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VARYI NG CARRI ER MOBI LI TY I N SEM CONDUCTOR DEVI CES TO
ACHI EVE OVERALL DESI GN GOALS TECHNI CALFI ELD The
w@e@son207 nventi on rel ates to sem conduct or deRCTES20841024590
met hods of nmanufacturing sem conductor devices. The
present VAREMG GHARNER MSBILITE N SEMEGIND IR DEWICED
doubl e- gat e devireeaeHBAPKCRMYDAREN sy @scal at i ng
demands for high density and perfornmance associ ated
with ultra large scale integration sem conductor
devi ces require desi gnTEeIaItrIkmeﬂELanch as gate Iengt hs,
belTQé%re’ls 3m0§1ﬂ Itat%! t§s éq.(h cthIl cgl{f]lcers%ll 0|dl(§ ctunn%%emiconductor

i ncrease nanu acturin ghput .« The ¢ ediict 1oh
devicgre JihgypiesP e AtVefitieshay e%rmnlawehqqlmlt@ Waiopléh@e@siewbﬁe

limtations of conventional nethodol ogy. For exanpl e,

when the gate | ength of conventional planar netal

oxi de sem conduct or fiBAKEIBN AR ansi stors ( MOSFETS)

I S THd?e@daﬁdn gbﬁinﬁﬁﬂ/s OR gknd@hsrt? Erﬁ@l&@dﬁax@§ £Q%ial §dn Wed BreS &915 gntegratmn
| ea k e bet ween

selmcson ucto eciewcea re&trglrael d’l;c]s1g L%eéa&sﬁ,esu? &g € lgrrgﬁa v tse;loal Iinaa%ﬂleferst (Bm), 1gh
fellabéiwewé oxsased mangfidiniiggimoughmhi The teguctiegef dekizt if@mrea hedoval 00 nm

chaudagam@nlmgsuow&e&ﬁémblﬁm&&dabgyo make it difficult to
ventional MOSEETs to include increasingly

le co

FrIEBAP T VR 1o BRI T CoNER RS PR SR feld offec
transistbpg (P s)ieicaigl teop!100 8l ptobleinsigsscored FHTshpe tifanieldRas such as
exces@Oéjiea@Lée @ngelﬂ "tﬁqutfrceqlﬁ&/ (!lrfﬁﬁ“ bg'c%ﬁle In as1n% ldm‘lc%lt g)%tvgradx@ gnEa-ld-ﬁition,

resent new structures th een
mobilg el b s g lgesE ﬁ@le%%kﬁ%ltakwgdlfﬁcaihta FoaIOBEgl MQSFET: to
includegneasadil glyr ses e Gdvice feafies. Auidle Aeegat @urddabhielSor@bdilex 1@t d 8 mprove

rET RORLAGE B4 AL find: 1R, W, cOnvent ] onal bulk s licon

ese | npr overrer%t S ari se because the
dobeHb A &ANBE TP pran ney gagtaresehas bave bege cavpidarsdos eAngfdates Gdr
succebdigy eﬁ]h\‘.ﬂl@ PRhar MOBFBREY, 1t @51 REpebll] i} dOWbR-SieABOBBTE dtfer better

on are t vvo ates, the
charagtfnsu an F convel\@la{;buﬁ( S{llC(ale%O§l‘%ﬁé ela}egl uﬁpro%e 1& elrléer because the double-

el genera
gate hé‘éﬁ@@r‘iléﬂc? e GhvtIOﬁannstw sides Oﬁhﬁdchaﬁlelt taderdima nmerdly onAkideogs it aggventional

MOSEEHs € WhER Rer EQE o Bhted/E Beri¢ HeRBEnetabba 'By fe S SH 1Rt B Rned from the
er switchin gnal. A FinFET is

sousd S8k P 50 PR EtheB P BHMUED € e KO e svonger
switclikgzsign@dl behavi or. A Fi nFET may include a verti cal
cha ﬁﬂp}hT £ QrdaBAMORFET éﬁggtﬁrk ﬁl@tj exlmuﬂ go&ﬁrgﬁorﬁ!hm: g-l;elﬁtugy AT may
ldgaﬁ‘? e fabrlfcat ed usi a? out_and process techni ques
includg a yerfica} chargel fprmedin g erticaf i 6%‘%@5& ﬁ“&ﬁ'ﬁ? my %?ﬁabrlcmﬂmyout and
proce{SlteSIEliUS iRbilaOe thbkiins¢d\NMEchHVE£Nndl plpda€ MEISFRETsL ons consi st ent
with the present invention may provide a first Fi nFET
device with a first fin asect rat arrl]d a second

Fi nFET device with #2&d8Y4
Addipkmaﬁﬁbns&dﬁé&&ht&@ﬂiﬂle@fb@enﬂh%ﬁtﬁonfn@l@bifém@a @bt I-'HF’ET device with a first

. t Wi art in the description
tin asl%/\ﬂ\{gﬂ o %)ﬁésha (fé‘ﬁmepm . Seco?‘{]ﬁ rgaé% e apparent to
t h‘t\f@élo%@qv?@age?%ﬂﬂ phgr jeatytep pff thej ipventfon walt e seffierth in part in the description

which@NRWE Hdtid IQH v@lf bR aE&HthMIB& h%lné@&inep}eskhﬁ@{hg ﬁgugoﬁ &fination of
actice (gﬁo nventi Q dvanta es and features

the fol? wn{gﬁ%mftynl{? éeﬁ\fnie ‘ﬁﬁ‘ﬂcuﬁee"f ﬂ-@ ér}vFrglgra ’gﬁ a V3RSt fﬁlg aearages of the invention
may bpgrlizedant abthiyedpopanicelarlquetnted nuttihige appaaiietnc| ai M.

A%@&@thgtg e BrebdABin R BSERL fofeg%ggnq k Qtﬂer aadag@ge%@&%&g i3 by a

ot her advant ages are achi eve
semicondyeioz 4yl Hlflailmgfew%?éte PHER Ut i#ige %ityeg %@fdro&tt@ sghyiete A first device

may bé foshedah tha @sﬁlamg l’ayér,dﬁcﬂiﬁfhg a ﬂrsf e THeISTnak8 be Brrhddlo the insulating layer

and m%ﬁ}éireﬁag}r%gx a£$ It rraE% r?secong xl‘l%vme ]ma}l? Iz ut]o%%ei% Qlﬁ%lﬁlﬁ%@aruia%l?% &ncglﬂing a

the insulating I ayer
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and may have a first fin aspect ratio. A second device
may be fornmed on the insulating |ayer, including a
was@sosoti n. The second fin may be fornmed on PEEUS2004/024590
i nsul ating |layer and may have a second fin aspect
second . ‘Hhe gecpiddingay be formad op ée fusylating fayan andoyre deveratepsl, fin aspect ratio

mﬁaéﬁ&&ﬁ&kﬁgtmgmgﬁgﬁner aspect of the invention, a
sulatlng | ayer

sen cq cto evi ce may include

a5 R P P it R e A et Ay Py i aer
and affiyst deyiceifovned @n tmjnsilatiog lagke. Ehefficst ddvicé inay ihduder dirsofin fofa@d on the
1nsu1dtlﬂg31 e@&dd mgvu%g%)ﬂ%t he?hvanlaa\fﬂ-s Diafh. fl“fler iﬁgt dP@é Qﬂ& m%ngch% k&? &ielectric

| Ce a I NC
layer fﬂ“éffdé’e f“rl?aét tpregy sices A1 G AR A5 i oot idiglostigpyer. b second
devicé inySie fdringd @nik issukiingSdyer) dheseatlfl a8 naf N@udelals&bnd fin formed on the

insula‘{ﬂlgella)FP gnd Ihgvu+g%3§§crond l‘%ﬁﬁtea&? Q scti,cod g ¥ ld‘t“he Tﬂa%cong dev(i)clre glgo m:g 1nctlu|'(]1e a second

