WD 2004/ 068571 PCT/ US2004/ 000966 TRI - GATE AND GATE AROUND MOSFET DEVI CES
AND METHODS FOR MAKI NG SAME FI ELD OF THE | NVENTI ON The present invention
rel ates generally to sem conductor manufacturing and, nore particularly, to
5 triple gate and gate around netal - oxi de sem conductor field-effect

transi stor (MOSFET) devices and nethods of making these devi ces.
BACKGROUND OF THE | NVENTI ON Scal i ng of device di nensions has been a primary
factor driving inprovenents in integrated circuit performance and
reduction in integrated circuit cost. Due to limtations associated with
gat e- oxi de t hmgkxe®wsss 10 and source/drain (S/ D) juncedrars2adepides, scal i ng
of existing bul k MOSFET devi ces beyond the 0.1 m process generation nmay be
difficult, if not inpossi BREATRERD GERFARSUND MOSELPEE S nd new materi al s,

thus, are likely to be neede&NiMETHPDS BORMEENG pME or mance. Doubl e- gate
MOSFETs represent new devices that are candidates for succeeding existing
pl anar MOSFETs. | n doubl e- gate [ %25% e of two gates to control

t he channel significantly re%%%sogF ‘O‘I"@channel effects. A FinFET is
a doubl e-gate st r‘iﬂ"‘c&“’ﬁ"f‘%‘“’f“ﬁ?ﬁ‘t‘e IR BRSBTS PE ARt i cal fi n.

Al t hough & doilbbeagattearaidmyieloridegemicodpctorfiefFaEer: qassisigr MPIFEP) deviees endimgthoing  pl anar
MOSFETs i n | apsaktg uafdevkabri cati on techni ques. The Fi nFET al so provides a
range of channel |engths, CMOS conpatibility, and | arge packing density
conpared to other double-gate LI RGNS E51 OF THE | NVENTI ON 20

| rpl enent ati ons consi stent 'w t he invention provide
triple gate and gatieeof Srigdimersior rRET agevAndestr direp TR FEUET PerehE@Rtf act uri ng

t hese devi ceserformmepniedagipecibtescphdis ten Dua/p nfitatols @ssqoiptpdrnirh ple-edde Glickriedye

i nventiongp aartd@dmpé/@aug@bﬁmags @lktﬁsqeahzdefeﬁl&m &mm@gﬁrq&mstéy@h gle ©f fffkesd I aNSsi st or

g :\/(?SFE;I’) t Ihgc }gelflledra%mn nfay ge d?ﬁcu t, if nogm%oss%le %ew dlevtl;cg Etl:fl ?‘ets z% ne(x:x)/r r];grl(: e?h?é aar'eg:h%g)é tg % df IS r Zte of

the fin stru&ete‘ii?@m@f?ﬁcfgﬁeéf"”flﬁ@: first side, and a top gate 25 forned on top
of the fin structlepkiezatt HOFHDIdmeEnt spyperdts thegregatidcgprourtelinh/B8EEMNtenc| udes
mul ti pl e fi nsgosyeTt. il GivleghctevsmtTs, igaleof 15d dakkad ddkndl hebiinaghifaaiagpases one of t he

fins, a %@comt-élgrggx@&; A SULELAT &cmﬁlmgud@sqk@&a%e@mgnenﬁa wpne of the
n a pottom

fins, ato p Aﬂl O I‘ n;geu%te sgmcture ﬂ(x)e qulFéjf 150 sgmlar to e]eust%l%planar EIOQIIETS ué GIOTt zmQ §abr%c‘%on

gate structufe t er one or anot her
aspect, a netHsiger dhe FrBrHsnRe e Bese Pfﬁhaéf’eNt%Pi§'MqS§°”tB?“b‘W -Judpree lEFI“l‘%“grr\et hod
i ncl udes f ongmitngmperefl jopthg tiqubledalgstectigas. a substrate; form ng sidewall gate
structures adjacent the fin structure; and formng a top gate structure on

top of the fin structure. SUMMARY OF THE INVENTION

20 Implementations consistent with the principles of the invention provide triple gate and gate

around FinFET devices and methods for manufacturing these devices.

In one aspect consistent with the principles of the invention, a triple gate metal-oxide semiconductor
field-effect transistor (MOSFET) includes a fin structure, a first gate formed adjacent a first side of the fin
structure, a second gate formed adjacent a second side of the fin structure opposite the first side, and a top gate

25  formed on top of the fin structure.

In another aspect, a gate around MOSFET includes muitiple fins, a first sidewall gate structure
formed adjacent one of the fins, a second sidewall gate structure formed adjacent another one of the fins, a top
gate structure formed on one or more of the fins, and a bottom gate structure formed under one or more of the
fins.

30 In yet another aspect, a method for forming gates in a MOSFET is provided. The method includes
forming a fin structure on a substrate; forming sidewall gate structures adjacent the fin structure; and forming a
top gate structure on top of the fin structure.

In a further aspect, a metbod for forming gates in a MOSFET is provided. The method includes
forming a fin structure on a substrate; forming sidewall gate structures adjacent the fin structure; removing one

35  ormore portions of the fin structure to form fins; forming at least one additional gate structure under the fins;

and forming at least one additional gate structure over the fins.
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In a further aspect, a nmethod for formng gates in a MOSFET is provided.
The nmethod includes formng a fin structure on a substrate; formng
sidewal | gate structures adjacent the fin structure; renoving one 35 or
nore portions of the fin structure to formfins; formng at | east one
additional gate structure under the fins; and form ng at |east one
additional gate structure over the fins. | W 2004/068571

PCTI US2004/ 000966 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng

drawi ngs, which are incorporated in and constitute a part of this

speci fi cati onwo sdshssstir at e an enbodi nent of the i nventicamsanghossoget her
with the description, explain the |nvent|on In the drawings, 5 Fig. 1
illustrates an exenpl ary pr R PHIHEDRAYINGSt ri pl e gate MOSFET in an
i mpl ement ati on  CnSdosiaBRE divilgh wﬁ&h@reﬂ&drdaﬁﬂe@h 88 cordfirud 1Rt braNeRdiAcR0:, Fi gs. 2-6

