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“~the electric field generated.by. ‘t he..drai p

il rilthilll WD 2005/ 034207 *166166*
PCT/ US2004/ 024590 'm RI ER MOBILITY I N
‘ﬁgﬁq OR DEVI E OVERALL DESI Gc§mAbdi4/024590

| FIELD 5 The P¥€ent invention relates to
sem CO”SW{AR?D&S&A&E@RWWW&QW@CDE?GEQ
sem conduct or evic r on has
particul ar appli %&ngﬁgg’éﬂ%‘?%. ces.
BACKGROUND ART The escal ati ng demands for high density
and performance associ a gmq,id,ﬁ Ba Iarge scal e
integration sem conduc evices "require_ desi gn .
f eatTg? pIesent gu%owlagmoéemeqaetcwsdevmeﬁ a3¢ymathests LR ng Semiconductor

devided))The presght invertioh Bldiphrtiéufar agplicabiiyteBmBIE-gitBd@dHcasCt ur i ng

t hroughput. The reduction of design features bel ow 100
nm challenges 'the limtations of conventional

nmet hodol ogy. ‘For exanpl gAcmbmumtggg;at e |l ength of

o1 1 0 P e e Bk e P Rl g e s megraion

senjionduclonds viees ioireciesien Traterks, Sibiorsteate Ingthrebelo¥ 108 pangmetery éqm) hlgh_

rehﬁﬁhty 4l ifReeed ﬁxhﬂﬁ?ac!uﬁ@é‘tﬁxg%h PRt ReQuldds oﬁﬁHbﬁ@aﬂueMlow 100 nm
drai n, becone | ncreasin dlfflcult to overcone. In

°haH"c!‘§?st“F°dW‘tatf1’Bb‘i’fI°P‘tV9“"dBﬁ F‘&\H%ﬂ" °%h and a nunber of process
i ss m&xﬁip&owmlﬂe ghate ledlizth 6 conMeitioha) plads metalooide eamticopdigior field effect

| el effects, such as
ua%@?ﬁ&ésﬁﬁ 1&& chlgje?ouj ﬁﬁﬁﬁ?&b@s){ssmvﬁ&xs%ﬁ\éh&ﬁ 1 effects, such

eV|ce structures are therefore being
excessiyg lopkage bewean&ﬁsevee ‘angthryrin, hepqms incEragivglydifficul) tp BYFPEHF1 ﬂé?d“m’
‘mobliRYy d&pfadaion hidWhumb® ub;bracegags@s MESHIRS &t diffic tes@e\fonvedtional MOSFETS to

r.uct ur at ha o bee onsi dei ed
ool g o et A AR AR Bre oimprove
FET petfomaggeahd allpuﬁtp@@rtdsvwetShvém&ioubl e-gate MOSFETs of fer,
- bet-bgtpie: %@:%@Sﬁi@g kﬁk&eﬁﬁw‘v Qﬁﬁm?e@&at%%%ﬂdoﬂ&deﬁh gshiﬂhdidates for. -

d--.-_(se 1. i:ove {ﬂéﬁggm-- ’ g s%ﬁgfbew

'chasacteksacsaliantﬂeeommmvébqﬂc silicoh MOSFHBn Tmé“mrgy mes'asewdrecaag_{tye double-
gatd ﬂO§ 0f R a bPRE TRtes oS bkl e R thn JnVUﬂlyQﬁ& 8&asin convenhonal :

Jhsihetter:
MOSEF B DR 516 P FYSe(e8 e learin i SherupLPy e AR betky segpened from the
soutct/End@@the chafid Al@{wo@htes il €ntal irfofertiirrénio i osinglerpglecresyliingin a stronger
SWl{cgﬁé}léﬂ' L,ng in a stronger 25 switching signal. A FinFET
ecent MOSFET structure that exhibits good short
R AFEAFE i#aeeP s MOSKEE ST (et sRhibiiy 1ot Eor shapasl progier A FinFET may

incl6deARBi@ital ERANYPHmeR irfa WRICAIIfG! aThefFlﬂFEr-Eﬁ&mmBe ﬁbﬁd‘u&imlﬁg layout and :

oroR R atrE S 1 o i R coriepbei i R

conventi onal pl anar MOSFETSs. 30 DI SCL(BUi?E OF THE
| NVENTI ON | npl enent at bg@gombgtqgwmouhe pr esent
I rst

i nvention may provide a

ce oy
1 ISR e MY G BFR v Ew Y BPYREet S dovics witha i
fin aspdctrativ e € Sochd FinFET d¢e tith atecand fiddspettratinal advant ages

an dA&’({lt?)%gl a&faﬁgé& Sa om‘er {eil}%eé df yﬁ hn%? \%lll IJe sQ ?ort%% aﬁtqﬁ ﬁ]Q description

descri ows_and |n pa
wmvu fplllowg ewinparapip hecome anpereret rotbese haying QEfingry kil dr (he &kyRop °’faH““a“°“ of

the foh@mﬁé dr midP B e HoRPrdcid ofthe mse'itx&h Q'hg Eﬂvhrﬂélifesl_’r?d fatufeB yf the invention
e

may 8 e e s B Peid S PRI My e

re aA¢cmluhg anbe pista invedion shefferegoing uhrtamhey adyeitsgeate avhievedyin part by a
semkgrﬁué&ggﬂgqgclugln@ Y¥bstrate and an insulating layer formed on the substrate. A first device
may be formed on the insulating layer, including a first fin. The first fin may be formed on the insulating layer
and may have a first fin aspect ratio. A second device may be formed on the insulating layer, including a
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According to the present invention, the foregoing and

ot her advantages are achieved in part by a

.Ww6IhdsRAsFt or device including a substrate andpgf/ys2004/024590
Insulating |ayer forned on the substrate. A first

sec6Hd\fin C'Bhe sEB3Nd f2Emdy®E FoREeddn theliBulath§ Wyaahd@ay KAV second fin aspect ratio
fin. The first fin may be forned on

firs
dlﬁ]f %ﬁoy}gﬁ%ﬁ%apch%q, 40 and may have a first fin
as pécdordingte amothek aspedt ofttie ieantionea seamcoigigctbraieyieedmaynincludean insulating layer

andilaﬁiéltl llie’%l ﬁ&ihiéd?,}{ e ins ilx ist@,l; i&?gn ndhirks hé\/née/da%lnlcllx&e d flrét/h fdrhdd'on the
insylating \Sh ARG AP 1izendy beight e%‘mﬁ“ft “’H“h* ?H%%‘é’&ﬂ??d’lsf’ F‘Hy Fpglydegefirst dielectric

laydr €orineichn @t ledsttired sidesbfakiel fitg fih anday fird pale ddfyenhdy Arsadide26io Mler. A second

devIcL Hxayﬁ%@%&gd du (J, 1gsu{aqﬁg l‘fr?'% eﬂ% secgn(ama\;u!l%?a; inﬁﬁae a se&m?ﬁlp g%ed on the

aspect o nven

msvéaém 'é!‘}h’éﬂ%@‘e'rg aéeqpp%@lahwd A P@P@d@d‘h e prsprid-deyiercplsp ayremclude a second
dxelad&d: 1@yerf forifell ol Yast mre‘e@ﬁm tHe BecbiladiniaftBd ecvhd Fuge Admt the éEaﬁd dielectric

oy 05 e g B e R 5t 87 g i

andggcoidtwidtthe first device al so may include a first

di ehgpiuf) &am@eﬁ@&mfﬁﬁ%@&oa% sén%@oaauctoha%e S Studan insulating
the first fin _and first gate adjacent the f1rst

layeg; pnd)ap Nitype devicg formed 9& @d&%ﬁ&ng ety |TE‘%Nrﬁﬂ’§ deydeemgy rpﬁ'ad%ﬁm fin formed
on thehiasulathipUdyait dndh Baving W difst heigheand @ disnwiddie wiPetgperdayicel oy bel (bemed on the

i BEGPAT Pe i e O e A 04 ol U i
seconq Redshiang aseqend, rridth. gThe secopdwidyimay beca predgteqmiged multigle pf e first width. The

firstbight @iithe seddhERvight ﬂ@&e eénﬁtgh:ed SARONEhiet Moty ofthe-GPE device
e adi acent . the ectric 10 layer. A first

e
app’l%%mf‘%lo A& P ﬁ?g’ge ¥ rst width may be - -
di fPiber edvantigepnd deas')@é efﬂ!e pregeitdnverftion Wibl become prddilycapppingnt to;those skilled
in thiet ﬁ%ﬁmnsilomxgmamle&\a&a{ﬁbm ork emBbdimiéhis BR%m mhbéafprdvﬁ@ﬂlusmon

t Kol
ot R e oy B S e oion T 5 bl 2 ppifications n

vanmnsmoa{lrewgctzt. aly withouffdepartiyeifiomahedaveitive., Awcgrdinglyl theldrawings are to be
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regafaemt.uui&aavéle e anPibe btEsuicipd!l ating layer and having, a
first height a first"wdth. A P.‘type device may

be formed on the 15 insulating layer. The -P-type
devi ce may i ncl udeBRIEF ION OB THE

| NSk %B%ﬂ%m%é¥%% ac@éhggﬁ}gw\;\l?@ ﬁere elente ?tQ ﬁavﬂ% E!\m?x@fireﬂce élumber

secon eterm ne

desigpationimay geprgtentlike elpmentsithrgpahiens.  The flrst hei ght and the

se E)Ri)gﬂ dmh&to%ecmmuhﬁuﬁéﬁdiémﬁﬂ'& RiferStat AR be @eclﬁﬁf fohﬁﬁgl a fin in accordance
nobi | i t evice approximately equa s a
w‘thg'é?"r’bfgmx?{ﬁ{)m?? "’\J;S‘?v\é‘ﬁ'r?g P-type device. Cther
ad\FmZ@gfégnﬂamlly fillustrates the tapfviewing a fin smietnie in agoardaneowithven pxemplary
emb&mmﬂk g@nlmvégmarent to, those skilled 20 | n this
fromthe foll ow n

et ai | .ed descri ption.
A S FOOR A oAl PS5 BP TP Figo fordance it
anexefnplh:hemﬂmﬂmienrmdﬂpmtxﬂvqnb@t ed for carrying out
hey g% @X%HJ éﬂ) e cr:m %eétlmé?mﬂl rlnekv§ ﬂmggptﬁe tgltmamlf ?f a double-gate FinFET

lcatrons I n varl ous bVI ous r
ﬁOchtdh‘tbCGPf FigBrin posepdeneeryith anexqmplastAobediment of-59 RIPSSgfligrentiope

dr @iph. 38 %nd 45 e LibssR@tiodaPAa &da%wamug&ah%&ﬁmﬁﬂam 4fd n-gate FinFET from
nature, and not as restrictive, 25 BRI EF DESCRI PTI ON

the dexpee g 2P AcRgrdanes yith 2p premplagy emphediment of; the present veptign.
dr Higs. 54 $o SIVGr€ Eross@botioMmN4ng tdpaiews Qluid‘iﬁng&ﬂd’lﬁmidﬁf)ﬂfemegaw FinFET from

on BTy, 5D SARLh S0F P

exenpl ary Iayers that rray be used for form nga f|n in
accordance wth an enbodi ms?t of the present
invention. 30 Fig. 2A schematically illustrates the
top view of a fin structure in accordance with an

exenpl ary
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| -720 e (sehiFi g, € e)) gia§ besfoan ot | m WefdE0f BoFtibn biEwst