Insul atin e secon evi ce nay
dielecgrisdayprcforied orf & e threg pidesiebthé seeanl He prdg S¢C&9@*ateaﬂndcemahp| sppgndgdielectric
layer. Sﬁ aR1vekidHE thg ikt iRt Ad SRCANE mW B diferehh@on® £&04E M6 ¥i tﬁeesecond height
and s&b S %flﬂﬁy i nclude a second dielectric |ayer forned

at 1'east three sides of the second fin and a second
gatesondibp spcrefprthet dypecisd the indentipre b erptiqondiclondeeice ma ifidludg bn insulating

layer frdlah -t dbR8 £drinkBdn tIt&thgllaﬂng%gr fTher ﬁiiyp%ed&cg clp(ﬁ a ﬁrst ﬁn formed
econ ratio of econ

nt fr
on i Julfis PP kg %‘PH‘feﬁQt 5e EPUErA T S pgedr gy bR on e
insulatimg/leyat. | e P-type @itk monideiate@secoeMind@mpdyh thaiadulades 1ayar and having a

seconh He?éﬁlt 2l Ia @&orld%@cﬁ ﬂ{égecél{h Vll\htﬂ )ﬁQ}ebe %Yeld&&ngng& Hﬁl]q%lg O tﬂer}?st width. The

lating | ayer. e device
fiest hFlE‘?tg%d thy SﬁC%'P%Hm%YrPe tcwégwf@e that 4 Gaggier Iag}aé#y ofrihe Mriaed %gwea
qmnimm&we@ﬁkgbﬁmﬁﬂﬁhﬁWBf&&NﬁM&ﬂ%ﬁe A P- type devi ce nay be
f oélﬁggdxgﬂtagep&dnééﬁl%l git #1 &geseng}{wenh? ﬁ beco %{R:{adﬂd apqareixlt tmgse skilled

i nc Seco e I nsu
in this-art dropARe; fp,l@)wggggté@ﬁ desﬁm‘u@h {Theyergpodimerishagn de@shnbeq'prgwde illustration

of the$)€b€ﬁi6td chtéiﬁﬂIhteHHﬁt chﬁrm@ oliRABEATR] TRGVBRHL is@iqﬁbl@gf Iﬁcjaﬁlcatlons in

o b s e o P e A 2 P, RRoRRRT it o
R%M*ﬁ@W%@ﬁﬁwwm@@wampim&wn&@e&v equals a carrier nobility
of the P-type device. Qher advantages and features of
the present inventj ] apparent to
those skilled in RS PREEEBRASINES detai | ed
d eRefardnpt is made ta ﬂleat@ﬂb@dawmnt Bhemwwmntahvdmgi @8 sanielydetence number

demgxﬁﬁ&l\ﬁha? ?eplreLeJnH% %@ﬁlén%rihrglfghgulf' e best node contenplated for
out e invention. The jnvention is capable

o T oA SRR GBS BE Sy Be dormii o ccordane
wMummmmnmmmdémambwmgmkmmn1the invention. Accordingly, the

RYheMearly & o e LS
PR8I B o 8
‘mmo s 9t BY@H¥e is made to the attached drawi ngs,

V\h&g‘ eB 8laermddeaioh ﬂM!;tﬁ@ngttﬁbﬁoﬁiﬂﬁHﬂ of it 8F SAEEBre BEMEP A in accordance with

an exeglgﬁfy%fixegaugent S oL SR RREAL, |1 ke el ements throughout.
095-Sect on illustrating exenplary
13 anp 3B aﬁ%ﬁgﬁbSSb@ZUQ@é@d ftoprviefvoillnitiagpgdhefformagiqm of a double-gate FinFET
from tﬂﬁﬁﬂ&dﬂ ngeZBNh E@o@ﬁhc@ﬂﬁ%'emtmﬁbgﬁﬁer@ BQ&GIJ?JSent invention.

[ vel@#on tically illustrates the top view

of "% i RILR 1 g‘f’ﬁrsécuf”ﬁ‘ B &8 Wﬁgﬁ’&lés%“’tgﬁh%f?fmé%’é‘r?ﬁ? %.ﬁ%;e FinFET from
the de-eeed Hig/Brih adoérdztnb@mﬂfaﬁS&ﬂiplajyl’émeﬁﬂim@nof tlElp@senZBvdnﬁona

g[P?% ?{Aﬁt? glg I r?@ziggsl slect@%li C %:etg? g%“é‘énr%ﬁet P'rmatlon otf a lﬁﬁzrte lglnFET from
the devigeipb biE rPBrie aCéwdatnPPeWIﬁlrae §@ﬂ"@laﬁmmémm@hof tifgipepsent Byentand 3 B

are cross-sectional and top views illustrating the

formati on of a double-gate FinFET fromthe device of

Fig. 2B in accordance with &n exenpl ary enbodi nent of

the present invention. Figs. 4A and 4B are

cross-sectional and top views illustrating the

formation of a p-gate Fi nFET from
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the device of Fig. 2B in accordance with an exenplary

enbodi nrent of the present invention. Figs. 5A to 5D
W@r®@s508408%5- secti onal and top views illustrati nRCT/082004/024590

formati on of a u-gate FinFET fromthe device of Fig.

2 BFign 68 ecidBdent@s-wicddial ait texedlilbstyatiegrbofdinmeint of @kouhdigate FinFET

from @15 @éfﬁ@ be l:ll é] Yg ﬂlt dc?oFdaEAe %t{l 3116&6[?1[%&)1 %ﬁoo%@nt%? &8 ?res%ﬁ%\)e&%al

top views | ustrati ng
r oE‘ﬁd’ sghspaticpibniEtratesadeon et d BvfPrdeelysing pnyghe qgcqs of Figs. 3A-6B in

accor@EOfitian %mlﬂ]aﬁyhm&&ﬁnﬁe)ﬁﬁd'fﬂle @febénﬁﬂ%ﬁ)tﬂjnmi‘ nt of the present

I nylgg] EA ? rk'C ailr:eln% SS-§ tlonp ﬁﬁgtin‘ﬁ:gl e{l/lfltlé)g g) E)]E)l?'n}a_llegtg Em]%l%lo ]8 gccowance
with %@%@Ff@l&‘ﬁ@etavﬁft%thame@mewpmm .y enbodi nent of the present

invention. Figs. 8A to 8C are cross-sections

illustrating the fornatlon of a round- gate Fi nFET in

accordance w t BES g EY RVERHEONr esent

| 0 dagﬁzrdf@ae CARRY Ma Qe atk@pglwgw;tvggt e same
referend o1 L yimtngntg gescrl ption of the inventjon
PP Sy D Sy E“E’B‘ﬁiﬁ%}

y H]Ie éwer?@ gnularﬁ]ém%éﬂso the following
detailedafegriptivg doas neribienit shejinvediof. erSt@ﬂltthedc(mWﬂ@SmWﬂ}pn lischefidet bythe

qmahaﬁméﬁﬂﬁdg&réhﬂ%ﬁﬂg el ements. Al so, the follow ng
detai | ed description does not |Limt the invention,

| NP RantatloproR R Wi therprRsent iqYAatiRn pEtYide diffgrentiFipEET peyicetith
dlfferapﬁleﬁﬁk@&atﬁﬁsa'lﬂﬁéﬁe dfifidlent Medspectasiios Mmay Rk to died @ERNadiet ©6tSlities of
the Fi ent with the present invention provide
erent Fi nFET devices with different fin aspect
r atlg Jdllustrgigs $he cepps eetion pita sprhipndustss eqvice 490 fermeghigyrodgesangs with an

embodiferd 6f thkSpiresent ﬁfvéﬂubn Qfﬁlhf)tigﬁ Flgmoehih bubtely @t ftfuret MEstbrk B ElEé'l-e device 100,
e cross-sectio

those gc?l}{ad ‘anﬁ'e m*cgnducgj(or arts w1ﬁt [ rsﬁa d t}nat 8ther devices (e Ig d 5enucom%ctto%de§iﬁes 710,

m conduc evi ce n acc nce
720, e@nﬁ@@dﬁl&w@h maye fpimed mtbessem waifmxewmtlemof apfafeh ol letcFringparalfel with

senuc&fcldctcﬁldbﬁ&qU@lmngftlieg’}sb@é%§de%dmbé&%1reﬁt ﬁef@rrlﬁé tG@lgel g&lﬂéoﬁ&cép&&wce 100
e sem

ey AEH WA P TGSy P s g Eomsoh tp oxide aer
120 a@@\ﬁlhe@siaﬂﬂ.r}o forRe! Onehed)urle(dsaée Ipyeg 1207 Byriedmyiddiayef tROmmthkilgnn layer

130 nﬁﬁ@e f&ﬂﬁ@omgs@tﬁteﬁﬁfm Q%l@én@(ﬂlalq{anéer waf er, chi p, etc. ) in
sen conduct or devi ce 100 usi n

al | el t he
p%r 8%@%1118}%@ &F Rl%léeatat‘fé'r Ruripd oxjde %aéqul?%r@aytnghﬁi) @Sﬂgcf? oxide and may have 2
thickngse rAngiogiant stont 16e0/A mebd.xt)ﬂnomay Silievallayekel 3amsy ihélaid mofderystalline or

polycﬂyﬂﬁl&ﬂe @ﬁlpd'n h(ié:g e)tlngllnlésg ?atn Ellltl?){))(?k H)dag%.tt OglAl ISEQ{}[ I%yer 1301is

Subst r at ur|e OXIde ayer
used tp fyrap ﬁ‘l%“(?)‘“f“@ f9ra &Ol&?t? getR Easisipy ‘EH‘C"@% dgteribegyneiporg gegpil bW ed

OXh dierrayeeinpldéhiablovd c&isibtir Giih ihapﬁeﬁ'entlra)@ntﬂﬁ,)éulﬁ@até 00 BR02y@N130 may
includ® bm&ts{nﬂéo%dttlcé% rha[t]en%lts Cs?crlll\ése grzatrréaamml 0 rcr:gﬁbnéanorrs op semci%cthé materials,
such o iqpra@mAnST| Busighoseilager 1Qvetaresp irishigeeotaer diFbairesgials.

r a@p H@eéﬁﬁ&ﬂ%ﬁb@%olﬂa@@ghﬁn hi@ide lﬂ@éﬂor 280n fideRlykd (£.015i0,), may be

t al
el X DT b SRS Rh hEn Bstas g o vty
lmplemqn@mxaﬂ;elmmce@s@r WOmpy bfourted D50IBckAess Bngingliom dbay é50 A BGbéus 700 A.