illustrate e&ﬁgmiaqga/bo&&eqt%ﬁﬁeﬁsv%m&aéogm\@r@\aﬁheqisg gegpm eg\%&@ MARFET

fabricated according to the processing describe Fig. 7

il lustrates &A™ "®enpl ary process for fabricating a gate around MOSFET in an
i npl ement &ti on e ChEicst exrela propest iy Ebspdogretin cals MBTFET i an ibpiepentetivnon;  Fi gs.
8-12 i || ust r adn@seaxing paitcipleif BSisvegiact | onal vi ews of a gate around MOSFET
fabricated accor dﬂla@@re mtlsgateteta&lpmy @&@@&bﬁgueggtﬁQ&lblpﬁgMbghEﬁ’agxcatez accdidi@® 13- 15
illustrate ameqégﬁp ar w%hpCFSS for mnimzing the thernmal budget required
to diffuse activ %3 4 a pol ysilicon gate; and 15 Fi 16- 18
illustrate an exeﬁ‘?p] ‘%ﬁ“ﬁ?‘e 8‘6‘@%@3%%“ for GPHri e AP ﬁWPV“‘?:FSWéH“ﬂW%E}ﬁF‘“]“unCU ons.
DETAI LED IBESGRiRT»@NbePhwireoif thgwention: det ai | ed descri ption of inpl ementations
consi stent with trpe s{)f BSERExehplateRids@fonkl S B I0S: ghtOarcubd M sSBIOIGHARGRI Ydosgz dr awi Ngs.
The same ref@ﬁ@gggﬁgyggggﬁnh 7dlfferent dr awi ngs nay identify the sanme or
simlar elenents 1§§11tt | | owi ng detalleqvg %ﬁft'onddgﬁf not |imt
the invention. | 1Lﬁ%e“§%3 & By ?BmFﬁﬁm SV eft "HEP PHEY by the
appended claﬁﬁﬁdgﬁﬁ“Vﬁ@ﬁW“ééﬁ¥Vélents. Inplenentatlons consistent with the
principl &8 of  t heig hBitrgnanpreopinteoctsy hyfireingéshigdoprdngeatogtiomr ound Fi nFET
devi ces and net hods for manufacturing these devices. TRI PLE GATE MOSFET 25
Fig. 1 illustrates an exenplary BroGes$eiQpifbricating a triple gate

MOSFET in an |npl consi nci pl. es  of
Motnti on. - H ga” Bl EE P S iy et BRI R By
MOSFET f abri @éfc@a‘l’%@érﬁ‘ﬂ?ghgm? rarpisenpy ribesia fifigendieyings rpdd iR e @gar d to Fig.

1. Wth ref eriginceentns. Spogss follbwiggtigkaild] deiitigRISS hadlgmit Vi v Iistewtl thehicogefii conduct or
devi ce 2. the invention is defined by the appended claims and their equivalents.

Implementations consistent with the principles of the invention provide triple gate and gate around

FinFET devices and methods for manufacturing these devices.

TRIPLE GATE MOSFET
25 Fig. 1 illustrates an exemplary process for fabricating a triple gate MOSFET in an implementation
consistent with the principles of the invention. Figs. 2-6 illustrate exemplary cross-sectional views of a
MOSFET fabricated according to the processing described with regard to Fig. 1.
With reference to Figs. 1 and 2, processing may begin with semiconductor device 200.
Semiconductor device 200 may include a silicon on insulator (SOI) structure that includes a silicon substrate
30 210, a buried oxide layer 220 and a silicon layer 230 on the buried oxide layer 220. Buried oxide layer 220
and silicon layer 230 may be formed on substrate 210 in a conventional manner. The thickness of buried oxide
layer 220 may range, for example, from about 500 A to 3000 A. The thickness of silicon layer 230 may range
from about 200 A to 1000 A. It will be appreciated that silicon layer 230 is used to form the fin. In alternative
implementations, substrate 210 and layer 230 may include other semiconductor materials, such as germanium,
35  orcombinations of semiconductor materials, such as siticon germanium. Buried oxide layer 220 may include a
silicon oxide or other types of dielectric materials.
A gate dielectric layer 240 may optionally be deposited or thermally grown on silicon layer 230 (act
110). Gate dielectric layer 240 may be formed at a thickness ranging from approximately 5 A to 30 A. Gate




Sem conductor device 200 may include a silicon on insulator (SO) structure
that includes a silicon substrate 30 210, a buried oxide |ayer 220 and a
silicon layer 230 on the buried oxide |ayer 220. Buried oxide |ayer 220 and
silicon layer 230 may be fornmed on substrate 210 in a conventional nanner.
The thickness of buried oxide |layer 220 may range, for exanple, from about
500 A to 3000 A The thickness of silicon |layer 230 nay range from about
200 Ato 1000 A It will be appreciated that silicon |ayer 230 is used to
formthe fin. In alternative inplenentations, substrate 210 and | ayer 230
may i ncl ude oweemissessiiconductor materials, such as gersoanistondeodss Or

conbi nati ons of sem conductor materials, such as silicon germanium Buried
oxi de | ayer 28&uiyer 4hwdy indede gpnvesipla) distpririconeiedhs, soh asat daidy (e.g.ysibiers digdide)dinel ectri c
mat eri al s. Aotﬁ@.ﬁ@leﬂnl&loﬁh&tnfﬁd&md&ﬁyeﬁch 24 QridIBiriRPla) R 0Rd & Ye R sd@ROSId@d Or
thermal | y grown Ofﬁ[ltops%q ’el&)&})@e lliy@rﬁﬁrmag(%gon%QSe dep o&'tgd(%)lel‘ ga@@l%l&tng kagLﬁSEOI florgunL ayerGaZ40

may be fornme r oxi ma te
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y tgvp trige, X %i aaof) S d'f g ? da § epely éyétle fa

forming the top y be forned at
a t hi ckness P%\’ﬁﬁ?‘aﬁ’gesﬂ’f?ﬂﬁr‘&aﬁ’ﬁf’é Fmately 100 5 A to 1000 A A number of
conduct i V@ mat er i‘edossr lapen260der haydreack) fogyoptigmibebe Blmeédntop dfeatt degteode 195030 thgr  exanpl e,
gat e el ect r otated yiifnizat BlndpBojtot ko GaeldBerodd 1582150 burifgRubfhquent brodd@isd @0130)t advéral um

al um num i gkedso mbyhbRRBEL Miudt DAL WM se mdtdls bad Ui g&'o%&eﬁa‘# abit bit @ni um

nol ybdenum et c % niumnitride,
tant al um ni t Pmtactlkg the 61tc{léﬁctr.ocle dunn%(tltnegabncanogeroc)ess éTPer Iz ayer maage d%pﬁ%“%d()n cfumxf) S materi al

(e.g., pol ycPVéWIIV?PHé‘epg?‘PT € ata“b“éi‘feif&“%tﬁ%‘{”}mﬁ‘é“a§wqoéd‘ﬁ ¥&r mani um etc.).
10 A covéd | ayer SEGO lajor30lraydiblepmiddedr 2¢Ppapd omdatc eaekid lyyert3 80 fapberyeemadiy t op of gat e
el ectrode | aydtenidbOittographit Sehnidusd (23 bikcRdnMBeafBiB) fhogainy) OdiciGer PI0QE@SEs t Op gate

el ectrode | aygps@n thQ‘HJ étcE'eQ us%EQe?l%ﬁb‘dﬁQ&hmEtre&ﬁ §s§o‘f5}9 s&&ﬁéso&%%usuatgﬂ}(ﬁé g . L:?’e[ ype