_120 gddal smsonassdr tsb%rﬁlezﬁ&ﬂhéftﬁhémxﬁe 13} &RbE RALAT A NS e

enbodi nent of the present invention. Fig. 2B is a
cross-section illustrating the formation of the fin
_wbrgedsan7of Fig. 2A in accordance with an exengteg004/024590
enbodi nent of the present invention. Figs. 3A and 3B

ar e Figh.GAm& 68 hre /dailseciofhl bfakop\ie®¥BludtradingSile'arirlatidh of B found-gate FinFET
of, a doubl e- gatell—2 fromthe device

1.1 0 ET 3
f’°m?}' Ea“m B243P 1 acearianss dih %eprgw i, pA the nresent fayenpn.
of ﬂze7 gheateally illusteares i @p viewofyswafet Rcladiog a_(hB ti@rdevices of Figs. 3A-6B in
aceﬁxﬂﬁﬁ§wﬁ?&|tek&§iﬂr% Mdﬁrﬁﬂﬁ*’ﬁl% }ftlulv&ﬁit)x[' ating the
N

forpgation of r-gate rom the device of Fig.
2B F1§s-86403%0Hm ereswq&ﬁnsaws@mﬁm formatien-af @ aeundgate FHRFET|{paccordance

with anetherritnplemaneatibh Gfithe prdsgit invénflor, 0 SD are cross-secti onal
and top views illustrating the formation of a u-gate

Fi nFET from the device of Fig. 2B in accordance with

an exenpl ary eHMTmmERﬁRCHERM' THERSENTION 2 WO
g?g?éeofé@%{? |7 oder /Laséogn%/ﬁggtﬂealg‘%man g%t]p %aﬁc&mpwémg drawmgs The same
reforeg e pEibasYil giffepent dsaminks gpay iderftify thsxme grisimiilat dhanedioy Al tt@ffollowmg ‘

de@e@es&&dnmoamsamdam&ave%&nh 13EadCE SRl the ﬂntlﬂdﬁ ﬁﬁ&heﬁéy the
ion. Fig. 7 schematically.

I.es i nven
PP gfdu%(“?s g&‘ X BB ew of a wafer including any the
devImplementhtions gsistiwBiBthe presedt drventidaproddendiffdrenaPinFET devices with

différXfe AP mﬁ&ﬁbqgésmreﬂfﬁn g:tﬂ Bel&sgcy 62 hs?gveraﬁ cg'hgqnobﬂmes of
meé‘ﬁ:% C are cross-sectio ratlngt e formation
4e¥id- gat e Fi nFET in accordance wi t h anot her
i npFigridiisadtésalie codss-tebionpf £2mRbnducidrNi¢eA00 foBfea Tn MDBnELRm an

emb%B&YLNE\E Mﬂt fu;(ltﬁxoh '\Mﬁll\géh .1 an%fsub(s) lut?n %L%es utsuaalte asingle device 100,

description o
thosg, Siilsth et semigondiuton arfg will updrestagd et otherpleyieds é1: me@cmm devices 710,

._ t.s.; Al ] ) ¢ -diet ' .
-sem%bx@éértiﬁp \ﬁ%ﬁﬂggsé% ‘the (_}Jtrdc‘t':?ds ﬁ?Sf %f&{q@ere O e Elqlflé ??l-q* ﬁgsﬁlgg&nduit?{éewce 100

maydrciydea siicop preinsulape (S QID#HruE tare thadinolideh: abyxcpm

059 t the present jnvention provi deer 1207d silicon layer -~~~
ntfe WPFIEE“F 1{fHip @ copwenfipralmangers £ or ant fin aspect
r atlp esexedplary gnplénihwlien burikd exide34yeraR0 mau indwdemaificdaexids &d may have a
tickis ﬁﬂbh@ﬁon@%%ﬁﬁbboﬁﬁia%bﬁﬁooﬁﬁb'siﬂcﬁdl ﬁcaﬁbﬁpﬁo&?ﬁm or

devi ce lustrates t S SGC%IOH

]
PolyEryRltog ﬁ'Hi?Bthg‘P‘%"e‘b‘F%’éssmeml! 8?%&9%390 &aoadﬁ@ekvﬁwqﬁm Igger 130is

usedecnfomda futoriictat firla doybleaa® ansistay Gvice, @d'desofibéd 10 dgR dEtalbeloky.
qn éﬁéﬂa{f\{é :ﬁg@g r[es%gnsfs rlxt l\’alv?té [hat l%se"ﬁlt l.§ Iegt%n ﬁugs%'ate ‘i ?0 ang E)ayer 130 may

hose s sem con or ar
inc "dw'éﬁf semigeaducting macqfh’é,rsu@ee gm:legm(ne oxgombm@wmf sedviesndycting materials,

such dﬂﬂleﬁlﬁﬁenzﬂlﬂlm. Bufid 0)5& lx{yﬁlelQO Exh)galsoﬁc)udg@t}fer kaﬁle,f:tf'lé Hgtgn&n

th fer r| n. of.. a: wat.er,.:.chip c.) .

D a;%at[)q ef ec\ﬁc lﬂ’e}' g4,% su .a §1 cﬂn l!lﬂé'fr(?F a ﬁdéc?in egde lim(e g Ssz), may be
formedyivergilicéndayep130ac & sschpméctiveeep-dueingdubsequeafeehing pigedses. Aingn exemplary
1mpléhent§€dﬁ" &Q&%%ﬂf 146%\5& B@fo&r@g to ar[ﬁ).(lmlasg %@ﬁ?g&é Lllohtcl]ga qu] about 700 A.

ul at or Lwtluctur a si
Nex: {FhQprEG mpirepl msy by epeic ey BRemafj form 8 phptQgpRigt Tk 150 for subsequent
processldgl Thephbiakesist n niawalfnﬂﬂ%é e@osﬁ%ﬁ a{h& pizlﬂginéd 1g agly cl'éﬁiVenuonal manner.
uE i oxi d and-silicon
| o e B 8D 1 e Rh o 1 1o SRR b o v 140
and S\’i‘ﬁﬂ*fr\%’ﬂ 130 mapbe @;Mrplaamyfenmw waner, with thmetcHinguermiwtingon deried oxide

layer hm@fonﬂ 4@n. nﬁ%tdr&ﬁl el I@ iy ItHeH' 9&%193%&1 CAfP the %Jbﬂ%@ﬂ\@ﬁn source
5 thi ckness ran %y rom about 1000 A to about .

and dﬁ‘" regiqns Way,be 3%# Aeppsitian oF %Péfé’“*}*rﬁ'i%'&’r%f a fearwﬁ@n%ﬁmawml)

adjacent the respective ends of the fin. For example, in an exemplary embodiment, a layer of silicon,
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pol ycrystalline silicon having a thickness ranging

from about 300" A to about 1500 Silicon layer 130 is
wgq@ogp@,‘m&orm a fin structure fora doubl e- gat e pPCTNUS2004/024590
transi stor' device, as-described in nore detail bel ow

gerknAnidth brebxﬂﬂiahMﬁof isilfUn QREF HAdniuB Wy bEQPSsited, ﬁdﬁﬁmﬁﬂ dnB ettie@in a
e t i on strate er
cor%ngﬁ GJ] de"o er B G %‘Hgﬁﬂfr%'s réie l'é’rgtr" Lé S cﬁ'fg grsam tdgions may be
f°wmﬁmh@h@mMWmM®m fayfos efi. conduct i ng
mat gl 24 s%henﬁ&:aﬁ}“iﬁhkuﬁés id dop Q&pofg%ﬁ SRR P10 ﬁ%&uﬁﬂn&&bﬂ@o formed in

h% % galsornclude other dielectric mater

such {320 yod e rasien 230t b Sabmed adfapant oo oPp g 210
on bwigdexide tuyer 4 2G; Rdcording totx iexbenplasyebod{ntengof the PreSed) inveitigh. be

for %%dZqu x%ros§ E)S h&x%n% ﬁX 1% Qflgt 2 ifthdafhn g%ne%r%go%tolf Hl? structure 210 in

cap uring' su equen processe

eaRg Vit °xePﬁbweFPé?ﬂlmnr @fnhc peaS@r iaveptiqne Ap dsperjbed abgvaydigleqic layer 140
andf sDicétRisbert 180 ﬁha)t thl efekédas forth st Q14 rSﬁ'lBhﬂb@l‘@tma} 2f31ufe 4 Glicon fin 130 and a

iy (ol 7198 TR 1 B o 4

toabml@dbsequent 35 processing.. The photoresist material.

may Tﬂ:%om xjéﬁgls aFhnl 230 ﬂy%@@ofla&t ﬁﬁ%oﬁpﬁ ?ﬂ%lcﬂ?&lsssmg stage (e g,

nﬁ Sem on ucfor devi ce t hen be etch
ate forsponiof 8 AT STATBIecZRR 2 P1VPR ImRAiGHS By P Epleaiodin Saigrain rogions
220and1236 The particulan ireplanthGéh doregesland entrgibsrtlayiba sedec@d based dnl thepaticular end

devilE! W bl Q

ekt ble 4438y B 6 B 00 AR o Bl smpentaion

Pmﬁ@f BRI HRAFIrCulrpauiTerRents apdyuphacts 4t nesfdiselpied harein in oplg R0 unduly obscure

the eitust oflthéypresedt @FLos Adyatidf afneulinPhlay(teen Ge perfobmed @PaRtivatd thd source/drain
ial growth of ‘a sem conducting material) 40

regl&gjzgtgié‘%?%t he respective ends of -the fin: For exanple, ' :

. i n Yavowdiferenty-spruetived evices maphedformsd froth K¢vige 100, ﬂlgs'rmml‘lgs 2A