Next, Qﬁ%@reﬁ@c n{aﬂzﬁﬁﬂ nthy i &p%ﬁt&fﬁﬁ& fz’atttgrnefdQ(g fofin Qﬂ%%e@m%@l@lso for subsequent
mnw$w§2$TStor devi ce described in nore detail bel ow.

B#OFP&%S}SVEW%P%&E FRPaI GRS PAETE] 8 P FoMGROP! PARSer
priesietdudtondevitei I00maysibiadt btettee Th 2examplady ay@emedBibn/@lectric layer 140
and s1ﬁc@1ﬁa§rég %OQLJ}]/%E ettt n%%glglgrﬁrohaﬁ] mt %ﬁﬂ tﬁi eg n?lflect;lnmﬂl%g on buried oxide

ﬁgr nmani um or cCoO I nati ons 0 sém con
layer Igf fodprm fn. Phqierepishmask il 1 reeg ifiep by rameed i ftepthp foeraan@wfd@ fin, source

and drhlﬁlgéglbnsl'&(? bETﬁ)Ymﬂ & Q tylagdobil OQ&Iht@;[ml gioevtheﬁﬁ fe&rﬁcoﬁ@&tﬁlﬁr s initeSal)
1 CO nitr

adjace'% the rpspecc):#lve aenés:sI the R alyo& F%Igf)llF é%/@rex?ng)?aéy embgﬁhBel)t a ;ﬁ(gryof Bthcon
forned over S|I|con | ayer 130 to act as a protective
cap during subsequent etching processes. In an
exenplary inplenmentation, dielectric |ayer 140 may be
fornmed to a thickness ranging fromabout 150 A to
about 700 A. Next, a photoresist material nmay be
dep03|ted and patterned to forn1a phot or esi st nask 150

I .
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Sem conductor device 100 nmay then be etched. In an
exenpl ary inplenentation, dielectric |ayer 140 and
w@eiosod120T ayer 130 may be etched in a convent i PCEIS2004/024590
manner, with the etching term nating on buried oxide
germgniIEqr copgbinatiap of eiliqun andf germaniPh otapbeakpsitednmagdnclinid dwayd ih he n

convéﬂﬁonﬁl@ﬁ‘ﬁﬁt\/e@f% forffsb&te atnﬁ] gralgl QJgEgs[ 'A(l)[&negély, ttﬂ%@ (JI rdefng &2 }He%%ns may be

£ eg n re&l ﬂ%w ¥1 forme ep08|t| on
O BT P AR Al g S bPrO%?S%téﬁﬁfW i ng mat erial)

adflg GénthemhigaltydByseats the@oaksof @ﬁn §thuetuife 2100 onFshic & @i I @) formed in
such é ﬂanﬁa §8ﬁﬁ:€l’égﬁﬁ ¥o I’%R grglltn g%%% ?(9 maly %X%rme%f H%éeL tli(;:eggzllﬂ Oaﬂﬁl srlg;&g}ure 210

ger mani um 6r co Il con &
on b“B?él iR BT { Weaceqsding e emesgmplprel ebodimsal of fhe mewommemtono nal

mangaB id e():rés@feﬂﬁoﬁ@léﬁ@lﬁlea@ﬂ 1ﬁiF1@| 2 lfhﬁﬂétﬁg the fc@lln&tﬁﬁ Qiﬁﬁn%lr%ture 210 in
In the sa

n
a‘”"f&aﬂ R e P RbalE B PRaR TERRE SHEFPH oo greioi yer 14
and si %mtm%@m b efcheld sformattmgurt RE. Soystuvd 280vmey indludeianilicon fin 130 and a
dielechic L0 18 aRdOmP Ry SEM QR ChOiadh A%sifcOf A ﬂ?@O'nﬁﬁé %«H%g‘r);)ﬂibagout 10 A

Source region 220 and drain region 2
mauggﬁﬁgd adj acent the ends of fin structure 210 on

buFlieeahrwiiagaediay 220 ah@TBO nag Beocfoﬁédmgthis Poifitldor 4P |p®l’:e§ésmg stage (e.g.,
after @M@&' e éh'ie) olﬁor Eﬂﬁ'lpﬁ rneéﬁemi- Klt&é/ S‘[E)Bﬂlt%pmaf Bf%n?lﬂ%d i soulce/dr:ém regions

cross-section al ong
220 agd 230.¢ Fe ﬁﬁ?‘i“lihm@%amﬁ'il% dgseges and RBLis THY Phsclzetediachdive de pirtidylar end

devicanqugxenp! Qtieof erttagiskie i thiodre $duel vo Eﬂﬁé@Bbtlﬂuﬁe\/tﬁffﬂoh@d?dmu{\ﬁnplantatmn
procesq EREd dn%@lr@lgqugtrengeng lﬁ[?dgs'ﬁ(ihl act]S argl Xo% di c}osec} hereln 1& ;irder notr%o unduly obscure

ay er orm S ruc
the thrast of fhe Ryesent gllgltlﬂahyAunﬂglpm@geahnggpqy ithem pe lfe}fprmg@@) agifyete the source/drain
regiond ®l28€230] ¢ cap 140. In an exenplary inplenentati on

t WM nge from o t “

o sl By bR @ R AT B 0 Rl v e 24
and ZI}TB%Pclbgffe(g@p}é@FEﬁ“t deyipds snaparipde: dra datblagatelidiETL) e cass Fii’l@ET 3)au-
gate F&F@Q %ncﬂcfr’ 4tk roun@ Et@ [Wlnﬁ@f nﬁlteée T &gm%arg @ﬁf}s)of Flﬁlgﬁcif &51@%11?56;

pe inpurities m
des‘"’“@&ﬂﬁ“&%‘{eﬁﬁHelg%ﬁﬁ‘ﬁaﬂw ith g Pz@@leswﬁé@ igertiqne ul ar
i npl ant ati on dosages and energi es may be sel ected

based on the particulgmes requi renents. One
of ordinary skill in this aFA‘?E&/o be able to

opts i & cpeedioniusptnedhafomanaha deublematpFiafdE 30 bem eticture 210
in FigODA trdeB & arcmudahcervﬁmuh ERAphy an;am!mtsﬁtﬁh AB8Atel At aRxide 310 may be

orme n s} ac 1n Erl'Sq Usira Scur
! Cg(#w Ségll 96%? Q,ﬁ{ aLh rfefs g At 5 Iﬁvtéﬁ it ong 3%\0 F ?r\?g?ffpg ngagr?ﬁ{éiglf;%ﬁﬁay be
thermaghy groph@finge0- p@%’f@f SideBH0 mey baetoivy ttaghitkness sighiout 67 & kegbent 150 A on the

s1desuff@cgwfﬂﬁs 1220 and 230. Varl ous differently-st ruct ur ed
rom deyj ce 10

] S Sl et <Pt 1 B s 310
In an e@wﬂa@e@pm@taﬂm euielmaterks) lager 3RS uinl rclydet lyRilicoR Edposi@) usng
converﬂoﬂﬁlh@mgdl QzEJEere )uo@gl_ M L o tek Qﬁﬁ(ﬂowﬁ@%qﬁes 4Alte@nat1¥ely other
Semco&?und?% 5 A hese four exeicnﬁ ypes
v WFW“‘B@ BB he P SEpangy o rious metls

maybdoe¢dowhpglat®mnqnahnuayﬁmw th the principles of the

i Y ﬁl%tx'a@@m tlQ%aJTEFv %-QESIJ»:' gu:ﬁ é}: ]p gattern{ad ana etcl%ed in gate material layer

cross-section illustrati'n
320 to fprp atesitgelire3 i theesendsroropsashanad regier oftle fBOUGye F0gEhe r@plting
device a@(ﬁnaaBeieférra‘DtG eloaay&e “déubld- g@e@FlﬁFiﬁfml ary inplenentation.