260 may, for

of mat gr i al t)%gps 8B 3 B mc “l 1r(l)ggmte ﬁ‘eecmc 2‘% B Igaée el[e'sr“S‘}déSOd’ﬂ? HE 26? H&® f abri cati on
process. Covéfid‘hlc’%fvé’lo“?Hﬂ‘g%?aﬂﬂ@“ﬁ%égﬁf"éep‘“\f or exanpl e, by cheni cal vapor
depositi @0 (CVD) Falfowie thdforodipressruauger3of, ngrtibrrodinmic piide Biyer 1PA @ byred @8 wlngt 0 300 A.
15 Silicon | ay&impR3Rsor gad cﬁnvdﬁ@lﬂ@tﬁﬁnrg .Eeéhmhlﬁsy(@f 15848 oneﬁr@dmetn@iﬂm Gal-€ox@k ect r ode

layer 250 may,bg, mtbg &hied 0¥ rangrg@rxmut%gm al,&ntstmg m&g &hggémgg gf;urtgg(gls , gg ga ;

el ectron bea

then be et chgr111 gJlfé“lzienla er\%&%ﬁ “&ﬁaéﬁ)ﬁ" eéeﬂ‘f’vﬁ‘bast‘%‘ﬁ%tf‘ﬁ ’tﬁi%‘é to formstructure 300,

as illustrated i rPidpraygatestlo f“é‘é?f’m¥4‘¥9l)b3f<8t‘qﬁ‘@tlt1‘l§fraéd 809 * (s dePPip 20, gate
di el ectri2e 2d4i@sctit bypr 4ahe o@bnelly b debsitePd Bermaln gloveOnild sid@ Gihces Fh@ucruapaddmgof i n
310 may r angﬁ)o@ﬂ' te:liqada p@&)ﬁielm ﬁl'ey435gay/%e Ho@ed @01 Mss raggngli_i@rh Lp%uﬂﬂﬂytS e, f or mati on

of structure 30’319 %ate ReafRL Ira)’elglg'() n%t' mQLHg (!ogvgntlgréll E}gctrlc %th{al gu%h as an 1§<9§ g. rsx%%gv ed usi ng,

for exanpl e, npre convent | onal ues I n one

i ITp| ement at i I?fUde)b 8xroihg d‘npgs%?natgns a silicon nitride or other matemals may be used o form the gate dzelectn
A gate electrode layer 440 may then be deposited over semiconductor device 200 to form sidewall

30 gate electrodes 440, as illustrated in Fig. 4. Gate electrode layer 440 may be formed at a thickness ranging
from approximately 100 A to 1000 A. Similar to top gate electrode layer 250, a number of materials may be
used for sidewall gate electrode layer 440. Gate electrode layer 440 may be planarized, using, for example, a
chemical-mechanical polishing (CMP), to expose the top surface of cover 260 and form two separate sidewall
gates 410 and 420, as illustrated in Fig. 4.

35 Cover 260, top gate electrode 250, and gate dielectric 240 may then optionally be removed, as
illustrated in Fig. 5 (act 170). For example, a mask, or a similar mechanism, may be used in a conventional
manner to permit cover 260, top gate electrode 250, and gate dielectric 240 to be etched, while minimizing
effects to sidewall gates 410 and 420. In another implementation, gate dielectric 240 may optionally be left

intact (i.e., not removed with cover 260 and top gate electrode 250).

3



| ayer 220 may be etched to a depth ranging from about 200 A to about 500 A
During the etching, a portion of buried oxide |ayer 220 below fin 310 may
be renoved, as illustrated in Fig. 4. Sidewall gates 410 and 420 may t hen
be fornmed, as illustrated in Fig. 4 (act 160). For exanple, a gate 25
dielectric layer 430 may optionally be deposited or thermally grown on the
side surfaces of structure 300 using known techniques. Gate dielectric

| ayer 430 may be forned at a thickness ranging fromapproximately 5 Ato
30 A Gate dielectric layer 430 may include conventional dielectric
materials, SUgH AGoedd710xi de (e.g., silicon dioxide). JdtRbddBdoosss

i npl ementations, a silicon nitride or other materials nmay be used to form
the gate di el ect rioggaeAlogay dBen ejtieGlybOLehed (@Y BU), 4 A8 Fs ke for Benpdonasi t ed over

sem conduct o rdlelgc@\{ hﬁ@lal%ggna; &anQlﬁr (40 r%oqu}@oln}xed on‘?fQ 3ﬂafn ﬁns @e{) eéé%e d19g§§ maﬂ 4‘g as
illustrated iJ F

e
t hi ckness rangi N %]“FeamatergEL)SMIar g "faterfaFusef%%ga}idielf)cm’iéﬁﬁndﬁ}ay be"FﬁeT ”é? t 0 t op gate
el ectrode | ammeszwmg §°Wt%f F?é?'ér@t&?l%“’eﬁwyte dectriq mptsriel 349 paygimdiewal | gat e
el ect r ode 3 ayersatdedrodGateda! 6D aotirogioniipierpoddBvany dierphanariorsads fodsi Ng, for
exanpl e, a GpesHoRlaB@GHad HhatAd 63D RAlyiirsie B GardriGMRYar toﬁh@mﬁaﬁﬁgéﬁortug%até op surface

of cover 260 el@t@gde 559 EMMQ degoﬁg[o%%gséss g%l %romt at gte 1%&18 toq@gé‘ and g ate

illustrated in Fi

dielectric 240 na ’tesﬂlg?’F S"’(S‘bcf"idﬁf?é‘?eY‘V z@é““?“é R‘/Fé%lémﬁg‘du‘ﬁe ey sdviln R g. 5
(act 170). Fa#e ek adspi@ate 430, pd iR gate@t0). Lonypripopl FOSHRT ddhaatios prycessimypanideusedsed in a
convent i oifal compian mettanstsor (DL Hdihibg 1@ GMELE andbih redichf) c@BdiLin@loRBlifaMdRer 200, and gate

dielectric 24ﬁe&igsfgglegglgg@gﬁospﬂm le mnimzing effects to sidewall gates
410 and 420. In another 1nplenentation, gate dielectric 240 may optionally

be left intact (i.e., not renoved W|th cover 260 and top gate el ectrode
250). 3 WD 2004/ 068571 PCT/ US2004/ 50088 M5 Igat e 610 nmay t hen optional |y
be formed (act 1887 illytte; 4o prgmitlaryaproessh for fabifeptigg 2 ste ardagt MQSKETN|pdndyplemengadne