!m 2@ Oﬁc@@ﬁ&&imﬁﬁﬁ dé%’&&%&%ﬂ@ Qya aﬁmaﬂ@m HHFE}!;H 2) am-gate FinFET; 3):a.u-

()

nani~um’ e eposr ‘ted,

it Bt ERRT et e pee 9f EEET Joeet Wi,

forth ndetad belbw i cogjinsrion wid theeprinaiileslof the foventisour ce _and. .«
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drarnregrons may be formed in the same _
phot ol i t hogr aphy process _that fornms the fin. Fig. 2A ’
~schematically .illustr RBEBLEGATESINERTew of a fin - - -
st rig BAlls@ cidisheqion TRSHa6aY i fointtionlod § ddublesgatel FinRET 3005t btracture 210

in F?P 2\ gr[al 2B ?o%éog&tn&e\ﬁe %E ﬁ%él%loas'qg?lgnrw%laﬁﬁng ?\grlglegv5§'3&n gﬁyomd% 310 may be
formsg e féEPSQﬂ‘ﬁrder@Kﬁa@y ek fin130 as itustraseddin Fig 3 Farexammlenghte pyide 310 may, be
therﬂllb @ﬁbvﬁ@ﬂln 130. Gnﬁoﬂe%@ﬂﬁy He td aQchkrEésQf abgﬁ 504 @ about 150 A on the
side %pcssf}ﬂgﬁ on along |ine A in Fig. 2Aillustrating

FHEF Y on of . fin structure 210 in accordance with

an fegazmpiensl Jayen 3830 thayrerepwited ok fipstastore 210 aftecfotmatinn of/ste oxide 310.
In aﬂﬁéﬁiﬁ&}hﬁgleﬁgﬂa\ﬁgn gﬁ& Eht@r%l S'& P&@lxﬁrmciluﬁg ?olﬁﬂxgonsdebésﬁaﬂ:sm g

- -l ayer 13 ormstructure
°°"V§t“P't?k“tha‘P'éa' zafer #asﬁmop FFEYQPd’é othey weli knowp ppchmiqyesq Adfernpiyely, offgr
semichindicenptniatetials; aup,h M@rmdnﬂm&ﬁ} combiratiqab off sitlicor@al gérmakiarh,| od Marious metals
in 130 may range from about 10

may %lsedvxts %gab %teq ayEirhe{’ source/drain regions 220 and

2308s Hlasra%md@rs@mwm ofiFig. 8B.a@hte mayhe patterngd prgltetohed in gate material layer
320 t@ FoRf BteSstrin@urS $ RGKat €x8enBs acrosH chéthel frégfo%f thfh éﬁtrctﬁ‘re @% €Dhe resulting

y

t t t
devich 0 Beerg @ Biokeech i HIeB FBHEL” 50 and 230, The
pa bttt gbtere 3301tpdya:ratieﬁned)i’n gelte sageis lagen A20yditipiz@phy (8., fietolithography).
AlthoafH fFh&eh iP PRE ‘36%&1 51{ r'éﬁa‘f Hlee Ezoeq% bé &F.gﬁ%dgg% a bottom qntireflective

requl r enent nar
coating{B AR(F)dayergndhprssibly 2 @Ptﬂﬁé'e@et!w 6%‘/&1 eeatipg (nptshexysd may ba-deposited on

process based on the circuit, requirenents and, such

acts are not disclosed hereifh in order not to undul y

obscure the thrust of the present invention.

Activation annealing nmay then be perforned to activate

the source/drain regions 220 and 230. Various

drfferently structured FrnFET devrces _may be formed

A NN " T 1 s
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20 and 2B. Such different Fi nFET devices may incl ude:
1) a double-gate FinFET, 2).a:n-gate FnFE , 3); a; u-

. WdlRosrsdi T, and/ or 4) around-gate FinFET. ... Theserns2004/024590
four exenpl ary-types of Fi nFETdevi ces wi | | be

plati@Rar gate altetid 1yt 3 HS rfacﬂﬁ{t@étémng 6t daw mlalrid %ﬁé&&t %%\L?;E\% I;mt&erstood by

E‘{]ﬁ‘.’%ﬂf m%jesd t hei nventi on
USIRT 7t 2 Blanarized gate watprial {yer B30 gl the BARG laypramay facilitate
Patfemyinggan pvgHying phatom felyer-ngpad p}echl?l FEsTa 30, gﬁfe @ﬁilcﬁird 13015 WFtRal dimension

(Cﬁ)](De 1th Snaiksd Raturé Sz Bidh gsﬁ;hé au%? oi-/me:tdl,]I h %a%eln%ona% sall as from

7?9 ary i n’pl ement at | on.
n':ﬁ’d@/“% 0% ned on exposed side surfaces of fin 130
as iGate stsi:mtsem:uaﬁn&d:d@ a gaé\pom&.gfoxeasemb@ma f e fin &g&&i—@ 210 and a

r.own on 13 Gat e oxl
argS e el spdc Lo b 1o 08 214, " acofpopion o sructure 330
mayppyide ai aRggssiplg ele¢idical eoptees for biafimgre stheyfvisé tantrdIBAY thfhteAogiai. ©

et Rétirdling oy BA Gidig H&YA-R%W%‘ &?&a@\éﬁiﬁ fid 3o %tJoHﬁéé‘ameFmFET 300
mafe]xlsta?n %tvf,orqmﬁg 0? te OXIede )
ol ar s %iﬂadl grat astepEide:3 10 Thy raly@wely tigclodiglagtyic cap 140

exe
aboyethy temlwfpe %/t 13D manprelepn:haﬁnﬂ dortastion gh m&@wﬁfa&elo@ﬂ@iao ‘The two

chafile® Blbalde \bﬁl&%ﬁﬁj %%We\%.kio:‘& e 09%@ ‘d9ub1e-egm!2 i d\l\ﬁah ga}%?% 300, because

techa g¢1 Al ternati
gate atenipl;320 adjacent the, twocsidg é’ﬂﬁmﬁ fir, PO POSttstebivn aateshes, adfiouble-gate”) controlling

the tyjolchapuis abonglthe idewoells bn 130, Vari ous netals nmay be used
as % er 320. As illustrated
1 TR Sl R My Sl iy Shmbion gy rsaion <1105
Becasepf thiscammon. wertioal erystellinerorientatibmefhe sidg 8allstod fif mmtgageeto the width of

fin 130 fnldﬁlibwﬁgAtefFE@’ET BEY do@dt 2188 The %B:ﬁé%f e € Oéieo%ns for N-type
deviked End bpiEs RF B &Je%l?%sgﬂ%g 1%@ e %glght% Lﬁwﬁi&ﬁé@ bedetermined

“be rererred
solely by epamen eysa@newaynt@en (bt jorienchtibm< 10@) of thedin@lsida bvallsay B 130.in double-

gatemﬁEbsooj i t hogr aphy (e.g., photolithogr aphy) Al though
“nof- shown i'n Figs. 3A" and 3% ate materi al “liayer 320

ay:+be.:pl anarized - and ‘a: i refl.ectiver 40,

_COFE Wi _@%Rﬁhcdoaymmﬁﬁkdhm&ﬂoh@-gﬁt@??ﬁéﬁé )’ﬁﬁﬂaq%bwmmm -

edon4V\D

e R S A

- Im“%t‘*@kﬁu? cap 4qverdin(l 30 may beoethovedile ., By @hbtivg eﬁﬁngﬂbﬁrmg a bare fin 130 on
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buriedBki@i thydd 120X Sdiatived) thxd%%tewlxxldi 410%helf H]%ﬂeﬁfn%%ﬁl oxpcyxg dseﬁ] POP and side:surfaces

anari

tor a
o b i1 B5. G Bocynopi semmte 10p0f e epmrlagrowien o190, G

. oxide i mesr beigraynaoa wickerebs\of atPuqBod © awai 150 Al ca YiRltop ¥Rl Side- surfaces of fin 130.

pr Q%té fbérial é%.[r)amf rﬁ@“ctdepo?i%d Sver i t g gldq? %F%ggé:ar?gﬁ éfé%& pxide 410.

di mensi on

In an gxemplaey “@%‘f‘%e'%'% aate melsriablayer ezom mﬁAUﬂfrpowsrhemeiemsseda&ng

30

35

convegtichl| chemtical Vaﬁﬁﬂ defosiBBO@VDS Or s (éll I@a@@ﬁ‘&chﬁﬂlu&mm&%tﬁ/ely, other .
at e ortion prOXerHtet

o L e Bt RS M e Bt ot
may bé pged Psr%@temalonlam A2k AAsajsasded,fboniot shbven, hbdve Sith tb@irﬂl Eoﬂ“lg 3A, gate

materﬁlll@yer iﬁb Qm? b&idnbRAe toqgl:rlﬁtbtg ﬁtexo%ateqr tiont 4s Yl Fsgt?ao 1 13§i0 S n

195 {l %n cCessi bl e el ectr contac
Ot RET '8 B LMo Fierfth.  prée matbe Pﬁ‘empci%sﬁetCR@tlmsm rn-genal 420 to
form &a@ stRjcgyre 43M\thateik@imy abrbdd@ chafinel Agion of the il sGuctud$) 10. TS resulting device 400
mey SERRABRL Brchdly Llan JA0rpfieloul o~ gate FinFET S00 10 ey
exi st al on si'de walls of fin 130 adj acent
g &fate syctuied30 10y befdebingdeh gdtd madriul layehd20 by lithbgthyd® (4. 4. h6talthography).

AlthoubH fbt stRRR ‘ﬁﬂ-‘qésth I:QQBSW&% gntﬁ’iﬂeidv? co%éngomcgfayei gﬁit possnhl1y a top

anm[{:ecmve@mforrratl on in surface
Refes et shayny F‘EPebevGanS%ed @R plpsarizetl Zare giaterial ldyerAa20 to facilitate
to.the nanme "doubl e-gate".in doubl e-gate Fi nFET 300,
because gate materi al 320 adj acent the two side walls
of fin 130 constitutes two gfates (i.e., a
"doubl e-gate") controlling the two channels along the

side walls of fin 130.




15 The two side walls of fin 130 nay have a conmon
crystalline orientation (e.g., orientation <110>).
 RRFAYSGaf; this common, vertical, crystalline perys2004/024590
orientatiron of the si de wal I's of fin 130, changes to

etchid® of'atd Hateﬁ)zﬁ la ér'4§0 18Qx141ned QbR G pRdiZe dgate faterial %)er‘iQo 88'%the BARC

1aff cft Ih e of the mpjority carriers

A1 B ?c&%eaf%‘?'“ﬁ?tf e devices and holes for P type
deviGaesiructure 430 mag Boludelapate portio:| idxjmatd to theaidesmff te fik Structure 210 and a

largeﬁl El&u%fe%om ?rg‘l?eg B Sl tﬂl&% strucb%eei 1. 'P% eFee il Bcﬂ_odl o)f gate s{ructure 430

crystall'i ne atl on .g., orientation
S may piovidogsccersibl ey cospars fpr bizsigg orjothertisgisprscollipg thegaicportion.