A ate oxide forne
oTRE RS by BBL R 59 il e Tty Pt e Pyplitomrapty.

Althougl] ‘Qt showq:lg FigexAnpl B, syameterokibe328 1y hapanized h@ravatkdmyantireflective
coatingdB 188r dhdt PosdsiQ a ¢

B e R o TR R o R o e on

surfaces of fin 130. A gatetmaterial |ayer 320 nay be

deposited over fin structure 210 after formati on of

gate oxide 10. In an exenplary inplenentation, gate

mat erial |ayer 320 may include polysilicon deposited

usi ng conventional chem cal vapor deposition (CVD) or

ot her well known techni ques. Alternatively, other
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sem conducting materials, such as germani um or
conbi nations of silicon and gernmani um or various
woreialsi2omy be used as the gate material in | aper/uS@04/024590
As illustrated in the top view of Fig. 3B, a gate nay
planajzed gaig maierigblayentrd tefekteld etbhingpé ate makirietliat 320 axewill32 Bndediood by
thosefslﬁlleﬁhrgﬁé ﬁmﬁbﬂdﬂ&&r@ftea ;@a%g-lzgch&fe nf¥cha negf§r 39§ 5119% B%.ﬁggﬁprﬂ facilitate

9 nlstructure 210. The resulti €VI C€ )
Pa“e%%a%’aﬁf e ot po prgsetn b5 el s¥Btge ¢Riseritcaldimension
(CD) Eien FEmallesiGertae $er udtad e 33 Qidtipyaie fatabd wiedlimdhsig@taCsmall as from

aboutPBhBd Bbut k@ygr 320 by lithography (e.g.
phat ol i t hography). Al though not shown in Fi gs. 3A and

3 BOAI RG0SR Aiclurled gs¥e pagion pramERiooaiden it the dn sirveturg 210 and a
largedaet toderpctivhisfaeddl ap et ﬂdﬂﬂh&ﬁlﬁ&rhd@@e ﬁlBAR@ eldc@)8 [)ormon of gate structure 330
may p@ﬂ/gde Qé) E‘e§és§$1%elé%81§8§%n zi& %8rr belaflslng (c:nit oatll%,rg 1§e2c818208 ; Iﬁag %oﬁt}ogﬂ

| alyirnigoig Figg34 @l@ng ling gt 4 leflglﬁBhghe@ﬁangast ie fimb30en dlqublelgay BNFET 300

may 03@&-101’1@&16 Wholslde %Is%ﬁﬂ@fﬁfagjﬁgrrlt?gtg g)h&z’;?()e sﬁnfg Lrééa??el fick E‘i@lectnc cap 140
sbor SR R neeh < kaerpd wgteéopﬁarfatC%?frﬁnﬁa?/ S two

channgly elpigysidn galplobfint36 give tlselt@gaenamarﬁat@blpgec I1$dﬂuyle gASFI@FET 300, because
gate nﬁa?e%!ﬂl?&() ad?i@én@théttw% yal Whits 0%31%913@ C&Eﬁt&tés%% g%n l c%[}blé g@ ) controlling

| est feature size, SUC

the tw\%(nc@ff‘?fjs atpgg hhEdr BN MPe h di nensi ons as snal I as from
abDhetw@devallsof &l B 0tmay Bava mcmﬁﬁdn&rﬁtfa]hhmdridﬁtﬁlo;s &, T&Sﬁb‘htatlon <110>).
Becads@&f Itfh's%%mglorg %r&cap %&All%lé OH{ pa%ﬂ)r{"(‘)%'ih% s1de ?glp £ ts in 1%8 chanﬁes to tge width of

fin structure el ec
fin 13¢ ipgowdp-safsaind =T ?%Otnh@fffqt 1o Sehilie b0y carles (s elseroogter N-ype

devicqp @iidt HoBHifoDP-tygedeicS) #ntig tl 81, ErhSBObilRYr tﬁH’rﬁ&{dt@ecaﬁiars may be determined
solely%9 gﬁﬁéﬁn Q}ygtalfﬁjle o?gr{te{tl%r{fl &e 6 d?ﬁ‘%mgarg](gn ﬁf:]lg(i P%,]?Stlag 98 o\i[ie}llgg tn&%ﬁlgiouble-
gateFf“tFﬁEf”(}Q A | n F| g SB) the channels in fin 130 in

doubl e-gate Fi nFET 300 riyrexingEral ong the two side

ng%'l ? of fin 130 adjacent gate oxide 310. The

G P PSTHTHOR ﬂlé‘Ft@P'égct{lerfP@laE‘%i'ﬁ’f 3 A gt bpesteDRFES 00 from structure

210 inHigs f2ac@d o infatdardiade witiyh 1@{)1@1&1@1&&0%66'\51&&3{ w1thliel'fEﬁ1d:11§lE]s of the invention.
Imtlal]tyhgelécgig %HM) ?\’é}feﬁ f38f§1|6}r'1 be r§moved é %}y\g{e(:tnéaetr]lg IT§§ leavmg %gbare fin 130 on

Ive ri
buried-ogigelgyes 1 aiaelatvply éwmre@xgaﬁ@ ten MEER f300d orrapeserstep gdide surfaces

of fin M@Eellhs@rhtediad Bigal. %Eékfambla%at% Mde&llﬁlﬁamlﬂleﬁnéﬁg glfobvﬁ] ol20130. Gate

oxide %@2 Sét 'bt uct)v%st t nck 5H oq” 2 o&t 5{%) é t’g %ubﬁg %‘toﬂ éheg(?pd‘@d % srlrgace(lﬁof fin 130.
f I%gamteﬂﬁ'lﬁfé’elt% may @eiemllteldsvm)ﬁn $tiuppure 300 aftenyfofratien ofi gate oxide 410.

In an &Qﬁﬂmﬁln@feﬁgﬁtﬁﬁoh ;gﬁl@ m%ﬂla@ ﬁ?e@%%(ﬁﬂa\}/glr%%ulgz Ig)l}gﬁlléc&rhgltﬁwgllteg P%rgg

]h % ecau comm

come T e BRI LIPrHEn TID RN el fors s> Wafedh o
semicqniesting maftteniale fsuchjangeti@@ivionnpr d@nﬂniaeeng aftsticén an&FEaTmaﬁl&l dovafi@is metals
may b@Js@% Qhetgggmmm '14y¥r 496 AJ@SCE@d 1?10}/ hS@Il; ﬁo%g %1tl§ k%a?d to Fig. 3A, gate

trons N- devi ces and
matenrd éa\y?r 4%%1}1ay lﬁ p‘apqulz%gg)facﬁmt@ lates BAtq ﬁO]tl’Iyltlglf, astllﬁyétramﬁlj 1@F1g t%
C avs llugtraged inatye thievidlebfaigrumadgats mla}eﬁe)patbaﬁe@ HAYBRed in gate material 420 to

form ggt% ytﬁlgtﬁtle |4l:3(ﬂ at g{ténﬁ{gcﬁ)ts% o%ﬂan(nel :[%tf‘nlo? tlilcafg nustDtr ('::tlllrg?lo :’lzl'gi &éllung device 400
may bfgref@rredm WEZ aFp NEER BFET."AA is a cross-section
| |da!€! §t§lfcﬁl¥e| BOmby R bR RO halfial ﬁyeﬁ) 4&%%&#&@9@% %hgtohthography)

Alth 1 5% fromstructure 210
0“52:’2:06 A& PG ﬁb?%ﬂ?%ﬁ%‘ﬁﬁ%&‘%%émer idpqssiblyea top
antirefigetiveiTIAR) egtingf(nd: e whnueg vt Hapbsited ol plandtzédygate iagekif Cdytd 400 @R ilitate
140 over fin 130 may be renoved (e.g., by selective
etching), leaving a bare fin 130 on buried oxide | ayer
120. A relatively thin gateSoxi de 410 then may be
formed on exposed top and side surfaces of fin 130 as
illustrated in Fig. 4A. For exanple, gate oxide 410
may be thermally grown on fin 13 . Gate oxide 410 may
be grown to a thickness of about 50 A to about 150 A
on the ‘top and S|de surfaces of fln 130 A gate

o e

. oy
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In an exenplary inplenentation, gate material |ayer
420 may i ncl ude polysilicon deposited using
weovsesdonal chem cal vapor deposition (CVD) PCT/U51964/024590
wel | known techniques. Alternatively, other
etchingefgateagpripieltayergt 2fradevplainsl abeveciplaagizgregaivamictishlayer 420 and the BARC

kwmﬁ@ﬁﬁ@nﬁﬁhgwgwﬁécﬁl|ICOﬂ and germani um or varlous
as the gate material in

T e R T e e P
larger3/&ctragepatiomeypaedd apdrt frcmrytﬁer ﬁrﬂsﬂ@ctlﬂ‘aywb Eheleanale parech of gate structure 430
may Jr@vgde aﬁ Ecéésﬁblé Q&cﬁfcalg@rka%t % Ig}r%?herv@?e CDllxtJOHi%% {h'%Fa%jpoat%

ustrate F‘)VGWO

9 a?“éurh*a@to big- Ap“aﬁal%% e é- %mei Flét@hé@ Fogeip &n h@tl@ﬁgm Fm@jf 400 may
exist il@lgft&rt\% GRbAISE the Eoy LeLifH30 adifted: (AXEERAS0. AGE ARS cl@annels along the