di el ectrils medn@sehtahth BedOnciFBYor O¢hveAtA Fizys- ﬁ@llugn&géxaﬂﬂﬁry%ss fealonpeckwods agai.en 310. In
this case, gabfa ﬂb@t@ﬁsrrcateq amr@wt@gmézpdemd Vblm:eLng@tgﬁa7nﬁsc§s£1ag%lay simlar to

the nmateri al plse fo a thickness

Ctr
r angl ng fr om mw sermcon ct<1r gewge 8§El %ermcg?jlucﬁr deﬁ&ce%g) rl%élfl%t\geeﬂl SQI strlﬁ:&{e éhatdﬂdé(fe% ctric
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optional | y beredeqpidd witeetpegadiie. 3 @p@nadly, ebapdiledri laprad4e (ét al0), 24a6300ddo form top
gat e 610.20Gateg: Bb ea e a fok Byel 880 ((HBO) P frt6 b @R IBE Bl kndther S b ar to the

mat er i al use@atfdagllb;d%vegmwaa;egsw%eaf%%p and"may be deposited to a
t hi ckness rangi n%ﬂmng) A, The resulting

se m conduct or dev 6%8 ki feﬁef i %y"éémi A gﬁ“‘ el“é“"ﬁﬂﬁ?“ SPUEE TR & gat es
(i.e., sid e\A,éﬂ“Ye"“O‘@th“‘ég@h}Bt“h%‘i“ﬁéﬂﬁaFl?cf“@ &te EBDWhosrephy) Ylisey l2ye 838 2@/ 105

Con v ent i onal 34USBERETtheh &dyrched asink oell-kipvoe@BSEdNguGalTorl € studad0d, 8 illud@eddomg| et e t he
transi st @s ( e@g740). Saucite g inbies 250 shb, GRe @dﬁ%@&@ioﬂga{e [=TalMela) §5)) mndQQ/@[tS@(p =8,

I nt er ConneCt § Q&gis énml&[h r&%ﬁl’“’en 9 (<) 1de. or €. I\mFET GATE
AROUND I\/DSFETIOFE%J[:PIimma;y ﬁg‘l ﬁJ%ggﬁé‘hgy%a{ 3,; pﬁ‘%’ 1521{5 hg“? ricating a

gate around N5 tation

Following the formauon of structure 900, a portion of buried oxide layer 820 may be removed using,
for example, one or more conventional etching techniques (act 750). In one implementation, buried oxide
30  layer 820 may be etched to a depth ranging from about 200 A to about 500 A. During the etching, a portion of
buried oxide layer 820 below fin 910 may be removed, as illustrated in Fig. 10.
Sidewall gates 1010 and 1020 may then be formed, as iltustrated in Fig. 10 (act 760). For example, a
gate dielectric layer 1030 may be deposited or thermally grown using kﬁown techniques. Gate dielectric layer
1030 may be formed at a thickness ranging from approximately 5 A to 30 A. Gate dielectric layer 1030 may
35  include conventional dielectric materjals, such as an oxide (e.g., silicon dioxide). In other implementatiosis, a
silicon nitride or another material may be used as the gate dielectric material.
A sidewall gate electrode layer 1040 may be deposited over semiconductor device 800, Gate
electrode layer 1040 may be formed at a thickness ranging from approximately 100 A to 1000 A. Similar to

top gate electrode layer 850, a number of materials may be used for sidewall gate electrode layer 1040. Gate
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15 consistent with the principles of the invention. Figs. 8-12 illustrate
exenpl ary cross-sectional views of a gate around MOSFET fabricated
according to the processing described with respect to Fig. 7. Processing
may begin with sem conductor device 800. Sem conductor device 800 may
include a SO structure that includes silicon substrate 810, buried oxide
| ayer 820, and silicon |ayer 830. The SO structure maybe simlar to the
one described with respect to Fig. 2. Optionally, a gate dielectric |ayer
840 (act 710), a top gate electrode 20 | ayer 850 (act 720), and a cover

| ayer 860 (acwohdfipssany be formed on the SO structuredrvstodi@peer simlar
to that described above with respect to acts 110-130 of Fig. 1. Silicon

| ayer 830, gaitcgoddiagt @tnry t© plaaned, usB4 B exauntt, AP tgabe telpaikatevd syen 850 may
be patter nedfobytwo@gﬂwa&um%ahmbmh@gmma@dlmglimi ques (e g., electron beam

l(.ISEIB?']gl L\;PF?L?{@C\%)COW%WB to ga.r!% er8508g33tg di€] ecglc élﬂ)éned one or more por ons ﬁ%%%fo ! h%gr] Ibﬁsﬁ ;P:g

in Fig. 25 9°Rigely b"/ﬁ‘ﬁ‘)""’d FlPsEi"“tﬁ" ﬂ’g:éi ]9@6‘77091&%?&5‘%‘8 é°°f“ieﬁ‘°‘91f6“’f ‘gt el ectric
840, top @§at erdefhingterhpighe m@HOusedaqreinaprger 868 8P gateFleqyode @D&ate@qlwmq %4 edbrewi t h t he
present i NveptniodRorticABYfiddeo, Hielk iimitR dfcdtitdiRewalr@les ©WARALRD, Imbdd@rW dt h of fin

910 may ran Ie&é.ngt%h %Qenﬂeg?ﬂlcr% %Xptl@]gﬂ @h 1Ef9nté]c%99 thée poﬁallns 01%% 1’8 glaltallg gotf ormation

of structure 00 urle e renoved usi ng,
Do ool s of BB ATl kel gel G B o e T A4 750) i n one
i npl enent at i t“@ﬁepa“lﬁiﬂ“i &Y. B 2 8rs 3110 hag et BiEs frpERPEETEtE R A¢P 1009 Aa AUBPRh 1 angi ng
from abou® 20@FzALire fabidftare O An otiduirplevgntitie, mete i thgfins B10p0Y teifmd.of  buri ed
oxi de layer 820 h®le@veckt 21840 mbBY mbgany &mwﬁ%e@s%dJmlfdcédsﬁﬂﬁsah@@ctl’iéb),% g. 10.