Ft nFethirBld o Fik. I4A(Eﬁ&ﬁrlﬁé AT, IS _4B), the Thannels iff 830 il %-gfle FinFET 400 may
e. format | on- of

SR 6 S5 gt welsond e TR ST I T ——
SIdeg,lb andAdp ofifid 13&1wme:tomte_daame‘ec-guet' I magatel HirpHEE‘m bezdus© gate material 420
adj‘ﬁxgﬁﬂeﬁ/ sme v)éﬂlé %Lg H})?g!p {:fggcc | ztbrg]; ags] gl Y né%h%o@%cgn&olﬁng the three
10 Chqﬂmaﬂle edtgwalls ond tepdf Em30ve et ching), [eaving a bare
fin.rpdR s@@wﬁﬁ obsH 138 ¢h n—ga@@nq‘@T 4b@|¥§yr haJ@comﬁoﬁ &ysﬂllin\é Glidhtation (e.g.,

thlngate oxi de 410 then fornmed on exposed top;

orisions1 ). 508 siragsrof i #3020y ha@ g el qrigntaticg (e-g., orientation
<1608). Heaise@Rbesp Hidferigpatyetallind diRntdibas mm cheandl$tia HE30] dhagheOidkhe width

te 410 0
TN N TR IO T X R—
15 -unlike dewble-gaté BigERT 390- Inithis £8d, it mapbaymefel tordéfime p Hin abpagteatio4 ROfin 130 as
H/WBhel2 € is @lERGsHt $86 13048 v fsiHe wide] S1HnUEE 13% 1Q nREEaRE height H and width W

orrsatl onof gat e oxi de 410. In an;exenplary
e pRte! ate, material, Iayer 420 may.

inc ﬂ‘hbd:&mexpﬁﬂbjlﬁy foi memajsi&p Cuprlick ady wghgf, in %e&@&ﬂﬁi&dri@itﬂions (e.g.
: one'n& @16@ th%aig? er ﬁ@ c%nerrlla % onen !1 l | lLor E.II;] ?é’&”mat has '
ternative ‘ondu

ni ques.

20 chahﬂ&ls alopedie d'ffsreatﬁrya%ﬂlgfewmmm @\fera@ strtbrmsbllisrraey bp an “averags” of he
carrSer hlblﬁlﬁiés AR side suMats hhfdlltop ‘SiFfacy aff ﬁnollSS lﬁrﬁio@lld& ndted YhabBe téﬁf—"dverage as

e 1 d
; use@l?e 10 sﬁo%e‘? IT& 1% |2 etteﬁl t? %eagt? E?nte o's_ﬁxlﬁy) v?}ghié gqn@glaﬁon o¥ Ehe -carrier -
mowme%aqflﬁlﬁlﬂdt walls ranmp)swiacf opBin }30zand nét 2 edictmatifematichliavexdge. ‘This ‘overall

moﬂ §fin 489 tﬁag'f et mhﬁagﬁ of éxact %&éﬁh&ﬁﬁ&ﬂm’aﬁ‘ die! t@vmgﬂg‘phﬁﬁzal faétors; such
ustra et op.Vvl ew

25 “‘*53 PP, afes &f&fﬁ?ﬁéﬂﬂﬁlwt@%\%s%e?%}3°4w i ghanngls ‘f’S’Fﬁ‘Fe stirfaces
ofﬁga:we structure 430 that extends across a channel

e ghQ IaanJll cyi]igr r%dbﬁxt}s(g i cig(gr;:%abg %@uste-g m%vf¢§e§ Lﬁgtv&ﬂ% ﬂ%ﬁﬁr&&ct ratio H/'W

400 nm erre

(i.e.cip ratioof %& E"c‘&h‘ B tm%W 9ESEP). de o‘reﬁﬂlgaper makhiligyyof §p 130 may increase
or décpeye@ with Aindayasd intfh @@Ec& Rifiy H(W, d@pendipd\6d vkitH 7@ ko Rli¥ake and the side

t in ot t e
30 sutlet PRl EH0 pRthe SR el moniR e 6 YR, ofoptn B sk the an
will pgabletedetegraing w@o@mm;e expssimemagior, lowevet, based onrtieydistlesure herein, appropriate
adjushBRRS thefn RPecPlaBOBIW 465 196 LS., MBIRE iRdctibRY ﬁxghe{lgerL&’ and by how
faci|itate 5 WD 2005/ 034207 PCT/ US2004/ 02459 et chi ng
much)fio §3ie¥s &dered pvarall o moiity of g 130imT-gath ERF R0 e For gxample, appropriate

adjusm’n@ﬁacf the Bxflasprat ﬁnméﬂ fal130 ﬁ\k’}&fepéha Qn &9 gartitufur BNvfactulispy er
structure

35 proctiBtut A i ol op P S RingS B o rofmReniAtb G Vs e

deViﬁ@d/slthyuieYleonlll@ and a larger electrode portion
spaced apart fromthe fin structure 210. The el ectrode
portion of gate structure 430 5 nay provide an
accessi ble electrical contact for biasing or otherw se
controlling the gate portion. Returning to Fig. 4A
(along line A-A" in Fig. 4B), the channels in fin 130
in 7t-gate Fi nFET 400 nay )él st along the two side
wal l's and the top of fin 130"adjacent gate oxide 410.
The three channels along the side walls and top of
fin 130 give rise to the name "n-gate" in iu-gate
Fi nFET 400, because gate material 420

for
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adj acent the two side walls and top of.fin 130
constitutes three gates (i.e., in a it-shape)
. WOtbbsM3l4r97g the three 10 channel s al ong.

.theside-walls and top of fin 130. The two side CTIFPOWONS%

of fin 130 |n n gat e Fi nisgat@emNIRY have a conmon
orientation <110>), and

C r y %iga 511. issgr 1];0 gt ﬁ]tusltlg&]nf%& fon “‘Wé’& %u-gatﬂflfleg‘rSé)ﬂ {rom structure 210 in
Flg& dafl?r in ﬁ@Ol@pchWﬂl@plﬂ@@tﬂQOﬂ coodistednwiei ﬂldlpmncxplé.ﬂﬁ #} invention.
Coﬁelﬁﬂhkﬂ &c@éhe&ﬁ@stﬁag@b fidel [o' r&govg Eyrﬁ&é lo} ﬁugﬁdeoqfde g:?%]rq% gsgﬁusgated in Fig.

s in anges t

t ch
s DR NS ReS Abcrary o 1 e 6 Hoen 122 i 6o e bt pove luscaed
at af?BSbﬁoﬁ Ffltlilg 6A. Thielatera) unddréuy bdtc&i‘ ﬁd B0 $nay Be dstdto L3flltate kimbsequent processing to

furtht bic i @e BLRIPHEde Erelzgwqf . Inthis regard it may
be xsefucl tod I ne a naspect ratio" for fin 130
Sidhing may thencbepprformed to katerally etch ﬁuosmhmmomof the Hukie oxide

layewil Zﬂ)tlihlowfﬁnflﬁm 1d @ bxentpl gy infpidmlethtidf ! du o6 «%1 ﬂr @Jaglple HBr at a high
El 400, The carrie

oy Wpel el koS i i im0,

rmb|I|t

 lustrageg-in Elgyﬁ Jiin 13aés eﬁvqﬁm uspended alfoze. buried. oxiﬂellﬁ'at 120 inQke cross-section

illuseedt@ix Figt $BAIThé Ehd @brB6Hs of f
L er;f%g%t AL épgt)%ﬂ OF%?/ ﬁbfdﬁmﬂﬁ alls kﬂ%& 83% b(:.ﬁed%xxd? layer 120
e Sushelaed porion or in 1 illsfegged;in Fig; ois éprg@g py)thgbunpchgude layer 120 at the
endscpf @? E0jadjecentrspuce/draishie giors P20y 23113 reggecthvaer age" of the -
q' &QJtJdlﬁéc érlnﬁas' 'th@r?%é fgmeﬁg% 1. For re;%Feari{]n% e fllﬂaeSlO may be

sui face

then{la?lg FOVE IR &88@08%§delf§@9es ﬂﬂﬂ;P@qultsgqu@gpf(ﬁnkjéo loees3ed gate) diefeetric layer, as
illustrated daiFig. $8N Ofkide ﬁlﬂf 310 e pRSSival to Wiidknes$ G aBbuE RMWioabdit 4 3(9& ' Dlelecmc

c lqt)thtggvg,alr bilities of the side wall
ap and- t%p éﬁr ace %'Efla&()ofg%g% and not a strict

o mﬁ@mfeeélhyaf\ﬁ@ matherhigidepogited mraiiid finrstypinird 219, a8 filuftiated in Fig. 5C.
Gate fr@@riatiayerr500 mijecoMprida bl @at@fna@rmf& th@'EﬁbQﬁ[@lﬁ fbﬁhed gatﬁ elecﬁrgde andmay

cal factbrs suc

' lncluﬁieegolygihédn%gbfgw, 1.inog c}‘éx?v%ﬁn‘éyaz ﬁl%gx%# "aP?féi"Rf’ﬂg?{HSVD? 1Q: attlﬁtgnqsagngmg

* trom oy 300 &'ty shop 190
combgnatidna6fflicornd ﬁdnﬁaniﬁg or \;EH&JS %é@fs%ak' %gﬁs% Erthe’EQQ HH%M . |0I1

A OAligrmativelyhether hamicontheting mdtdtials Suchers germaniumeor. . ..

fi ust d, "however; by varying
B ?‘9 n@g&e‘l‘gﬁ(ﬁﬁ‘ly planapiged,. Korjegangpe, 3 pfigmicplempeghanicaljpplishing

aspec

(CMRB) mey by pétforoedio that the gale&ﬂ@tenalﬁb evef) Wath-at deax@&l%d vatth dfBRIRArik EdpY140 in the