H fin structure 210, The resul
sice GlIOR B g5 e oubestg b ot it L 40 Bl g w20
adjacdnt thétwb.side @alls endIdy af €ih UB0:odkBhltchte BResdief, inetshbpe) @ati@ling the three
I 2 t hography (e.qg.,
Chann@%&gﬂgﬁ s dle%l% aﬁél 9 %“ E(l())ugh not shown in Figs. 4A and
4 BTheéW%metV@Ph ﬁﬁtl ilioelﬁ @it FiviEETo98 mankpvé BR@on Pragt@line @nichtation (e.g.,

orlentQtQﬁ sh ﬁ’)L)’ arfd tﬁchFb stdch 618l l@@&éy\/lﬁvéa-r(ﬁ@enpgﬁtahﬂg orkeQfion (e.g., orientation
deposi t ed on F anari zed gate nmateri al

<1005}, i SN HIaE T e BREHI I e GHOE b dFd denfen e wid
and/odi2(Eht ofAfn &30 ﬂgmﬂﬁnlﬁh’dﬂ@ma}aaﬁp&t R atobitig df gaﬁlaoﬂifﬁtﬁlﬁdrs’ih fin 130,

unhké O%qug %@@QQOJ I?r? tl %t'%\eggdl 1% be useX.LI Io%f;flma et fa in as% f:t ratlow?cir ﬁ% r1130 as

H/W, ;‘j’lh‘éfﬁ‘(ﬂﬁsd’ﬂf‘életgbt of %13§|aﬁfb‘§ ighe Wlﬁ“é Of flrn13§t Fle}dt“uﬂlétrazeﬁ@elafn@ agd width W

ﬁmﬁdﬁogﬁ{y@hﬁgﬁrmﬁﬁ portion spaced apart fromthe fin
ucture % 0.. The el ectr.ode %ontion of gate structure

43 Ay BPBUY d¥ e meRspeagiPra behighet s egipaetenigs ©e-
orientigioas104y) than irodthee cryitdigne odantarials Kd. g1 griéde@ogelt @>) p Bérifin QB0 that has
channkl® Elwgrﬂévg]ﬁfférglt 15 Sl.&tlhné‘ékéc@(lng e olvérﬂ?caélefainoblégy ﬁggje aléll' @Jeragtehgf the

channels in fin 13 p-gate FInF exi st
carrieripefyiyics ih e ﬁlﬁ%?osufg?C&SeanMP petacedfip RO- ftghpuldtbe otttz e term “average” a
used la@jnab@itbe Gately indtpded bbnocEhge (pbkier) wdigina e&rﬁblﬁhm the B8 rier

mob11§1lesd0? th\é@llkl, @allggrgl t(é)%grfagg otfé@[ll?)(;gx&l r% esgrgagleztpeéng cea} aﬁ% fq%a EFEIS overall

mobﬂm %aéi*%féaéﬁf’t be Frpallegs exdcentineiptics! dafritiongpe tovarfopyPhyspl factors, such
as the @RIty bilthedRdsto the Eha@t i@ She (dp.sBiface bftin@3PwiBBRBAnnels in the side surfaces
ntrolling the three channels along the side walls
of fin ?39)
nd top of fin 130. The two side walls of fin 130 in
Elap@rqﬂwftmgmomu Oﬁﬁlylﬁal\ﬂe baadiyeirdrbeweyerytytvaiying fre fin aspect ratio H/W
(i.e., tlQJrhtﬁerf fab hfgm & thh wid®fW &fﬂna%)Oﬁhe%vérgﬁ)ameiarﬁa)lﬂtp& fﬁxQ@O may increase
e .0

or decrease watg Kpan 1P%??sel in ﬁ& aspecbx‘la?{%w T,pgrﬁim'gfe Gé;lnt éﬁstgxga!tcla ]and the side
Surfaccsrvéﬁelftﬂlhft#t@rhlgmg ceriyrghahility duetodts crgsidliateiooenstiaf. Thbse skilled in the art
will b§4@§3rﬂ@@elte§mh?wltﬂoﬂ u;'t(ﬁlg exp@h%&ﬁ&pfl%eté#,%awh gﬁ tlﬂe (ﬁ&%&g herenh appropriate
adJ““ﬂ%%q? fhp §n t5pect e WE" SR E3P arih PRFSITeHioR [ highaOF w1 @by how
much)doathiee-agiadired dﬁ/leﬂaﬂ:EﬁleB 0bilitk Bf fidi3e mn@g&rRmFET nomwr el'iﬁnple appropriate

adjusuﬁ%\if Wﬁhr(l) asgei_lr ratio of{glln I’113 1{?28/ Fpefl(.{ <hn tﬁegﬁrtlglﬁ'ﬂ" “}?\?‘iq%minﬂ% as

procesgfingferfalsgiedt 4ng mmby detIEmgned mAhqut indst expetrigwntiioi fhdondtueting various test

(kwawhﬂhhkaﬁ&hmmmmglso in p-gate Fi nFET 400. The carrier
mobility for the majority carrier may be higher in
some crystalline orientations (e.g., orientation
<100>) than in other crystalline orientations (e.g.,
orientation <110>). For fin 130, that has channel s
along two different crystalline directions, the
overall carrier nobility nmay be an "average" of the
carrier nobilities in the sbde surfaces and top
surface of fin 130. It should be noted that the term
"average" as used herein should be |oosely interpreted
to denote sone (possibly) weighted conbination of the
carrier nmobilities of the side walls and top surface
of fln 130 and not a strict nathenatlcal _aver age.

- o r - A SN~ I T Y
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The overall carrier nobility of fin 130 may be

adj usted, however, by varying the fin aspect ratio HAV
W@ 2008/03420he rati o of the height Hto the w dt hr@¥/u82004/624590

130). The overall carrier nmobility of fin 130 may

i ncrease or decrease w YAdH FiNMi@Tease in fin aspect

I atik, GAWGI‘@L@-%MM%‘IE@H}; t‘ﬁ@fo&l&u&f oftalﬂ%atg 9HFI§’PI560 F6R s@ifhre 210 in
Figs. 5}? ndslh eacSu naéce of o g erl e
OBl tlgl FUE P e Qt%ﬂop F%@Stﬁ‘ﬁ Vv%tgl%?rfnﬁlﬁ es of g dpyention.
Convglklpnal epgcdl chemigtly gnagbe usedl th tembe patioss of Burid@badeiytel 20at igdihted in Fig.
5A. M%fﬁe @(&%r z{ ﬂB%B Qitthe%ne&%ﬁg }{1?% QZaﬁ)%ﬁ)%%nqg(% Engllene retrrﬁ)vedf as illustrated

élosure herei n, appropria ust men
at are?ggé B 34 1811S|lg§\%fmdpll'cht bglgy ﬂ(l i 30énay be e f@HltEﬁ qu@eqqe@mmcessmg to
furthehétejhiy bugied dxdeBger ﬂoaﬁmwbm 1tbow nmuch) to achieve a

de [rd 130 in
8 EJC%QI fg&lﬁé %%J then Fr% ormeg?otlateral Ffr/eltcg tthéoug{l] (%r%ﬁ){@ ?lgleg oxide
layer %%Qé?elpw &8 p¥e {n qnarqrrmlaﬁwmﬁmerntanom 80isqimpic @tefpemgt forexdnipte, HBr at a high

pressupd frkay SelfeAdmEBD l&fe?a@& bt tﬂguéﬁrﬂfécﬁ@l@eﬁ/ oRBL Bfd: @iﬁod&é@gelog%hdl 30, as

out ue experlnentation
B B F fFﬁngl%/l il ytsésé’?nd&‘gi?’f"é?é’&mg‘r?alﬁ%‘ﬁy%Vod%%’ rgss-section
ﬂlustr@f?fbie Fignt. ThGAT BorfidnhFIET 189, owdver, @ gilleg®halecthé bmied oxide layer 120
and thk Ldsﬁbﬁ@e@@%ﬂu&gof‘fn %Oflﬂﬁ%dgﬁﬂg gk 1& ol o bngelt:i-gxéQlQ e Eﬂ)rg} the

end ? ﬁ@ﬁgre 210 in Fi I n accordance w
9 h‘E) AP B d@aﬁgglglts %%ﬁa“W%OHe%Pﬁ"éW‘ﬁ)‘ i nci pl es of t he

i NAY eatd dideeiric Gyerve theoeatbrmed ahfincilie nfds b;raylpmyhlb exidéIBE 51Wmay be
therme[l@ @R)Vﬁ oR Bk E)!pgsrgﬁ s1&éfsulk?§d£s agcgbo?cz)(rh glﬁfake% &l 1 Ale] a’éct Qs a gfl)te le]BCtrlC layer, as

ustrat ed Durin
111ustr%¢?d ip Fig 3%y qu@afll&élgglax Wni(z@t higktlegsQf @lqopf 19 300 thyt 3gd. Dielectric
cap 140gwved proasts iht toplsdrﬂaatoedn mo. areas 505 in Fig. 5A. This