Si dewal | gat ﬁlﬁslr;tg:lnqiwaﬂdl:o;‘cg(gz%ler@tx &J&? plzlp(gnaI' &rvg@ﬂbat% slolf ::H)§u§ {)Q‘gogb%ut%(g] Fi g. 10

(act 760). Fgr ectric eposited or

thernmal ly gr omﬂatetféerﬁﬁ 1%85’% ?géﬁlﬁtf“&ﬁﬁ‘@ar tocggd %f 8r %‘E‘T“Y“f %mlpétfféaf“’e yf@%o may be
formed at a BFFcER 8 &Y ymain gierity i puspresobine HXG mbeie figlecsic R 1G ey BEropp on@at e

di el ectrild | ayetd s@OB8Bcetyins3boi ncl ude conventional dielectric materials,
such as an oxi de Aj@udghl gaweSthdy ih&@@fome@@é&ﬁb@;)as ilihsRac QbR 12] ﬁspéxﬁm% NhiedidQas, a

silicon nitr l'ng aIQE O?AQI%LLB%EW ggs{teldg‘ver %%Xlelecmc 16}629 84%/?21% o?o z%gmona? aa?| ectric

material. A d over

seni conduct o u 2&?"8‘“@*& 1220@—5’( fen beeﬁa@B‘Fdrab‘tfé’h"F RyEr ‘hiﬁ%i‘)"‘%ﬁ? G ¥6ted at a

t hi ckness r aRgiiad2® meyritchifsp Pesielvimile foyhe bEialAset for tqr@elsarodSiyeristoard/ot 0 t op gate
el ect r ode0l ay&wal@HéklectarddiagriD@D and hnaylvldepkite@tb 5 thidayss ARing @ Gppfotifatdy Idefnal | gat e
el ectrode | aygs:2.1040. Gate 4 V\D 2004/ 068571 PCTI US2004/ 000966 el ectrode

! ayer 1040 may befgfprl a navzrlnuzc?en dctor ev1ce gOO ma mclu?)itourn@r o%%alies(a\ép (}ewall f%@lgﬁ)e the top

surface of cover % and 1020,
as il lustrat 8FHFHY: orgye 12@%(‘]‘8?“‘8’6@“ 1%4@pfs’§f%fF3éCdé‘lF Bcfr H@‘cé‘?@)my 4t e

di el ectric 8&gned exprdinsg hi€ angbotipm gage l%j’émmboh@ewdefﬁnﬂllgl@f‘omyomﬂM@WETopt| onal ly be
renoved, 28S fabrcassit fi@ds@@ can Be ubell §.condbibte (ha€hsisibr (€)Y, . forkiad theRduatbfall @5in rdgicaNVent i onal

patterni ng t eRkRl iHGnnecd Rk BlcbdMieRs l-LEI AL QiiG MBYDe used to renmove cover
860, top gate electrode 850, gate dielectric 840, and one or nore portions

of fin 910, while mnimzing effects to sidewall gates 1010 and 1020. In
anot her OTHER IMPLEMENTATIONS

There is a need in the art to minimize the thermal budget required to diffuse and activate dopants in a
30  polysilicon gate. Figs. 13-15 illustrate an exemplary process for minimizing the thermal budget required to
diffuse active dopants in a polysilicon gate. As shown in Fig. 13, a fin 1300 may be formed on a substrate,
such as a SOI substrate. Fin 1300 may be formed using, for example, processes similar to those described
above with regard to earlier implementations.
A thin polysilicon material 1400 may be deposited on fin 1300, as shown in Fig. 14. Anion
35  implantation process may be performed to dope polysilicon material 1400 with dopants. A conventional
annealing process may then be performed. These acts may be repeated one or more additional times, as shown
in Fig. 15. In other words, fin 1300 may be subjected to multiple polysilicon deposits, implants, and anneals to
minimize the thermal budget required to dope the polysilicon.
There is also a need in the art to form highly doped abrupt junctions. Figs. 16-18 illustrate an

40  exemplary process for forming highly doped abrupt junctions.. A top view of an exemplary FinFET 1600 is
5



i npl enentation, gate dielectric 840 may optionally be left intact over
those portions of fin 910 that are not renoved. The etching of fin 910 may
term nate on buried oxide |layer 820, as illustrated in Fig. 11, to form
two separate fins 1110. Each of fins 1110 has a width ranging from
approximately 50 A to 1000 AL As shown 10 in Fig. 11, tw fins 1110 are
formed. In other inplenentations, nore than two fins 1110 maybe forned.
Gate dielectric 1210 may then be thermally grown on the exposed surfaces of
fins 1110 (act 780), as illustrated in Fig. 12. For exanple, gate
dielectric 12¥%@ WRxeA grown to a thickness of about SpAvdsthoidagred 30 A
Gate dielectric 1210 may include a material simlar to that used for gate
dielectric 84Qsranlitiy rathREg 6] ingeds e fin 1dioahrgiy detiro@Atonmyd. enararEover the top

surfaces of fiibs iudskddd 1rﬁf§d17gﬁ§lﬁT ol R6d th&e rdetort Or10TB¥n Don 120 WA Rl R6. 15

exposed side gurfac 0. Add n ates may then be forned
(act 790), aSS%I Ireﬁlon I’}3(‘)aréd ramregllgnll]IZ’lO ﬁbe ianted ?A ag gate el ectrode materi al

1220 may opt i onal4Sy H5dorpapreses f%ﬂeffﬁeféﬂﬂbﬁf%aﬂtrreeorlé@?If“iyeesr%*ﬁfeélaxdeﬂos“zsml 1210 to
f orm addi t5i omethl ogetheasrce/dr@ategong fokawtdby ehanmagitzey ral: mdR AGidrayterbleiiusped pat t er ned
and et ched t Gigfi@roepdd Raygakclip itine radnel GRERLS o folkaBlgh cofb@bdd6R juikader i al 1220 may
include a material simlar to the nmaterial used for top gate el ectrode

| ayer 850 and/or 20 sidewall gate el ectrode | ayer 1040 and nay be deposited
to a thickness rangi ng from appr oxi r‘r‘&?’%‘&?%o A to 1000 A The resulting
sem conduct or deViPREreBOens pRASARt i tigaenciplenof the(ieypntigpprodile tiplsisdtagnd date gwound sj dewal |
gate 1010, Snddaicts agatedoddddABpfactuoyg ttgatiwicc 230, and bottom gate 1240), as
illustrated in Fig. 12. Top gate 1230 maybe formed over fins 1110 and

bot t om galrﬁe 1240 Mxﬁe&)gg Je&u%?nq)f elil( Cd!g?, embogj mentls gf:tlbe pr{as%l?m\{et%owrovﬂ%s ﬂlus'l\tr/%}érll: ET 25

fabrication praqocessin

form ng the §t8|ﬂ?s?f‘8“°&rtig ‘Sd?té[‘fe’i’fle‘?t‘élﬁ ’i?ﬁ‘ét)ve or t°&‘8‘h‘fwal?:"f”§‘°“ 9 thrypesrive SHRETPES and
inter-level réfciorspidygiafopyaepdsebleguiiset ofifeabprrdediDSRETRy be@THERIINRPEEMVENTATI ONS
There is a needvehdant he art to minimze the thermal budget required to

di ffuse and acti W@zte@an'glg RARLS d&cr?uonsSQJmQQJs ¥)§:§_ﬁjc b e Qo sulHla gsgemﬁJ-B' 15
Il Tustr atl% anal(,e 1? rg?lc ures chérmcqs Flrocesses etf in or({;r to %owde gt{mroug]'&réd}grstﬂlg;al Udget requir ed

to diffuse active dopant in Fig. 13, a
fin 1300 nmay ”TB%“‘TIB?"H%&“‘EW Va‘h &a%%%“?“ayff@m Thets ipplementatipnsge othern fpplepniptions i - 1300
may be f or mebe rpgticHighowdverwitbortanqing to thp deptsesrsificsllysit fyitl tawein. tInotiehipgeesdelcr i bed
above W th regefmoctsng@aktirés@ive ot Hdn @I atdbtGINS ordefuot thimRecf@iy Sichit GORusrAt eri al