.an . ncreas

verticglh as Lh
rtical du'éduﬂn 138 Hﬁyd 1h ? rﬁaH?%\; l'l’glé t T gIrSEIgaeg %r\cl)\g V\ﬁecg?{x o&gat? ﬂ%tettaglﬁyer 520 in

thechamﬂiln ozﬁect rgtlo A
FETRRQD of fpy 1303 U-shaped andthe gatg EE‘E‘S*! gifroynds fin]. B30 oh the twdside surfaces,and

the boktprg refaceodifin {30 ThoWbp kut(ﬁc;é oﬂgﬁljoohdr\fef'er Gf &%réil ﬂy'dﬁkfecmc ¢ FapLdo. . -
OF G hilrlaPyer f{i?)%fa ) be g epa A o fw%%wdes 530 and 540 of

etermne Wt
u-gate Hg:@ G 50 Forrzample E#goiﬁmlesuhes -eion viewpfu-gipr FigHET 500 consistent with the

presentitlyandén et fateleRctiod® sBO MhdIIPLE ;'onfxé'ﬁt AQ 11![&':?4\{59 u-éakeri:u&gg 800 includes a

d t -
R TN NG L L

b°‘t°“m‘3ﬁ%°|59ff§n6f) fin 130 in n-gate Fi nFET 400. For exanpl e,
atio

a i i i f S
SRR 056 AR T 6 1% SRR 21 S ol so0me
s ‘”“ﬁﬁg '% Te é‘é‘% Wﬂ!ita@’r thepogtor effin 139 adfaqentysath exidke?10.r Thertwrek channels along the
side wali arhlcbut:omwfcﬁnm@gm&isb SRR ridkk O g Ry nP&lFa?é FibiET 5&% b¥lde QIS material

o0 e 3 SHE e 3 e 9 78 e sergat:  Recrh Ussgpe) eparoling he
chagnels along the sidewalls end bottdmueffimdB0.ng t he f or mat ion of a

UT@&(V@ siffd wdnk-df 380 fnquéZle%dFE‘i‘tsH(S Seﬁtz%age a common grlygiléxﬁ onengatlon (e.g.,

dance with an 1 npl ene t1on con
omnmo"fhﬂ?ﬂ "S‘F"r boEpT pustacepf fip B30 may\hayei4 different @pstallian biissgon (e.g.,
etch chem stry may be used 170 renmove portions of
buri ed oxide |layer 120, as illustrated in Fig. 5 5A
During the etching, a portion of the buried oxide
| ayer 120 below fin 130 may be renoved, as illustrated
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at areas 505 in Fig. 5A. This lateral undercut bel ow

fin 130 may be used to facilitate subsequent

‘w(pmg,ﬁjﬁ&to further etch the buried oxide | ayefudxg/024590
bel ow fin 130. A second etching may then be perforned

on'texﬁadoﬂkﬁfoﬂj |Bécaﬁ§e%hth$s9&;ﬁt{-ﬂ:§ HRRIRF AR 30Ot tﬂe'@lﬁmp:ﬁrlﬁ £f130, changes to

OXI de r 0 .bel owfln 130. Ln an exenp
aﬁ[baf:té'?ﬂgw qf &H SO%u—gaée(Rq]@glseo @yaﬁfeﬁgtreﬁéeral]: reqblhty of the carriers in fin 130,
singlestopigate FIJBET 400. &n piicqda, theldVerall melsility of finTEBY ifegate FinFET 500 based on its

ST AT TP ST —

400-fegerib@Babove. This §fdilarity rmfyfbe Gileitdy/thé Strustuspemitisitesdlrevded.a n-shaped gate and a
0-i
u-s% Ea@ Cfg?n \!vl@ﬁgrr thegl.éfd vj?% is lgpa{%& %’)% Iélg ?clag or%on:?m surf_aL<§6f fin 130.

I FTustrate
howeimifar to-gatediFET 4Q0; theyeverall car@er mt?blhb'wf fie P0G -ghte HinfFd 1500 may be

adjm by aaﬁn m@ fir ﬁrﬂﬁiﬁff}wp Qi bvAIN Q:Iméﬂn{bbﬂ-l?yQ)f fih idé%& Me or decrease

the buried oxide |la

IS S l#aﬁ $ ﬁ"ﬁ b 1
withf anegt cHlp O SHER S 8 Paestand Fedegtiioesof
13m®thah|ghe2 Sdrier mobilite diei tv isd cyystanxﬁe diegation. (thek silted inahel syl be able to

dettthYhe W{ﬂjt pl%llé %{:&%@m@ﬂm hoﬂer na ?ci: %rtheecfl(S%Mre ﬁ% %Ef‘o Enate dadj ustments to

oxide film5b51 Fown on

the &in arpecs ratip O of %‘n‘ég W%w\aﬁﬁlrfch@ér Farfigrmobiity of fip ’é”@tm u-gate FinFET
500 gate dielectric layer, as illustrated in Fig. 5B.

xide filmb510 may be b égmﬁ kness of about 10
A to about 30.8 A Dieleciric cap , however,
pr ofigctAsise mrossseqsionsillustrating the forfmatipn pBOrountegate FinkBT 690 fepin structure 210 in
Figé. aX@#d 2558 QccHﬁch@ hﬁ{hn Qﬁpléﬁ%ﬂ@&ntc&@lsteﬂ{ Wik émtléxﬁes of the mvenuon
Conventasal L{fhech21 25 b I%trat ed. . :{:qﬁug dz 1 bed ab
EOGTA) SIPH ohpURtEy ey o e i e pFicog o4 Béd ok WA P dafried above
witlf referendedo Eiglfid'e fumesvnd stchingnmaup then bpaptedforeied wilaterally eh d:mualythe portion of the

buri'e@&éxdéd@elpﬁb lﬂé\lbvl/ fif130. ﬂ%}? %inbﬁg uﬂﬁlggi&tanon, an xsou'oplc etch’ usmg, for example,

Onve Tl Ona chem cai ..vapor. deP .
1 pressyre, My peperfarmed Péﬂ*g?’ﬁ gtoh thrqughi the bfisg P’“@dﬂ"’%}zf’ 8""’“’" below
fin 153@0!8 lug@Q in'¥Fig. SBriBih 130a4 yf,fecﬁiehenspended above buried oxide layer 120 as descnbed

,__abo@%qggg, gtﬁg’] materials,:such as.germaniumor - " " -

ombi nat1ons of silicon and %%[r ni um
or vURlike Fig. T Mhgndorping roundgate FiRET 600 dinlectsis £ap 14Rever fing)30 may be
rem&3ed @.g1by Eﬂldcﬁ\k elcﬁyQ,flea'S_)ﬁ@a By fid T’Be@uslb&dﬁi ABRIuARGxide TRk 120. A gate
pical polishi
i A0ty T B2 R B o0 o Bl i 20 oS g ey o
on al} E’EPPM surfagas omixt HO tiagliap & gatd d;el@lw laydiQ s iHustrited in Figr6A. xide film 610

may®k go&h toQi thiciaess bf dbbii 1d AtSMode Bo K Bieleafic cﬁeﬂz@ Thbwdver, ﬁr@tects the top
5: the cross-section of gate material |ayer 520

surfacegfanS ‘channel region of fin 130 is U shaped and. the
gat4egatearh@eriabllayes 6R0mey thehs bef depnsited @ronmd firhseruttuve 2 K)i, gbdllustrated in Fig. 6A.

Gate%ﬁet-xﬁquir 62@ 'Prgy cc;ngﬁseQ% graQ maéHe(lff&% sQlIsecL glﬂlg}g}g %ﬂ%{e&t?c@c and may

surface of owever, is cover
includepplysiligen depqz&%dé'swtoe\‘ep%ﬂnal|cm?al ¥POr depgsitiop K5V e0 a thickness ranging
frompabdut S00ned aBd’ird 1080 Ahaterhativdlp blﬁhﬂsbﬁc@ﬂhéﬁn@ hﬁ@ﬁﬂ@ﬁ@ﬁgs@&%amum or
coml?l?!lﬁon%%p silicon an% u G E,%r \l':ano Fs%l; t{)&g bEIOr %&”E te xhatelixjsilg' oD

UStrates &% ew. o
50 Gateanateriatilever 62mhthtm patpme@ mdtetcthe fririn @ gateftiuetnre §3(t of round-gate

FinFET 600! Fe gadﬁqlléﬂ'gesqrtﬁ) Vi (m?&imd-?ﬁe Fﬂuﬁ#ﬁéob @&Engtent with the present

. -gate Fi nFET Q includes a structure wth gat
invenp e pasn S OBt el rove-8as SR s g sructre
630 vsdmrgnteundhugayex’rﬁeo GFigded) sarraindifieall o isidesvfsinnioace of fin

13§em§ '%51 ({181g'l:1 eg.% A (ﬁffé% BJ‘ %e cil n{?els(_\l&%n '1__@1’.;1 %;81 sie FinFET 600

th nne
may exist along she tﬂ? gifryvally ghetappand ﬂ@éom ¢f§ndﬁ‘da¢4¢ent Batst axisinS 4. The four
chanrkls Blodgifle A8Y WlIE e tPPdn@ b6 iR 14D givERe lotheSfAme HBUEHASAHE” in round-gate

al ong the SI de walls and bottom of fin 130 give rise

to the nane "u-gate" in u-gate Fi nFEr 500, because

gate material 520 adjacent the two side walls and

bottom of fin 130 constitutes three gates (i.e., in a

U-shape) controlling the three channels along the

side walls and bottom of fin 130. The tvvo Si de vvalls

Y Y AN " . [ e ——— - L o o
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7 WO 2005/ 034207 PCT/ US2004/ 024590 orientation
<100>). Because of these differing crystalline

. Wo SodkAsiens of the channels in fin 130, change
the aspect ratio HWof fin 130 in u-gate Fi nFE§C2®62004/024590

SRERE 68, N Scarrjers in fin
e ) B i 11 b i o
along the side. t??omdlb?‘fwsﬁﬁfa‘:fsi%ﬁllﬁﬁ in u-gate Fi nFET 500 based

on i Tie twasigecalls ¢fdh i1 S0 H&ﬂ\‘d@)ﬁ EREFETS0Y miyHadd ﬁqmﬁlgxh&%gihme orientation

:*%;%‘:eq‘%‘ﬁ‘ 1R sl 5P e BStemsiretas ?;%Emyg'a‘@. dicee, g common

ngerieggiiont(e. ¢ drientation g0 Bkcagseof these diffex chyethNiseamiemations of the
chﬂmahiimdm akah eatbqh@aspe& .&%@FW% ﬂl‘ﬂﬁ’m Qh:fd‘ %%%'FWET B00 may afect the

is |ocated

\é%lf I}f‘w tlrw channel
RIS IO R —
over@lDmotiilite oKﬁnﬂBminhotﬂdi-g:fté EHFBTW00 bdséd/onGt adpbdirakS /W ﬁa}beﬂzﬂ& Somewhat