I
f gifgaﬁalaﬁméétﬂ%lqg}{l % B mg}e ? d%)é)selssarﬂlgﬁ%n 3 uctu{e%g? as QI%SHatfdrfg Fig. 5C.
Gate mpigripldayeini2) gray qoawle the z@e Betpriphos ihh subgQuently forted ek @dcdrie ayyl may

includ&pilystlib@ticfLite Qﬁlng:bﬂBﬁiloBe@ cﬂeﬁﬁc@lr\@ﬂ)dr Ye f@&&‘dﬁ (?%)Q?‘ 9 Huct](-xnzgs ranging
elow Tl n

d
from aPcQﬁ BdOoAnto %l];ouf %80 1? u I enau\%li(?/t gtﬁer Sﬁﬁx}(cog%ucﬁnégd?a}esblf éucg fawrmamum or

exe
comblr[gpgpqﬁ@f s1]pcg§1 ané)ggﬁ)pqngn, oHBrioygtmetals Imiag be pedes shgrzgs maeal.be

P &FafcQfaaal laty@r i@ﬁ? tdnlbY plﬁﬁaﬁf&dt b&r@kjﬁﬁ‘:let NG eihi 'nﬁgnafﬁéh gcﬁlshmg
below fjn 130, as illustrated in

| ayer 1 ocC
(CMPYFl B  poi R Bk B mRcal b Py (h G ReB RV R g6 rerintap il €k the
verticabdifeefion) ag jlastrate@ B Hign 5¢. e feping3ssFig &€t thotross-sdctiat of gltearlatdrial layer 520 in
the chahil heg re ﬁgof foh@O g @Qhe&@c[ dnld @H@ %at@fnatfaﬂalp d:ilr’é ds 11 hPi’é?%%{h \u% %ﬁ surfaces and

the bot ached the buried oxi ayer
e bo 065%??8 gifind af- tThs f?P 6?rfaf‘1 9 fin 339, hqweyretiy cqpaed by diefeptgic cag 4G s
s Geportegd ldgyr 520ueaybhen Ibephttén{d:cﬂﬁd tLengeto f&rﬂﬂheagfateuaﬁro&@ ds0 4k 540 of
u-gate f:fanll% ﬁgjega%%ﬂt Flgc‘ SH 'il%%a%g v{eggk I%Tajﬁéj con%sgént with the

respect| vel gg
presengipyefiog (5 1 S Sard U9 arﬁﬁlr@ed a&s ulmtwteé,ma@ FinFERf@eludes a

structureBith igee E1E@bIRSI0NAT40 WhY AR nfakRBal BXP@RES) SR8 dBi if-AR8Snd the

bott bgthqmy surface of fin 130 to act as a gate
Oomgmﬂcectrlgala er, as illustrated in Fig. 5B. Oxide

f REFIDE @ HigyC b@ng litgvinAtip Fiz. 11N thkahermsls oiffind BQin 1240 FiAFEDS00 may

exist alafpabt twd QdeAvallanﬁ 1R @b koot @iﬁl 7] &aﬁﬁ@enb@%ﬁ@é 510P *I“l%ttﬁget c%antnagalong the
urfa gate material |a

side v B RRlon T B 2 RsTa o e el B0 e s materia
520 adjin¢ept ikt tva bidechvallmankibgtomaCfin GAtcenstimteethica batds &yt [n a3 2Ehap@Ryontrolling the

threec&%mfaloﬁgthw&‘ev&ﬂé&dg@t&ﬁl Jefth 1door the subsequently formed
ite el ectrode and nmay |ncfude pol ysilicon deposited
u

Trhyo sigmvAEneh i3] in eeenfieBlT 3PPy hite pensimon onysliDyRyientation (e.g.

orientagont<ii Gk ARBEe YoAdturfake bf WM 30R@AYEvS O Biftbert @ryﬁ@fﬂiétorlé@aggn g,

Al ternatively, other sem conducting materials, such as

ger mani um or conbi nations of silicon and gernmanium or

various netals nmay be used as the gate material. Gate

material |ayer 520 may then be planarized. For

exanpl e, a chem cal - nechani cal polishing (CVWP) may be

performed so that the gate material is even with or

nearly even W|th di el ectrlc cap 140 in the vertlcal

N | o~ -~
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the bottom surface of fin 130. The top surface of fin
130, however, is covered by dielectric cap 140. Gate
woreaossab7 | ayer 520 nay then be patterned and PCTOSH04/G24590
formthe gate el ectrodes 530 and 540 of u-gate Fi nFET
orientg®® <1¢%}. Rexaspif these BiffyingmHstallihausiutaionsof ehe tipyonelsiiefin 13, changes to
the asHecg@ﬁcﬁH/W ﬁ'l:lr:r-b(ﬁgg g:gté)ﬁﬁli’ES[t B ha d]y\ﬁffea tﬁe%@erﬁfrﬁébﬁw of the carriers in fin 130,

I nvention after ectro

snmlalr &W FII}EET |49q &%Qr?“‘&t:ee@e 0‘(9“5 g{o@htglof]ﬁ]gﬁo gg@gaf:erﬁgqF@@ @90 bgsed on its

aspecSrhtid /AN L) b\éﬂv&preﬁﬁﬁ Bh bkt REA8SI1IRHAN S (B4 6r Ndo ﬁa&%te FinFET
material 520 5C) surroun #ﬁg the sides and t

400 dgsgited phoxg, rTfhlaié‘é“lH%y FidtPe f3gie hRETIGHHT Tgllarigestriy corasc-Paedep and 2
u-shaped Bte, Ar%nng i whdtt@r th&idkd chhiiel iCloaraoh S top of boftord &fateldf fin 130.

u- Q exi.st .al o
S R S
adeStF@I’Ye@I}’mg dnrﬁle laspecitabml/W.HEhe Sverkd] cavaibd ngobiirychf Ko 1 300may dferefise ar decrease

with a%%@regée\{@ﬁlf dsiSeBt rhtfd I-f/‘@'edeﬂ%ﬁ‘ﬁ% oﬂ'lwfg@lto? the toB sitaBh 8 thE i sEr-Eaces of fin
ecause gate materia Q0 adjacent the t sid

130 Gl b RO 1 OF P CGHEPTR o St SO b st
deternfine eithoutiundua exgesikmapagn, loowater,dhded rgrhd dielokie ReeiG ApripadtSadjustments to
the f1rﬁels;9e'3&at§on-?wsdf ?E%Mo 2 @?%degl%g g?eggllggn %’E}F}bé\gr of ﬁ;lx_ % ntl ate FlnFET
500. commmon crystalline orientation (e.g. orlentatlon <

10>) and the botton1mmmmageTE@nﬁEm 130 may have a

%6 e nt é%s% ueét‘ieo%gliustfaﬁ e%trle 81"11% g%nr ci a roﬁmd-% etFur.F%[[‘IGSJI }rom struaure 210 in
Figs. %ﬁ and A an dcenmidaneswith prsimplementasion canistént wit BOpringiplanejds ivention.