1400 may be Q@Q%Je&t ﬁ@n@g IJ ﬂra&c&éi&%reseﬂ%ve%&g%}wén&ng &egosmc;]nﬂbhotd%{ﬁoglra?ﬁ an03 S5
I ITp| ant at2'00n t&l{ t%c mques &) bee 1 ye%ramﬂlenc (}ix (Eetalls opsecg teB]nlﬁ% ha\ieﬁcét?eerbs%t 0 E{Aefel& 1400

w th dopants, tconve onal ~  anneai I'hg process rmed.
These acts rrﬁ)?e“ble repeat ed one or nore additional times, as shown in Fig.
15. I n other wor d®8ile siiepof 3B prendesydedsuifpjesd togits. t and Matle bidgp bighe polmpstie] 1 con
deposits, i mpkiaind @ner 1@]&6&8&9@&3&6& ®ith tlﬁ'brﬁblemn%ﬂloxt h@reb B ioR Bebentdbtd@atay fe€qqUi red to
dope t he pol y@je,lién{gggpmﬁgwere |s aI so a need in the art to formhighly doped
abrupt | ctlons strate an _40 exenpl ary process for

|
f orm ng lk% ghly ddp efi‘% ntbact Orfnsuucﬁ‘?lné‘ ?‘61%15%8%’“? PECAER B4R S’@@‘é s Fi nFET

1600 i s as’critical or essential to the mvenuon unless explicitly described as such. Also, as used herein, the article "a"

is intended to include one or more items. Where only one item is intended, the term “one" or similar language

is used. The scope of the invention is defined by the claims and their equivalents.



5 WO 2004/ 068571 PCT/ US2004/ 000966 illustrated in Fig. 16. Fi nFET 1600
includes a fin 1610 and a gate el ectrode 1620. A side view of FinFET 1600
is illustrated in Fig. 17. FinFET 1600 includes source region 1710, drain
region 1720, and channel 1730. Source region 1710 and drain region 1720
may be inplanted with dopants. After the doping process, source region 1710
and drai m 1720 may be silicided by depositing a 5 netal over the
source/drain regions, followed by an annealing to forma netal-silicide
material, as illustrated in Fig. 18. Dopants may pile-up at the channel
interfacd.to fAommethodHor dommingr gatesl imby ujpdtalebxjiden sémiezosducENGEIJSI ekt

| npl enent ati.ons istent with the principles of the invention provide
triple 9%513%(%%§tj>mnsﬂghFET devi ces and met hods of manufacturing

t heses devi ces forhfind B9 QRRARL BH 2486&Ft | On of exenplary embodi nents of the
present invention provides Illustration and description, but is not

i nt ended t o bdéormihgaplurakityof sidewallrgate sthietiresagljecentrthe fintstractpregcinde f or m

di scl osed. di f.i catjons, and vari atjon re possjible.in.light. of, the above
t eachi ngs or Nﬁ%@‘"ﬁ% Ao EH% 'ﬁ\f‘gﬁoﬁ’r{ggtq%ctge%f‘ S%I”ﬁ‘ém?’ W&ﬁ?f‘éﬁmﬁgﬁhﬁ‘exam e,
in the aaqy%tamﬁ@tiﬁaﬁ&es; nunmer ous specific details are set forth, such as
specific 15 materials, structures, chem cals, processes, etc., in order to
provi de a t hor ough femmiag adgsiagatgydistectriolpyesover the fiostruetorssi stent with the

present invention. idml enent at i pns. and ot her i.ml ntations can be
pr ac??ced, however fgx\?\nl%fl ggtﬁgtr%aéeo%l??tﬁ(bﬁgﬂry?ﬁgﬂgeeﬁrgfgqggglﬁgegﬁcl @)ffrry set forth
herein. In other | n&haviagstheWilst gaten@olecRIcORSESs i) tisd fivdtt ght@2ldeaude not been
described in detail, in order not to unnecessarily obscure the thrust of

the pr es®Y€Li nvention. In practicing the present invention, conventional
deposi tion, photoli ] [ hni ques may be enpl oyed,
and hence, the det g%@gﬁg%ﬁg%gﬁﬁ{égtgﬁcﬁ?lgétggﬁ g{itgggot been set forth herein
in detail. Wile sdepesiting a gatesndierit obercthe fiasanéthed with regard to Figs. 1
and 7, the order of the acts may be wvaried in other inplenentations
consilgtent with the present invention. Mreover, non-dependent acts nmay be
i npl emenbed | R AhAPYE cigih NowRLEHRRE £ ' |8k bt the
descri pt ?on of t?{é prese%t agﬁvﬁca{ﬁﬁon %ﬁ%ﬁegﬁ’ céﬂo@%&aé?f%dengﬁhdég%{gﬂ)“ cal or
essent i ah matalf nmetal vontaingmg corhpamdeapd dapetiisymibeadudtdradatedalsuch. Al so, as
used herein, the article "a" 1is intended to include one or nore itens.
Were only one itemis intended, the term"one" or simlar |anguage is
used. Ths. scONBeOfethdd bf'\cBilin 20 Wierbf' tRCtheRY dodfrizbioi® SNduddieh!
equivalents. 6 CLAIM5s: 1. A nmef hod for formng gates in a netal - oxi de
sem 2ondtantadumf abimjnemf addkel, ruthenium, rhodium, palladium, platinum, titanium or

molybdenum; wherein the metal containing compound comprises one of titanium
nitride, tantalum nitride or ruthenium oxide; and wherein the doped semiconductor

material comprises one of polycrystalline silicon or polycrystalline silicon-

germanium.
25
4. A method for forming gates in a metal-oxide semiconductor field-effect
transistor (MOSFET), comprising:
forming a fin structure on a substrate;
forming a gate dielectric layer over the fin structure;
30 forming a top gate structure over the gate dielectric layer;

forming a plurality of sidewall gate structures adjacent the fin structure;