B e Lot T e —

ratio
hag que moredorizontal¢basing e n-gate FilFEIHOD amlemaeﬁmfsa)m Iegugteedlhr, this additional

hoﬁz@hthl@hel’rynéd\lon qx@ & %pﬁoﬂ?m ?Dfn&?gﬁxg f t h e tﬁpp a%uralrgcf: ’%gc?r?l?mé%mty for

the side surf a es o
m% g3 FIFEETQ@Q differeptly ghap gho 9reaa|ll|mqhén>ovaluemfpm:m@ rTe-galB 8T 400 or u-gate

FisFRTbded in the art will be able to determ ne w t hout
i on: however, based on the

und er i

it S ST P18 FIRFRT 400 s 6N Sarece ARG O6 B 120 1 fguncy gais FOFRT 600 may
be aljysed by vagtingaheHfin\Adpeét rdtio /W .3 Ohet oVerald Euiney RioBilitgl 6fin 180 may increase or
oS AL TR Kbl e e
surfages afin 130 hasghetbigbericarrisrarobility dig todts prysiailinecprientatipi. (IBESE S in the art

Wﬂrm@g" Bt detaintl véithduk UndublexpérinttfitatiohhowWaber; 3355&1 En ﬁ&&&[d&‘ﬁ@ lﬁ‘&em appropriate

4 sistent with the Ci

sl 1t AP RO AT SR BT RV i R B Ao o 1301

roupcsgate RIFETSASve portions of buried oxide Iayer 120, as
described above with reference to Fig. 5A. 'A second

et.chi V, _ to laterally etch

thro u?;) '\?ﬁ‘émp [ iﬁ% ‘?‘QV%?

bel Big ¥ schemr@ally illlm:atema t@mmdfamfer hmlluaﬂgmmn devices A1, 720, and 730 in
accdr&éef \Qﬁ:‘aﬁ efeﬁn‘ﬁﬁry%ﬁib%ent &'rthe%‘?egﬂ? n@enugxP ﬂdﬁgd de ﬁy&'l%ﬂlusu‘ates the

waf? E‘ perfornmed tera
T Shigh ot W@chdm mmw%dewwaﬂ 0,726 i 3 g drmaso et pforpt dvies
710,720, anda’§0|niabr um a differdntioverdHi cgmex&i?obmdés rDelzﬁ& 716 720, and 730 may all be one

devied tg’l?e%l ve ng ?ﬂe faae é)p ggate gyéﬁ?‘%&{ Ail[temhtely, devices 710,

deSc
720,.and ‘Z30_may .mclude two oUnd)rp {lifergijt gevuﬁ B'pest Gmbieegathlg'ET 300 T-gate FmFET 400,

u-gafequ’xﬂ@Tg@(s Gndtb g%{te RQReT %Jbe#og Gk le, e ePle ﬁgﬂ lgyﬁg'll‘ 00 \e}ndﬁ one of n-gate

renove sele

may
FinFET 699 é‘gP‘FrFIP.E@T 09sand mwgmtﬁg@ inexhawectheime aysspeq@@o H/W, but
may Aorgehkless have diifefhEfvtrhll GarrlePANOYiliHER N ueltH BE acﬁﬁlorxzﬂ) ﬁdﬁ%tﬁl@ ofilied channel(s)
mﬁ@%‘mg@{) &)ganpl e, athin oxide film®61l0 nay '
rown on all exposed surfaces of fi | n 130 to
ac tFugker,ghecgadup ofidesicas G0, 720, arel\780 mayl He IN-typz:tM(as @MO3) dEvidgs, P-type
MOSEBMOK loflfonde k4B B0 ofmbs%d M‘é‘&e&&s Q&@Jﬁ%‘%ﬁﬁg%os (cmos)

d ig 10 A to about Dielectri
evicy of‘*&’l‘l“%h Pepicest’ay 724 a'rdﬂa% wayjre °Pm<=t1d39 othﬂ dgtiees opintegsopngsted, these
connéctiyr laretaillisByted nheig Der a@@ﬁglpmmaa,pund fi n structure

JUS U AR RS ——
dev1cgsu%Q é'éﬂﬂé"ﬂlw be mmgalif@reet @@lali caphéer aobiilitiea Yby virtue b different fin aspect

ratiosfHOWY Sdr b VR o 805 %ﬁs ¥3¢ AR WL iP AR er ﬁgﬁlm' ﬁl?}l be varied based on

de ition to a thickness rangin
the ‘Yg%‘g‘lﬁlfv‘%dg&i?ot dp %{BaEﬁleﬂfe'e@nAm}&F%\wﬁléhq Rr@flgles thqewenuon NMOS
seniconducting materials, suéh as ger nani um or
conbi nations of silicon and ger mani um or vari ous
netals may be used as the gate naterial. Gate nateri al
| ayer 620 may then be patterned and etched to forma
gate structure 630 of round-gate

L
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35 Fi nFET 600. For exanple, Fig. 6B illustrates a top
vi ew of round-gate Fi nFET 600 consistent with the

nvention after gate structure 630 |slfcqr,ﬁgigo4,024590
&g%ﬁ)ﬁu dr7at ed, round-gate Fi nFET 600 includes a gate

dev%eg H&} ﬁérfgrme@% N o‘i/galﬂgxtn F?lnrdl@% & Eel&%ﬁ) ﬁl( Eb&t ra%at is larger in

surroundi n four si es of Ret ur ni ng
maghigde @2y 35 ‘tS‘h\(j““Pl tpn the operall carrips TEOLliGDy vigtprof e AP §°“f°ﬁd fin aspect
ratfoj of PMBIS die vices Orithélsaghd tva¥erohip FElTerﬁmy ans deviéeS tnaytle@sitfted With an overall

wal. | Sy the f i.n
ca&%ﬁ%ﬁqm a6 R Q th%“fgd °V‘T'ﬁl ou FBQ E%lgl PG othe same
wafeﬂ@ups Iﬁd'@mﬂ!ﬁlb':l tke fintabpectiratios forandMYOS dayiee (pfg.. fdpvice IEDmg!ua\PMOS device (e.g.,
de¥ide980)tnRy Bbﬁle&m thal ALV SkRr mbbllified Hﬂﬂe & are%pﬁf@xmately equal.

200 /034 PCT/ US2004/ 024590 Fi g@ Se
gat P PLdvREouTA LY Brsest PR A Y ar! agﬁ’?’b‘iﬁ‘i‘i‘&“e Fepf (-2

invérgf) I‘b‘@m gat), memayy ¢lbmeent, DOR gath &) e Wathinalsinplg citchigelgmene for example, one
FthE'p devﬁ:@ QIMythQJpasﬁwt Ee% dr 0 I-f/Wn ;;g’&her FBPE]‘ AchShg Githin the circuit

fin I'n"ro gaeFlnFET have a
elee*m&ﬁ%haa? %“f%{'r’ IﬁP Apeciiet M fprcmamqlétogchwve A baaitedR g cureat between
devickd 119)720. dp ebntehﬁplémtaﬂm cduibcénd Witls the f)mmes Gftheflhwﬁntﬂﬁ (Ghendifferent-aspect

but. co S L ent at i
ool o k18 0 Bl SO B ST LABEAL L Bl
sourqeidraingegidnrirdeyice 2i9tvathia drain/sopfrcetrpgion in Peyien é?Osm Fig i n 130,

ch am&ﬁat&? of mmaﬁaﬂ? &h ad'paztt fa@oslﬁ/W@afy bk hitied BwdeR circuit elements. For

exfspltr e AR RO it g g more FRREE O icp i, T Saits 740 ey bave
first fincpapeet ritior HFWT afgsocidtent fipst awtall cariertnmbilityy \Aesepdrdte oirpli dlgntent may include

oneQf mbie BintBP dévﬁeg BY g Qg&or@ﬂ BELotOR8 HIWS £ 2QBtidtedd Second overall carrier
aspect ratio H Wmay behave sonewhat dlfferently from
Wltkat e Fi NFET 400 and u-gate Fi nFET 500 at® | east .
bec Butther, faore thihi Onei design@oiidtlaif) iag bédaridFied bﬁﬁﬂynit@helfﬁ&sm eatlo(s) of devices

71d1%6 Eonlé}%dt %JQEEFQE%:SBQFMe i 2Rf3n Gm&i@s’e@ gsgg?xtﬂrlﬁﬁe, @f\% 710 and 720

articular,;

mmw%ﬂx 5‘? NMQ§ MMWPH@GQ% a&M%%%?n Algpy fogge grersisting design nle

 mayleXf3t, KaRY as/vpm%;a 53[,: g}&(fs e)ghﬁﬁlé)?gﬂMO?ﬂfaﬁiel mﬂmth;\hlhgtgﬁ Ifrb]iq to the NMOS _
at e I n eren e
channeiéwx?th? r51V él? u es CTun'r (t)seolf g’ﬁ er E]- a %S%}a‘% %%moafl%nlfed a thls manner

havesomE E?es@@lg retitionshipr Adjusting gaﬁeaspmmgqs of deyiceq @ ang\7/2¢ HM permxt a
différév Erafiel WiIRIthiiol(d/g, OF: 2)fd'lﬁle ile3fing tBe {u@léﬁstmg didiokship E&Weeﬁaﬁ drive currents

ot ks i Bt B G ibT Ty b3 4B RS0 e o e s v

3:2 jahq aektherespectivelpights &k end\i tofhdeginesi 7€ and/2@ manbefadinstedsp thatithe r%pectlve
fin Js@t:t' r&oﬂ-l%l Qﬁﬁ?ﬂﬁ' ﬂ?&u&%e%é&ﬂu&i d.n*vg Gnitem&m&%ﬁm he

sur aces and . surfaces of fin has t
hi ghtgrmately fqllévngﬁ'efoﬁwames; ra¥igeotdgvises $10ap¢ 0y prgit he same channel wid
ratlcc(é E eﬂl)aﬁmmreaﬂ_rl@@&&v latibnskiplbdtweeh the deivel curreiitd df ddvizesciD andt7@0. Thatis, -
the rgsigc%&mvﬁﬁlf targ&y%crf ldgvgclés%l )e(xpdq 2b n%ggeaste{ 84 2 1%%53\4(? the respective heights

osure
H, apdiily of deviqes €10tand 120 apay bwdustg;bsetthat e reaaew\wﬁe #sp@qt ratias3H/Wignd Ho/W,

prodﬁ&h'n@@/ Brive cdﬁe%'t feﬁgmﬁ\{@{:%_r uBlQkibd QhrehOBUrhdeh YeviRés 710/m03.30

ate )
AR AP SRS PFES (B B pgRs CRRRREM NE! TP widhs W,
and Wp)gnay Pe seidqedron 3dﬂaﬁdgyhelrﬂakkﬂ$ tised togmtteam, o xampdephoforeaistpaesle S0 in Fig. 1