Convdnh&aﬁs‘&ih%ﬁ&msft@&da@béﬂgéﬁlis refubi® pln%@ns' bl @ati® lerlnnlE&-Es @:@cglbed above
rrrers

with rﬁr_gag%nce tcf Pe %At R%ecgl}ﬁeer@ gi{n%m?y Eerx_;é;?p%fyﬁned t atﬁrragycet(ihélgougkl H‘Ag portlon of the
buriedcyigle @W 12ﬁﬂt§>i°lvw finy1 3@ fIn f1 ereriBQy implemeyaios, akisnEdpT kb Osifgaorckample,

HBr aP4hikH pResded ﬁﬁ}t berp@xtfdngedl't@‘Mf@PaMy Q@l t}ﬁ%ﬁéﬁ tﬁe%luﬁ’éd%gldé faﬂ:@ Vﬂ)hoc@tgé below
f1n13§a 1?_1 S%t“])f: g]%ntlcgl fﬂ% el d () bed
PREETEO0 e Bl satitsey Yﬁ*ﬁP‘é‘} @.aPﬁVF B‘r‘r}ef‘ 9@?&@7%@ 't describe

abovetwith tdsgecigd FigciBur al sim lariti es between a p-shaped gate

anghie Hg SRapRd f&%gmuﬁ Ie%mFﬁﬂ 6(')0“ Mc'l% 14b%§er§«mfo

channel "1 s | ocated 2% tomsurface q??
removyR(s.e-» By §i{eFtyp ciehing lf‘g%&wea tvzferﬁné Wﬂd“fl RRoveRrsipdexde &aa?rrl PQrA gate
dielectid Duiyérintay thed bef forted &{ini 130.UFog extagplE;] aniitiedxide(iin BBYmfy@e thermally grown

on all @J@oééﬁ %LFHCG@ ¥e f}ﬁqu rzl% f J‘%te dke?& t?\g‘ g?e% f& {lﬂgda%d !;lb%v 61-\r h8x1de film 610

over a carrier no I ncreas
may bejgre W iegabiginesholahout Hbh At A flPlﬁle@rsOpfeeHOr howese, protects the top
smﬁmHﬁdeamendlng on which of the top surface and the side

S u./{ a?e mafcfefrla{la P%ﬁ%}(l) tl.‘heﬂ ese od%prc])glﬁeh; I ﬁn s [Ouge?rl%l?f kﬁl,lsérate(%/ in Fig. 6A.
Gate mﬂfﬁelaldmer AP oy @@Pat’altle ghte melietiad forrfhp eabwqtleh@)uilormm daeelectrode and may

1nclud@§cﬂﬁflic&?d’éﬁc@ftéd@§lng J@@\)éﬁﬁbﬁzﬁ chelﬁfi)(,%ﬁqp& ﬁeﬂolﬂ&a’onqt‘ﬁﬁj 92 Hﬁcﬁness ranging
I N aspec

o 5 R SRR R ST b o S b o

combigagipysiof siliqup bid| gedmaniwh, of vaniods3@talsmay bgast @asMicrpkETabi0.
R%zl%a%lﬁay’él % EA—y tlﬁéng)'e thA‘nle&Sanﬁ eftfied ?cssfoﬁl?acéale%[ﬂucture 0 8%8und gate

Iustratln formation of a round-

il
FinFEf 0 S R P@ G;Bféusrrﬁeselt svleW?Am&r*fbgaﬁl%@we%ﬁ%%ﬁ%eth the present
inventioh biifer gete dtoagalre BABIY fadiie® NA CitRGA&d, ﬁ)ﬁid-gMetFlthEm G0(AhdIuded 4R Structure

630 witl ga%nr?atelngl\{a 629 gi“ e @QMI?OQI%#J azﬁlfour 835 Oﬁh fg})St ry may be

Tur ed ayer 120, as
d esppiingdeiria kﬁé\xéowlmhAﬁe frii B the ehaime@ in B30 /% re@ GMEFinFET 600
may e84t GlBhd G tWB Yidd VI8 ukeeoppeﬁfu%m 3F@n IR Rfadtni géte%hgehmo The four

B L O P T A—
i sotropic etch using, for eganple, HBr at a high
pressure, may be perfornmed to laterally etch through
the buried oxide |ayer 120 | ocated below fin 130, as
illustrated in Fig. 5B. Fin 130 is effectively
suspended above buried oxide |ayer 120, as descri bed
above mnth respect to Fig. 5B. Unllke F|g SB when

. = e pe——— e~ N N - . A AN o
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renoved (e.g., by selective etching), |eaving a bare
fin 130 suspended above buried oxide |ayer 120. A gate
waele@seseni c | ayer may then be fornmed on fin 13PCT/B82004/024590
. exanple, a thin oxide film®610 may be thermally grown
FinFRIN608,| becagse |gos aterili6 20 aasdutef fodrigatesT 30utdd fim £30 caisroBing)t ur channels
along%e% dg%ﬂ’%gbbt@{nesquacgsofkék St rated in Fig. . Oxide film

r own i ckness of about 10 A to about
3oTl}& tww%el £ Pfife 18Qip ropudeato kBT PO myyrheteccpamerraystagige orientation
(e.g., SiinfaBEmE<106>) fahmthéltspand/c\o@a{ s&rfﬁ&tdﬂ ﬁh 840 haR Y18k a G2rePOAL doRtRidn

t ed
crystaame &mcp 81?('@1 Ag g. d@g{er? lrsr)ﬁ i LdrOF)a e ause o egﬁ 11'f0ﬂn)% cralstallmc orlentzi%ﬁns of the

ayer
channglaindinfag.ehinads tf o aspehigaipBY g U HAOl iy ofs s FnE 00 may affect he

overaf kfB6ilith OFiGe @Hférsrﬁayn 130 (ﬂkyg%atcpﬁhﬁ’ﬁ' Aob GRIN- gal@%g/%m 6. ﬂﬁirﬂzgce the

conventional chem ca apo osition
°Vefa%1 Fokikiy a6 4n 139 igring-shtp Blﬁﬁ’%i'ft:@%as 1t agpprt 2R, T@d@he}&e somewhat
differdtlly @bm ait gat¢ SInyET eiohed u-S@/HilFBT 04t load batRisefid Bb $ rosid@le BEFET 600

er rr conbi nati an sil|icon., r.mani or ...
ras o el Sy P SRR 0 S oo S o B G R p st
honzqmml ehamal onI tigeyter or Béi@nnmgﬁac@ dfin 1 Bemgyateisbr thetiveanze!’ atralhmobility for
round {e rﬁn@E’Q @(?O%ﬁ‘ﬁe'fé-nhl}pthéﬁrtﬁ‘e o@%gl r%bﬂ[t}‘? MS &@&ﬁer':ﬁ ghlt: }VnF@QQOO or u-gate
or exanpl e ustrates a top view o

FinFFIYRd- gat e Fi nFET 600 consistent with the present

| lni\hﬁﬁl&rl 1O gl ElﬁwaTgagb ehes,wrmtmﬂl&an%ggy &£ %in fi ' iABARd- A% FinFET 600 may

] straIe roun Fi nFET In ate
bo aalrrd RS B 65 SRR Rars Tt B P gty Bo R rpese o
decressg pvrth):unddrﬂgs 1@_f1i1 aspegtatishl/Be depexfding jom whiBiDof theQPmotlrjnnsglrfa@s and the side

surfacF é (9” ﬁn@ﬁ l(a@lh@ fﬁgheL taltfer f%‘oBAhty bfd tcg: 'tsg: s@ﬁ)le orfeﬂ@hoﬁ hﬁ{&%hﬂﬁed il the art
130 in round nﬁate FI nFET exi st al ong

t he
will bf 9\‘256 9 {AfErmifg MRout Yo PRFHmeHIG™ thﬂﬁé“'VBro%/atS?ﬂirﬂ“H’F dF‘Fl?f“ff ’3%5 ein, appropriate
adjus@@ptaoeirRtfing k@ raix HOW o030 Theht eurdegladovaall sargdr onglity hefin 130 in
mundsgag%np@f% the top, and bottomof fin 130 give rise
the name "round-gate” in round-gateFi nFET 600,
because gate material 620 constitutes four gates
" ar @axBiPLARY THBOEMPRTATIONS Mg TH h])ﬂf]?ﬂSRENT ChARIERINOBILTIMES

t hlglésl ngefnatlco]fy 1%lusggc?f § gptv%rvrv] 0 u r | erCn? dm'g_; Fln]llf.gg'eéﬁbs 7-[5] %26 W 730 in

Inr OU n
accorfipneeavith ap Wﬁt@lﬁry@mp(gipmnq qf he p]@;;qn@nteaqqno ﬁur(eé ogde layer 120 111ustrates the
waferQéricBip), &f hiGh tffe t&@a)msuaamehtb@ 71Q P20 78044 0MeS. UAtﬁ@i@tQﬁo &fdevices

e rent C S
710, 'fglr) ag}'?}g trrllaEs ﬁavt %\c{l?ferent 8vera r(]:flré%r n%oﬁlkﬂﬁisog \51ces gl i C{aZéS 8&:‘ J7%‘0 may all be one
devicg typegé megafelFGIER gO(l;u -y&¢ FhHETPE0, ond rewtdghte GinEEIHF00¢ Akternately, devices 710,
720, a?l{l] ?]‘3@)%%8 $hclulle db Bgﬁéleﬂ&E}@H&ﬁértyg& o E‘o%bl@%@?ﬁiﬂpﬂiaa‘ob Q- HAYARET 400,