transi stor (MOSFET), conprising: 5 formng a fmstructure on a substrate,;
formng a plurality of sidewall gate structures adjacent the fin structure
; and formng a top gate structure on top of the fin structure, wherein
formng the top gate structure includes: formng a first gate dielectric
| ayer over the fin structure, 10 formng a first gate el ectrode | ayer on
the first gat&mpengdthe fap gagdructure apghihieggterdielestrie dayegat e diel ectric | ayer
and the first | ect 2 r j L.electric
ayer and - o2paepE (BE Lk BiFe pbSEL of B8 (A @ ofh b iRl BB %2 e
met hod of cl aifornling\ahbrast onetadditionalsgategstivetuet ander ditefinsaymd conpri ses one of
a netal, a netal cont fti ni ng canpound, or a doped an‘i conductor material. 3.
The nethod of [RImingableagfpueadditional gals siruchpepyerdbaiiBhe of tungsten, 20
tantakum al um num nickel, ruthenium rhodium palladium platinum
titaniumor nol ybdenum wherein the netal containing conpound conprises
one of tidtani Uihe miethoddef claimt4l whemint thedforming at leasti ome additenal agate wher ei n

t he doped _sem conduyctor material conprises one of polycrystalline silicon
or pol ycﬁ%‘ﬁﬁﬁlflﬁéﬁgﬁw icon- germanium 25 4. A method for forming gates in

a netal - oxi de f&emaggrgit@aierec{ricqhﬂeﬁélfoﬁ%e fih¢ apgi stor (MOSFET), conpri sing:
formng a fmstructure on a substrate; formng a gate dielectric |ayer over

the fin structdgpesitigna gaterelasirode maferighomthstgatecdieleetriowmnteridhe gat e di el ectric
Iayei' formng a plurality of sidewall gate structures adjacent the fin
stru ?ure; 7 renmoving the top gate structure and the gate dielectric

| ayer; reémovi g garkearotndi@alredidd edificohduchs fidld-effeétUginiistort MOSFRTR
plurality of fins; formng at |east one additional gate structure under

ns
the fi nsPh%Iﬁ%ielfléqfwi’ ig at | east one additional gate structure over the fins.

5 a plurality of fins ;

a first sidewall gate structure formed adjacent one of the fins, wherein the first
15 sidewall gate structure includes a first gate electrode having a thickness ranging from
about 100A to about 1000A;
a second sidewall gate structure formed adjacent another one of the fins,
wherein the second sidewall gate structure includes a second gate electrode having a
thickness ranging from about 100A to about 10004
20 a top gate structure formed on one or more of the fins, wherein the top gate
structure includes a top gate electrode having a thickness ranging from about 100A to
about 10004 ; and

a bottom gate structure formed under one or more of the fins.

25 7. A method for forming a field-effect transistor (FET), comprising:
forming a fin structure on a substrate;
forming a gate dielectric layer over the fin structure;
forming a top gate structure over the gate dielectric layer;
forming a plurality of sidewall gate structures adjacent the fin structure;
30 removing the top gate structure and the gate dielectric layer;

removing one or more portions of the fin structure to form a plurality of fins;



5. The method of claim4, wherein the formng at | east one additional gate
structure includes: formng a gate dielectric material on the fins, and
depositing a gate electrode material on the gate dielectric material. 10
6. A gate around netal - oxi de sem conductor field-effect transistor (MOSFET)

characterized by:,a plurality of fins ; a first sidewall gate structure
formed adj acerfPiTBing abfeastneradditionghgatestinctyre upderdhe finss and dewal | gat e

structure i ncIfdggﬁlg%igéggi&ne%;iﬁioﬁb?ggg%aﬁ]t}?\&,&qh@ﬁﬁpi ckness rangi ng from

about 100A to a a secon gate structure forned adjacent
anot her one of the fins, wherein the second sidewall gate structure

i ncl udes secqond te electrode havijng a_. thickness ranging from about
100A to dbout Q@&o@%ﬁ@wﬁ%ﬁ gaw erg{f»ﬂ&ﬁﬂr@%@ Sfoﬁn%%édlglpn%gaée of the
fins, swheggkird Henige gate structure includes a top gate el ectrode having

a thickness ranging fromabout 100A to about 1000A; and a bottom gate
structure for rfetningdegatodielectricrmateriafontthe fihs,aad 25 7. A nethod for formng

a field-effect,trapnsistor (FET), c i si,ng: .0r m .n fiin structure on a
substrat e; forqﬁ)ﬂﬂgﬁg & eﬁﬁcgloé%m"?ecf aF g’gzgfﬁg%(cﬁe‘ﬁw]{eﬁtélcg?%er@*r ucture; forning
a top gate structure over the gate dielectric layer; formng a plurality of
sidewal | gate structures adjacent the fin structure; 30 renoving the top
gat e str bt ur A et agund metaldixédecsamicendugios field-effesti tragpsisive (MO ,portions

of t fi sucture to forma plurality of fins; 8 formng at |east one
addi p;aona m;’é’ts'feﬁ%étructure under the fins; and formng at |east one

addi tional gata laikt twt fifiefopmed oh e okideSayd?, cabhef e ftdehsptwetias Raving Wher ei n
the form ng at | east one additional gate 5 structure includes: formng a

gate di elf#Btandsespndesidearalish the fins, and depositing a gate el ectrode
Ty PSR SARTRGHT piden WO AR AL o
of the fns; '
15 a second sidewall gate structure formed adjacent the second sidewall of a
second one of the fins;
a top gate structure formed on an upper surface of the first and second fins;
and
a bottom gate structure formed to extend under a portion of each of the first
20 and second fins, the bottom gate structure extending beneath the first sidewall of the

first fin and beneath the second sidewall of the second fin and not extending beneath

the second sidewall of the first fin or beneath the first sidewall of the second fin.

10. The gate around MOSFET of claim 9, wherein each of the fins has a width
25  ranging from approximately 50 A to 500 A.

11. The gate around MOSFET of claim 9, wherein the first sidewall gate
structure, the second sidewall gate structure, the top gate structure, and the bottom
gate structure include a same gate material.

