?ﬁlgéxésu?ai@g ?.y(frsillfega%srulnggg@mgfhet%gtom %P Cportion
of theo coastlisitie viefides of thé.midlile ppeinCeHe 6érfuciiRyfice of claim 15, wherein

the gate has a U shaped cross-section at a channel region of the
sem conduct or device. 15 17. The sem conductor device of claim15, wherein

th t [ f.l t e di o ' ide of th
condbet i ve 11n'na aresbRhndTG ERE PR 1 BRAER M pBabailisi 16 < oo of

t he conduslidpeé cfdss-sectBn af hehamel eglvastiihe scgivbralicot deviad.m 15, wherein the
gate conprises a 20 first gate el ectrode disposed on a first side of the
conductive fin, a second gate electrode disposed on an opposite side of

the copductive i n ang semidhastidldctice!sPeiifds wibRRAREJa RofhphQllom Si de of
the conductive fin. 19. A sem conductor devi cé, conpri Sing: a
subst r at efirsuigaierededtmtle dizpbseden o fistsideof the conthetivafie anda sanddghicve fin

formed on the insulating | ayer, the conductive fin having a
eltectrocie 1sposec'1 og an opposite side o%the conductleve tlln. g

18.  The semiconductor device of claim 15, wherein the gate comprises a
20  first gate electrode disposed on a first side of the conductive fin , a second gate
electrode disposed on an opposite side of the conductive fin and a third gate electrode

disposed on a bottom side of the conductive fin .

19. A semiconductor device, comprising:
25 a substrate;

an insulating layer form on the substrate;

a conductive fin formed on the insulating layer, the conductive fin having a
first end, a second end and a middle portion located between the first and second
ends, wherein the first and second end are disposed on the insulating layer and the

30  middle portion is separated from the insulating layer;
a dielectric cap formed over a top surface of the conductive fin;
a gate dielectric layer formed on side surfaces and a bottom surface of the

conductive fin; and



first end, a second end and a m ddle portion | ocated between the first and
second ends, wherein the first and second end are di sposed on the
insulating layer and the 30 middle portion is separated from t heAPR 2007
insulating layer; a dielectric cap fornmed over a top surface of the

conductive fin; ' G I i d a
bottom surf aceao te%ﬁiérﬁedg%{ﬁ{ ugltlslrl{l/@nig%ﬁrhﬁg ggﬁ %“@%88%@?‘33@% ornmed on
t he i nsul and sige barfaes of the ngjddle petioroefitié nondubtiveoiin tiohnst befngdformed] si de
surfaces of the mddle tion of .the conductive fin and, not being forned
over the ﬂy%rltg%flﬁe&gﬁbcaﬁ?%%?’ﬁeégwﬁgptPHé“rtr%?ﬁ? of the cuducivedifle conductive fi n.
5 20. A sem conductor device, conprising: a substrate; an insulating |ayer
formed on the substrate; a conductive fin fornmed on the insulating |ayer,

t he cohductive2fin Hasanngomgluctor devicgredmpaistngcond end and a middl e portion

| ocat ed bet ween tgsgwfti,rst and second 10 ends, wherein the first and second
ends are di spogésa %he insul ati ng | ayer and the mddle portion is

separat ed fromah heuidfing llatet fmedalthe sutdah@; di el ectric layer formed on side
surfaces and a bottom surface of the conductive fin; and a gate fornmed on

t he i nsul at i ngalcapdictive fia fommed enithe dusuditing layes, thoconductive fimbaving 8 and si de
f i i.on. ductive fi in t te h
o et ants s G RO ORidle pRaR RRAG veltfech it sl Fiiefpnd 0 © "

seni conduehds; wherdi the f2dt andRecohd rnd oA idpdkediayihe énsafatiah dyel 2 theherein the

gate corrpri,a‘?s a first gate electrode disposed on a first side of the
conduct i vEIfdIg PeHipnds senarted famdhe msulating layete di sposed on an opposite side

of the conduct iaggef(gae?nzig'lay-gp?orﬁm%ﬁioﬁ%pgousgﬁéﬁées%ﬁia gug% sﬂ@#%ﬁge wher ei n

the gate conpri Irst gate ele I sposed on ‘a Side of the
conduct i veorductivafinpamind gate el ectrode di sposed on an opposite side of
t he conductive fin and (ft ”Li r.d gate el ecthrode 25 di sposed on a bottom side
of the conduct ia\gétterﬁ)ﬁme qupythe insulating layer, the gate surrounding the bottom surface

15 and side surfaces of the middle portion of the conductive fin, wherein the gate has a

substantially U-shaped cross-section at a channel region of the semiconductor device.

21.  The semiconductor device of claim 20, wherein the gate comprises a
first gate electrode disposed on a first side of the conductive fin and a second gate

20  electrode disposed on an opposite side of the conductive fin.

22.  The semiconductor device of claim 19, wherein the gate comprises a
first gate electrode disposed on a first side of the conductive fin, a second gate
electrode disposed on an opposite side of the conductive fin and a third gate electrode

25  disposed on a bottom side of the conductive fin.
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