that fs G&h H)%xlﬁgf I‘F 136 Eﬁ%QE VSxﬁ]ﬂﬁ' ﬂlphexggx_%Q)f dlﬁ@tgntzlgsgcek ﬂ0/720 (e.g., hﬁlghts H, and

accordance wt n exenp odi nent of presen

Ha) may\be pelsctsA by wisetively n&%wéom%\% 34 and efcplpsjg%’?rafpesed fipel 30 tpgeduce their
heightaf er (or chi p) on which the three illustrated

devices 710 ! nd 73

o P odepptonc 3gin o RiGeefefich, R8T P} gt G gy ve
formedayithi differem fin dspect mios. Teesd ditfexentdeFices77A0/720{TR) ma be fommed ai the same

be one device type of n-gate Fi nFET 400, u-gate

Fi nFET 500, and round-gate FIHFET 600. Alternately,

devices 710, 720, and 730 may include two or nore

di fferent device types of doubl e-gate Fi nFET 300,

n-gate Fi nFET 400, u-gate Fi nFET 500, and round-gate

Fi nFET 600 For exanple a doubl e-gate Fi nFET 300 and

o Y - .
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30 Fi nFET 400, u-gate Fi nFET 500, and round-gate
Fi nFET 600 may have the sanme fin aspect ratio HW but

| ess have different overall carrier
mblopgéﬁégdue to the additional horizontally- oﬁ?é’ﬁ%zogmusw

wafep @trbﬂﬁlaﬁcﬁalay e‘xﬂblF Jhﬁé:rg[ thé %g@&ﬁ%ﬂ Elwxﬁt;ﬂ & dlﬂetegt%vgﬁlp%er mobilities.

of deV|ces
Ad(Ws % resg]émg sp'uqttyﬁ exhnbm% Wneé peh%%ﬁ addition, the present
inveniah progitiésQutreaded NbABRItR ivd c\Rasil@ itktegfated (o @nventiona! procéssing.
conpl ementary MOS (CMOS) 35 devices). Although
devi ces 710, 720, and 730 may be connected to other
devi ces, or interconnect@HERIMPEEMENFAEION ons are not

l I I LI:‘SEdirﬁtuﬁ e:heamEéxg n rZaybe ﬁesﬁzlxb?ertb wmefmua& Eaiﬁﬂﬁ@tr'oﬁn& than as described

I N V0
s i EA T reaias Lepatne e papior ispbete R o i accorsance
withl enotheeigpEinentatiod of AR Prespm jnvégiod. CRigr84 ism drdss-stctich dlugnating a processing stage
afté?‘ﬁﬁ knktiof ihitef o ﬁ%ﬂa ) ialshiSh a0 Yoy Be&smgﬁ o firktQlefoBiic faje? 830, a

yect rati os or a variety of desi q reasons.

dielectiglaver 829, ged W@F%EP B10¢ Afthqugh "%t}b‘?”rafe@ $A-fia 840 may be connected
atenmrbﬁdohﬁmednm-ﬂﬁglb:heesm&mg 28pvi ce 710/ 720. I n one
i mpl Lstent wth th l:QCi-pl .
S B 0 e S OEL Sl s o
84Qy as illstzated in FigAB. iy 448 affeetivels suspapeedzabpve serond disfectric layer 820. The end
portm@ of ﬁ:t $40, HoWevét, brk el Aatfichéd 15 aiee&ﬁaﬁﬁhgfﬂrﬂ d@m@ahyef 80 dd the suspended

ror 3 b R 0 B PR i e 65 e o e cocs om0

adjgrert the s@ndeldyairstetions (tishbvm. aspect ratio, of PMOS
dev 'ACgQQ dﬁnzcth@ ﬁy§ ﬁﬁ?thwefﬁrn&h&mn ﬁbt ?Jr @%ﬁieYa tth ME& film 850 may be

deyi ces ormed wiith an overall _carrier
therrally #PY3on %Efg@fed SEarEE PRt 3040 tohans sl dielgcrs 1ayer atillpsypteg in Fig. 8C.
Oxidofilinl §50 yhapbe diivaSo 6l duickaeesof avut 106A abeut 30 Aaf er / chi p.

'(A‘l t ﬁrﬁé?jl%\lﬁ{%l gyt}%d) hlgy tﬂé\ﬁ)@ ﬁépo&é& gxsﬁnéiféﬂ% ﬁna.sQ'ucNM:go qgmoqﬁustrated in
Fig:2%)Calfpienal layer 460 may °‘§‘l§’“i°ﬁ%& gae H@teselef?raﬂlé solsigupRl ormed gte lectrode
andnmp iriclufid @aysititontdegdsieta usingdn\ahittonslofidntizal Mapbraleposid6HIEND) lota thickness

ran%?%/fﬁ'ﬁl a%gutgso R?'o"a%% ?&f)%u A}ltte &/v%{y otlt &nuc%ga%gtmrg tm%teha?iiﬂ.ﬁgw

Irven Ircult
gergpiug orﬁ@n*mayoréwém@ andramagam@r V@toes I}letalwmﬁe msed aSsthmaleeemtenal
Gat@inﬁt@ﬁhl laye? |8&Tﬁzﬁ'tbe sﬁb%uéﬁﬂﬁm&ﬂed 08 gatkhddfghd elol@¥deT6t rglﬂq@-gate FinFET

irst fin aspect ratio t her, Fi
S0 ARGl i (R R ot Bt AR, SO0 B felby emovalofa
dielergedayer 3D or adprasedrificialtlayer) Gddedfih §40r - exanpl e to achl eve a
bal ﬁlriﬂéeprevidﬂs && }Sgong W& Bids sﬂa@ﬂ@&ﬁls a@%&'f&ﬁxssuZlﬁiQ/spZzg@c m!ngnals

sonme i npl ementations consistent wth pri nc%tg es of
SErUgtyFes. F‘ﬁ?h‘?ﬁ‘ts PHITSSSSHFEP- it 98 foamevide Shorqueh F'ldﬁ‘§‘a'6‘f“ga ¢ prgsgnt invention.
Howé#63, tlaer;desé’ﬂ Ghvertioh el be pratidéd withbet i@ tdtingi Yhel3pecifit 8@4ils set foirth Yierein. In

onef BRAEGH B8 iy pocbing SRR b Moo PR Rl R 0
“""qcPFSqugObSCP)e thenthaugtiofithe presgnt igyentigedi t i onal |y, fin aspect
I at THe Yietdetié BRbeoRBctE Lal &ﬂus%ﬁ‘fﬁﬁﬁa&dﬁ@h‘h&m&h&%ﬁce iT@écordance

|l e,. one circu el-enent | ncl
with £ e 6 b et oy oISl JERpp O hEi e, o NP
metdflizateon tdchmiquas peb s vagibus typby L VRmocasesontladirglow presstre CVD (LPCVD) and

nhgéégt@bl @:@b 6% e ty. A separate circuit el ement
o (E 5 aoneégm(;&r? )Jremre Fi nFET devi ces 720 having a

may )
Sech afefﬁnhm&gwc% applieble toptheiprmaien of s v ariortfYRS® pigpRiconductor devices,
and IQ:H@[ dekdils Rave hbt@®Ben séTBdRihlin drier tddvbid hBqumfglﬂieth\éﬂ aﬂlheq;li’d@ent invention. In

practlcmﬁ ?pre%gr{t] ic’ntv%n%%)p E:?nqu){lona?%ho? El%&rﬁ]ﬁ; ayébtclg &Y]t%cﬁlg? ! hx%ere emlif??'ed and,
hence, ithe dpfnilsmf sysh eeshnifues Have iohkeemset forth bereiz Ingleed her ei n.  For
exanpl e, devices 710 and 720 may respectively be NMOS
and PMOS conponents of a CMO3ldevice. Al so, sone
pre-existing design rule may exist, such as (purely by
way of exanple). the PMOSchannel wi dth havi ng a 2:1
ratio to the NMOS channel width so that the drive
currents of typ| cal pI anar I\/DSFET deV| ces that are
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25 different channel width ratio (e.g., 3:2), while
keeping the pre-existing relationship between the

W0 208s6345¢-ents  of devices 710 and 720. That
respective widths WL and W2 of devices 710 and%ga%ﬁﬁmumzﬁm)

be mithet, @ltﬂbagﬁhﬁlde duirflcek 8f FifRETARce AR/SO6/8008 G e b¥§1 described as having a

<[y i o oot i havs o S5O0t S piag g 100> crysaline
OHMWL faamum Wesedevingt io ethertimplpmeantatiois Stay regulitdh sidesusfaces vathta <100>
cryEtﬁhﬁbtdn&nﬁiah khd t&%ﬂd@k&ky wu}laag&hle? Eﬂy&ghl;eb)ger{ tion, %l‘?'cg gscll 10> or <111>.
rati os of devices 710 and
char98) thegrejerd embpdiments of thednvgntion zndla)few famples erltemawgy e shown and

despribed inalieqpirdsenndittopurd €t MRS uhdeRtobd thit GheGiektRR tsS:alﬁfale 6814 if Ostious other

VA t t th
corleh 8 o e epp i and Soga S mpBRRE iy U Shotp e ety concept s
expreswd pdihect i ve hei ght s H1 and H2 of devices 710 and

7 2 O NoGRYmbE, adtflr h&ﬁﬁ-&donﬁﬁedtxﬁ" @t d&&ﬁu&neo?ﬂﬁ‘ﬁIekéﬁ?apLﬁcﬁu&§ﬁb%ﬁtbe construed
os H. /W  a Ei;?J{,%oduce new drive current

ARSI R: “‘f 8“%‘““ Hgitly Pehits Alatamsee) herein, the article “a”
is 1‘!!‘2!'@1"1(5@901?@@#7@ @ore ity SWhegkanlyl apelitdnnis iritedeall the tédnl fone” or similar language
is uRAPTRGLAL 6f dheidVe kces