30
12. A fin field effect transistor (FinFET), comprising:



10 conprising: at least two fins formed on an oxide |ayer, each of the at

| east two fins having first and second sidewalls; a first sidewall gate
structure fornmed adjacent the first sidewall of a first one of the fns; 15
a second sidewal |l gate structure forned adjacent the second sidewall of a
second one of the fins; a top gate structure forned on an upper surface of
the first andasEdrfan dommed onymg exigedaysm et Brst finghaving firs randdsecond xt end
under a afit of each of the first 20 and second fins, the bottom gate
structure extendi ng beneath the first sidewall of the first fin and

beneat h t he secwoohdiindovaidd @f the loeidedaysrgthtisecoad dinlgdvirgxfisnalidgcbmheat h

t he second, sidewall of the first fin or beneath the first sidewall of the
second fiSKleWalS: The gate around MOSFET of claim 9, wherein each of the fins

has aswi dth  254angh TerhddBh 3RP bRk ')zh5t§’1ir§ P hafle Airstlahd Elgngat e
around MOSFET o claillm 9, \Mq}érlg)n thgg#‘i?’rste Si ewaP?\qg%t eS strsucture, t he
second sistlewalls; gate structure, the top gate structure, and the bottom

gate structure i.nclude a sane gate erial. 30 12 finfield effect
transi stor _(Fianchglﬁtpcgafﬁﬁ?ﬁ)rg}eﬁg}ver Gedirg ?%cf’nqi’?fi%ﬁfl » on an oxide |ayer,
the first fin g pe bloufld adjasent Bdectfic IQRhhSihedirsigiond fin formed on
the oxide | ayer, the second fin having first and second sidewalls; 5 a

third fin formesgcond gdiefoniedadjaggndithe dinksctricilayer andhthgse¢and fin;r st and second
sidewalls; a diglectric | r formed over.the.first, second, an hird fins;
2 T Gare @Rt lemediiheord b EEpa e Sr el e SRERR BB G, ¢,

second gahg& forned adjacent the dielectric layer and the second fin; 10 a

top gate forned adjacent an upper surface of the first, second and third
fins; and a okt gateecxésndingaindgr @rppation less thanmgn ¢ntise widthrofan least i r e

w dth of .4t olf?l?esﬁrst, second or third fins wherein the bottom gate extends beneath the first
sidewall of the first fin and beneath the second sidewall of the third fin and does not
15  extend beneath the second sidewall of the first fin or beneath the first sidewall of the

third fin.

13. A gate around metal-oxide semiconductor field-effect transistor (MOSFET),
comprising:

20 first and second fins formed on an oxide layer substantially parallel to one
another and spaced a distance apart to form a cavity between the first and second fins;
and
| a gate material formed adjacent side surfaces of the first and second fins and
formed over upper surfaces of the first and second fins, and formed to substantially

25 fill an entirety of the cavity between the first and second fins, wherein the gate
material comprises:

a first sidewall gate structure formed adjacent the first fin,
a second sidewall gate surface formed adjacent the second fin,

a top gate surface formed on an upper surface of the first and second fins, and

10



two of the first, second or third fins wherein the bottom gate extends
beneath the first sidewall of the first fin and beneath the second
sidewall of the third fin and does not 15 extend beneath the second
sidewal|l of the first fin or beneath the first sidewall of the third fin.

13. A-gate around netal -oxi de sem conductor field-effect transisto
(MOSFET),  co uﬂ?@%@ﬂ@zé@%@&%&@% 3 PRIORATreagh éﬁqﬁ Jod | ayer

subst ant isglohy AT A l&pbaﬂgleséﬁemﬁre AROWRIREEChch ot BFSPRRBE ¢ O form
a cavity between the first and secon Pl ns; and a gate material tormed

adj acent fiss.de surfaces of the first and second fins and forned over upper
surfaces of the first and second fins, and forned to substantially 25 fill
an entirety of the cavity between the first and second fins, wherein the

gate smateri alTheQH hvRfd MOSFETtodelQ&V\@j lwhaeirﬁms, te&teﬁaybelewﬁp@htadj acent
the first fin, a second sidewall gate surface fornmed adjacent the second

fin, a teideyallefstheffitstinandeeeneethean owee sidswell af dhosecond fin, rdoes agd second

ot 2ok ool A AR e O o SR oBRb B3 o

each of kidewhilloStheagedoefipnd fins. 5 14. The gate around MOSFET of claim
13, wherein the extends beneath an outer sidewall of the first fm and
beneath an outer sidewall of the second fin, does not extend beneath an

| laf ' ' ber
ety o d5vel Iyl ooy buke MoSPER L A5 Pt Rl eeaidinf noTer
wher ei n thiekmgas mng&tgeﬁrbmlapbmirﬁateltyl‘iiwk&less,omarlgl ng from approximately 100 A

to 1,000 A. 16. The gate around MOSFET of claim 13, wherein each of the
first and second fi ns has a width ranging from approxinately 50A to 500 A.

15 17. Thg gat "@E I , f cond
fins comgarl sel%sel I con 5%2?903(:2&112%%3&(}%%@ qu&g ﬁglgtr? fa&g?latft her
conpri si figs haVa svidthehwgitg from appeoximatetyes0Ad) 50At surfaces of the first and
second fins, wherein

17. The gate around MOSFET of claim 13, wherein the first and second fins

comprise silicon.

18.  The gate around MOSFET of claim 13, further comprising:
20 a dielectric layer formed adjacent surfaces of the first and second fins, wherein
the dielectric layer is formed between the gate material and the surfaces of the first

and second fins.

19. The gate around MOSFET of claim 18, wherein the dielectric layer comprises

25  an oxide or a nitride.

20. The gate around MOSFET of claim 18, wherein the dielectric layer comprises

silicon dioxide.

30 21.  The gate around MOSFET of claim 18, wherein the dielectric layer comprises

silicon nitride.

11



the dielectric layer is formed between the gate material and the surfaces
of the first and second fins. 19. The gate around MOSFET of cl ai m 18,
wherein the dielectric |ayer conprises 25 an oxide or a nitride. 20. The
gate around MOSFET of claim 18, wherein the dielectric |ayer conprises
silicon dioxide. 30 21. The gate around MOSFET of claim 18, wherein the
dielectric layer conprises silicon nitride. 11 22. The gate around MOSFET
of clai 8, =Y A i r j -1 hi : Langi ng
from abore 5 Agapsellid SOSRER HLElal IR wHErBl bEaRlcdti Ba pRmEETS

wher ei n taftbickoess ranging fibmsaboth3 A tarmboetrdi Ae wi dt h of each of the first and
second fins. 24. The FinFET of claim 12, wherein the portion is |less than
an entire width of each of the at least two fins. 10 25. The Fi nFET of

cl ai m 1_2,23mher1q1en%ét@%r&ﬁfdt MOSE o 61 £RJS, WHERIM theDNRfrtibPRs Riss thdhCad | F St and
third fins and not under the second fin, the second fin being |ocated

bet ween ehtrerwidsh obeaghtofthedfinst argl se¢gndns. The gate around MOSFET devi ce of
claim 14, wherein the inner sidewall of the first fmand the inner
sidewal | of the second fin are |ocated adjacent the gate material filing

the cavi y. betMReFinFRE dfi disitn &20wh&6RWe fpoRfon fhdess than an entire width of
each of the at least two fins.
10
25.  The FinFET of claim 12, wherein the bottom gate extends under a portion of
the first and third fins and not under the second fin, the second fin being located

between the first and third fins.
15 26. The gate around MOSFET device of claim 14, wherein the inner sidewall of

the first fin and the inner sidewall of the second fin are located adjacent the gate

material filing the cavity between the first and second fins.

12