710/ 720@( e.g., \l;\;th% dé\ﬁ%bys%é;&aéﬂg \A%"E%“‘Qg"‘e‘ 'sel ected

by adjusting the mask(s) used to pattern, for exanple,
photoresi st mask 150 in Fig. 1 that is used to form

fin 130 in Fig. 2B. Simlarly, fin heights of

different devices 710/720 (e.g., heights HlL and H2)

may be sel ected by selectively masking sonme fins 130

and etching other exposed fins 130 to reduce their

hei ghts. Thus, in accordance with the present

i nvention, different FinFET devices 710/720/ 730 may be

40 formed with different fin aspect ratios. These

di fferent devices 710/ 720/ 730 may be forned on the

same 10 WO 2005/ 034207 PCT/ US2004/ 024590 wafer or

chip and may exhibit different the sane overall
carrier nobility or different overall carrier L
nobi li ties. Advantageously, the resulting structure
exhi bits good short channel behavior. In addition, the
present invention provides increased flexibility and
can be easily integrated into conventional processing.
5 OTHER | MPLEMENTATI ON I n sore i npl enentations, it nay
be desirable to forma round-gate Fi nFET ot her than as
descri bed above. Figs. 8A to 8C are cross-sections
illustrating the formati on of a round-gate Fi nFET 800
in accordance w th another inplenentation of the
present invention. Fig. 8A is a cross-section
illustrating a processing stage after fin formation
(simlar to Fig. 2B). A silicon fin 840 may be forned
on a first dielectric |ayer 830, a 10 second
dielectric | ayer 820, and a substrate 810. Although
not illustrated in Fig. 8A, fin' 840 may be connected
at either end to source and drain regions (simlar-to
Fig. 2A). Selective etching nmay then be perforned to
renove the portion of first dielectric |ayer 830 bel ow
fin 840, as illustrated in Fig. 8B. Fin 840 is

ef fectively suspended above second dielectric |ayer
820. The end portions of fin 840, however, are stil
attached to the remaining first dielectric |ayer 830,
and the suspended 15 portion of fin 840 illustrated in
Fig. 8B may be supported by the first dielectric |ayer
830 at the ends of fin 840 adjacent the source/drain
regi ons (not shown). A gate gielectric | ayer may then
be formed on fin 840. For ek nple, a thin oxide film
850 may be thermally grown on all exposed surfaces of
fin 840 to act as a gate dielectric |ayer, as
illustrated in Fig. 8C. Oxide film 850 my be grown
to a thickness of about 10A to about 30 A




20 A gate material |layer 860 may then be deposited
around the fin structure 840, as also illustrated in
Fig. 6A. Gate material |layer 860 nay conprise the gate
" material for the subsequently forned gate el ectrode
and may include_polysilicon deposited using
conventi onal chem cal vapor deposition (CVD) to_ a
CI} \gkness ranging from about 500 A to about 1000 A.
*nat i vel y, other sem conducting materials, such as
ger mani um or conbi nations of silicon and germani um or
various netal s be used as the gate material. 25
1. Gat A seEreandystor g%é?e’ §80PHEYEbe subsequent |y patterned
into s @ale and gate el ectrode for round-gate Fi nFET
800~as "destri bed el sewhere herein. In this manner, a
r ouasligatadingilayeE fodod orethe pebstidiehed by renoval of a
dielectrjc.|ayer 830, (or. 0ot i flehal | ayer)
undérirs V§ﬁ3&mrﬁ‘FH@QHPE@PQ§§”§§§§??B?P ns, nunerous
speci fi ¢ ,08@id Foried diethe {reulating fayeh and haying ffirg fin aspect
materials, structures, chem cals, processes, etc., in
or deatidg;@angr ovi de a t hor ough under st andi ng of the
present inventjon, ; PSS mprivigNt i on
can be pflasgf?%de@@\ilﬁet ﬁ’gﬁ?@pgggltn?ﬂgﬁ%gg ?ﬁe sp.ﬂc)aci Iﬁjc
details sejechm fild foemed on the msubting dayien and hewag asgeqnd fin
known processi ng strucguhes have Fog.been described in
det aispect ratiophifferenhiomithe fih SR ASRSG 13 ohscure t he
thrust of the present invention. The dielectric and
conductive | ayers used in manufacturing a, . .
2.seni Tinsbutiéanductey Hewcd of eletod daherein the 8hst druice ApapMOS
i nvention can be . deposj .conventi onal deposition
devecerand dhresecond eVé‘iFaﬁqu %@g%é%eal lization techniques,
such as various types of CVD processes, including | ow
pressure CVD (LPCVD) and enhanced, CYyD (EGVD) ca e
3 enpl Ghestmitoralugtos device iqﬂv@ﬁpilgwhw“%ﬁ |¢%‘%V€$et%‘ﬂttﬁ%se°°“d

formati.o f.any.of I pes of sem conduct or
dﬁ%%ﬁ@E§P°uaﬂﬁnﬂ%ﬁwg?ggébg#?g&%éve not been set forth

in order to avoid obscuring the thrust of the present
invention. In practjcing, the present .inventi RTI

4conv @ht senigpndistar sleVich R ciaim; o WgEFIR A @ﬁﬁq e %ﬂyrl]) |lhthJ n the first
ar e | oyied and . i@} mdbidity Hkdl second fin of the
ﬁPe@Hﬁggﬁggewg%égﬁgéE%EZﬁﬁng&ﬁg??ﬁhﬁereinﬁXn det ai |
sdcbni\@evi0®5/ 034207 PCT/ US2004/ 024590 Further, although

the side surfaces of FinFET devices 400/500/ 600 have

been descri bed as having a <110> crystalline ud
ori entati p oM eheréiacmsfifadevite urther includes:
sdescr#ﬁéﬁgggﬂﬁgﬁ§ﬂ§“§£<§%%§hgrystaIIine orie&laﬂ;on d

f abr iacfsi ge dilectries foroediovas least thien svracep PERS b AL

may result in side surface j £ < If1%€ and

o crf a1 B EMEFED P B O o it Qe oo by RE B

Cr Y St ohd bSO LBl Vi fudtep opsles:1 10> or <111>. 5

Only the preferred enbodi nents of the ipnvention arfzglaecorld
f ew exanpl escofd gate dietactrig formeqd onrab leagiglifee spjaces ot the's
described.in the present disclosure. It is to be
under®3@88 that the invention is capabl e of use in

various ot figlond QAL nftadriad fermedioretheiat eastshtes sarferes of the second
capabl e of nodifrcations within the scope of the

i nvenfihve concept as expressed herein. No el enent,

act, or instruction used in the description of the

present application should be construed 10 as

critical or essential to the invention unless

explicitly described as such. @Iso, as used herein,

the article "a" is intended # i ncl ude one or nore

items. Where only one itemis intended, the term "one"

or simlar |language is used. The scope of the

invention is defined by the clainms and their

equi val ents. 12



CLAIMS 1. A sem conductor device, conprising: a

substrate; an insulating layer fornmed on the

substrate; a first device formed on the insulating
" layer, conprising: a first fin formed on the

LTI SRR e
ﬁrsr %}g Eﬂazéﬁglg :haréafo?ﬁlgﬂ’ od f(fn!lrrbufff%ém R Fidsh@n. nsul ating

aving a second fin aspect ratio different
fromthe first fin aspect ratio. 2. The sem conduct or

devjce of, claim1l wherein the.fifr ' [.Sq;
7. Govy besamiaotfiet dbghh draliee ReeieERpaRsl alcuigRediyna e
secgﬁ@.hgt@ RGP arél €348 oRffold sakfatel, of Wiedeeomd fihe fir st
evice and the second device are included in a single

circuit elenent. 4. The sem conductor device of claim

1, erein a,first rrd e Wity in the first fin
8. of ?ﬂ%s?qllfg?dugéo\fidg‘éﬁ?s&&? 4‘?’2? kg‘%ﬂtehj'f‘u)r['om a second carrier

nobild firkt i) Habe fis Geipit fridna fifst Width ané derfirsodevicefurther

The sem conductor device of claim1, wherein the first
comipia$eSe further includes: a first gate dielectric

: . : meinti
or 'E%%isti"dj%@&ag fagﬁi f&#ﬁe%eqéa# ERCHSeeides € tHel first fif, iaRd

and " a materi a ornmed on the at | east three
sur fadtreisgaed adjneert ihiesfirsf dintectaiedayenher ei n t he second

devi ce further includes:.a second te,dielectric .

f or nescsesnhiin heaseqnidiiely oy %%@?og‘?wﬂﬂg afgd fe g ond Jpvice
ﬁﬁlﬁ@c@m@ﬁ&%ﬂd gate material fornmed on the at | east

three surfaces of the second fin. 13 6. The

s enmiaceoshdatielectdeVayee fofmes eri shlgast three ides of phe seppng fin, and
gate dielectric. and . the fjg. t Al ar ] ar .
f or ReBCYK 83 raggﬁ?r\gé ees§°%[fd élgfgcgli%rl%fe 1 ?.‘b@.relq’hiﬁm ratio of
thS BiFSt fERAUMARIrsRMER ddfferehtatdth @.seoundraticiof the sead helight and
gate dielectric and the second gate material are
se¢dmedtlon f our surfaces of the second fin. 8. The
sem conductor device of claim1l, wherein: the first
fin has a first height and a first wwdth and the first
9.devipe demitdhductocdeicd selaina8f further ahingirsotg: i ¢ | ayer
formed on at |east three sides of the first fin, and

a figdirdgyice farmedon the H’ésufla}t‘rngtlaﬁré‘loé‘&lr PI% 1 ayer; the
Sec oapglirfdlfgl gﬁ-ﬁ'neﬂ AGRONEuIBGAG A e BRd RavaEE # BrdMeilitl andd third
t he sécon evi ce
width,
a third dielectric layer formed on at least three sides of the third fin, and
a third gate adjacent the third dielectric layer, wherein a third ratio of the third

height and third width is different from the first ratio and the second ratio.

10. The semiconductor device of claim 1, wherein:

the first device is an N-type device, comprising: a first fin formed on the
insulating layer and having a first height and a first width; and

the second device is a P-type device, comprising: a second fin formed on the
insulating layer and having a second height and a second width, wherein the second

width is a predetermined multiple of the first width, and

14



further conprises: a second dielectric |layer fornmed on
at | east three sides of the second fin, and a second

_gate adjacent the second dielectric |layer; and

wherein, a first ratio of the first height and first

hei aferen e g Erap Al oG Thient B Ppfiney o REG PR

moggirf ham@ r&t;{ﬁetaetvh;er appPoifhfely &jualsth dalidrdn SNty thOP RSt

e insulating layer, conprising: a third fin

devier.ned on the insulating |ayer and having a third

height and a third wdth, a third dielectric |ayer
fornmed on at | east three sides of the third fin, and a
third gate adjacent the third dielectric |ayer

wherein a third ratio of the third height and third
width is different fromthe first ratio and the second
rati o. 10. The sem conductor device of claiml,
wherein: the first device is an N-type device,
conprising: a first fin forned on the insulating

| ayer and having a first height and a first wdth; and
the second device is a P-type device, conprising: a
second fin formed on the insulating |ayer and having
a second height and a second wi dth, wherein the second
wdth is a predetermned nultiple of the first w dth,
and 14 wherein the first height and the second hei ght
are configured so that a carrier nobility of the
N-type device approxi mately equals a carrier nobility
of the P-type device. 15
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