I N roun ate F nFE
u-gatedeHER|SP0, sk Pyridsgie BRER 1490 CByr pompls, 4 dovile- #pteFRFET BPad one of m-gate
FinFH- 408 &k 'Fﬁfﬁr sb0fd ek dhreGRFR T BbIEE har AR sarhé“fnﬁ@@:gttrhtféﬁlw but

t he rall fin 130 in round ate Fin
may ngeselsstdBYF Rt %efé‘i%‘&?f mptifiich verfa gyt %(’n@@h%wg? channel(s)
in FingET 408¢560600y fr om p-gate Fi nFET 400 and u-gate Fi nFET

50151“@& tla@@é% E&e@f&‘é’ssﬁo Fad, rﬂ]i%@o }nﬂr 1Y Rld%&%(% (EIMU%EJ VQQSOP -type

has one nor ori zonta anne ate FIn
MOS MPY)- 4 st cpmbipation QB0 aqd BMPS |de‘mea@e g qupéemalaw MoérﬁﬁMOS)
devicd3p rAl@euEh advicedTA0) 1R, a1 1730 By bePniREtedro bih@ e Sdds, baitercainecked these

conneg‘uons ngxyot %stx%p é] ﬁg?[g é&%&%ﬁ? ?fz)res Oklal?lr all nobility for

rently than the overall
H}OFq Stl}led/la thg @ willgndegsitanth @iy vig efdhealisFlosyRpRreig(lat differgnt gemicss (e-g.»
devicds17 Ndad 750 Ray 53 Bk @ Wit SftRendNeRl B Rbbift@Q (bytvﬂfﬁe &\ﬁﬁfe@nd fin aspect

er mobiJjty of fin 130 in roun ate Fi nFET 6

ratios %@5/’) %%a BHFU LSS5 r‘?ﬂr AG™e éherqvﬂalg%a%&?“’brﬂﬁ}f el ’1—‘31,&%7‘6‘1 based on
the typetoé dayice 7 BV 120.Clapnd isplemmilpitibr doysistdnt FiktntheliBidciptesyof ihm owediss NMOS

or decrease with an increase@ in fin aspect ratio

HAV, dependi ng on which of the top/bottom surfaces and

the side surfaces of fin 130 has the higher carrier

nobility due to its crystalline orientation. Those

skilled in the art wll be able to determ ne w thout

undue experinmentati on, hovvever based on the

- ] . T Y
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EXEMPLARY | MPLEMENTATI ONS W TH DI FFERENT CARRI ER
MOBILITIES Fig. 7 schematically illustrates a top view
wo@Roog/osder i ncl udi ng Fi nFET devi ces 710, 720, P@nts2080024590
i n accordance with an exenpl ary enbodi nent of the
devicgsrieay bprformadvrith e ovarall Bumidr exdbilitx.ibol @irfuayferseldoRQ fin hdpers tari@ ti@sis larger in
magnttlnl@ (ﬂ@!afa‘t%&ut(a Qdlud Zﬁlhrpt)ae OVQHH }Mfﬁe@ ﬁolﬂﬁ? bl bﬁtﬁcﬁofl ldlfﬁ%ﬂﬁﬁ%l@&ed fin aspect

are forned
ratic, a@i{‘@ii&%@n thy sRyie LT WW?GIHEW%ea‘FqS 1“@}‘ F brfprmsis @rﬂam overall
carriec@ptilite fargaroib ik griitiidShan %VV%&arﬂérﬁhobfﬁ&be NS dé3€2s bbgie @k

wafer%ﬁBOﬂﬁer% }J &€ 5 BXSE ct ra{to ?$E$Q@8gld € ee%4 Qig 1ce|l‘l71&a¥acg LEMHE t%wce (e.g.,

roun Vi CeSs
devicy139) may g selegisd syt themyerallsastierdobilifigs obthe ﬁfmces aeh gppreximpiely equal.

d el m@galdoyp G&vaﬂﬁge@t@ whlaB-readpect R W Bih a dved itBit EbRGEL o,
at e ET I nFET 600. For

1nverter IQAN P égce mealglab efme }?cgz #ﬂ%@?%g@{ %ﬁ)talg 8]ﬁ0éut lFm?Pt é%&eéample one
FmFET dﬂF@'ﬁlQ@l@Y hage g@s@nﬁwn@@l‘o BOW, Aastber FobBtdgyet @0RithiEIE circuit
eleme@Qfhy MRY aR@WEK ﬁrﬁ@pe&qm% HW)) fRSREHk tJ Ak a IE'ﬁéﬁcthdn {BYrrent between
meeggﬁig kess ha e different overall carrier nobilities

d

T SQU0E, efnielgﬁla{ls Cﬂlaﬂ,s e&tdﬂtlhél}qpyncq&qs iOEth¢ imypntion, the different-aspect
fins ofdvaines €LQ @t 72(in Frie nikduif eldBd DY 6BGricafyicohired (elghBy Ghling a

sourcé?(iralgﬁ: 1'019 ﬁl%eJ Jeoi’lo %ﬁ@a drﬁﬂ%&g’gé% dQ\LJe 79(?1n IN' ! ?pe MOS

(N devi ces, P- & or sSo onbi nat i on

of Alfw@s Yafid @M‘Elyd%‘\ﬁs@é@at’@é qv masc‘a?rfﬁqleéﬁetwwarcywwgments For
examflCMES)reudielcimefiSyay influlldtvael§Hinoth R FERE SlevickE) and/ BOFE T80 ice/ A0 may have a
first fi q@%e& fu& BRI ea?l& gs?o&a%d QESPO%%ralg?afneg 1%1§bﬂt1t% dA seﬁar%g 8%Q%S?meng Thay include

hése connecti ons are no
one OfdPOA? FipRF Tt vipss d3taying 4 soepnd fhrskest 18tkd H/We end aﬁsowﬁei sagond qyjetall carrier
mobilldder st and, i n V|em10f t he dlsclosure herein, that

di Il‘"urtge(rgl enr;]c}ret‘ t%aen\clf)n% es1|g ngroai\}lte rrpa qe S CE%OP{M}(‘}%}Z? ﬁ?rg ais%egyr:ctﬁ%) of devices
710- 7% qotlséﬁé?nb‘flthdhefﬁf@@@mof fhe mvwschlowémr@;s FaaxAafople, davices 710 and 720

may réé?d'ch@ty}be @Iﬁ\/[(ﬁil%%ii GRIOE S&sRRSis of: Q@M@g adRk.eAlsd, E@necﬂ)\t’eeé'xﬁhl%g design rule
rri.er 111

based on th
mey oG oG R Y e e BERGietd o B 2 Bt e wros
channgl Nedﬂpﬂmlﬂmihp fireg cofent hyical elatar MOSFIIMESBcSdieyire @sngea jh thie manner
have sbié ﬂ@gxﬁﬂné ﬁlaﬁ&lsﬂy eAc@x!xshnng?erffn a?ﬂect@igé &f'd&\)fces plY) a}{d 2b Yoy IQefrnut a

fin aspect ratio, that 1s |arge
dlffef%é?ﬂ“?%%h i 2 32K %}M?@wé}}e@&;exwﬁelftw&sh@wé%m the drive currents
of devigesr ¥ exrd 789 DiHai it, yhe rdgpectiviemidte VofandiWel bff db@ée MI0l ayd B0Ine¢ bedt to have a
3:2 ratﬁoI &d%%@&ﬁécu&e%% fofds Hlo nd ﬁl\@e\ﬁ%& lgedﬁd 0 frge a%@gg% so that tae respective

waf er/ chi p. fernat e evi ces
fin aspggt patios i/ Wi auf é‘ﬂz’W > @RAYP @P DISHng flryvewreg@nalatmshfmg ni t ude
t hemmbtblg, aapeinalte fig afpéck RfiosPdvicést7yo ki 7MME§ PN tBe8m&dhannel width

ratio (é Qez Izs 0 : itlg}!,; é\lﬁ%&glonsh I‘ n atn%!)eydn&e cu.rrents (!; fgscgse ’?lé axgi 720. That is,

the requgm ey Wea“fl av. 2@f dew@@\ﬂlQ;@d 7%)‘33/#&93'3 b‘@ Zsleht@cané the gegpeciingtheights
H, and I@F Mﬁéﬁlb arfeldbh in@f be Hﬂjh’s‘tejd Isd ﬂhﬁSheQésg&:h\% fﬁl%ﬁe& ERio P BW, and HyW,

ap i mat el u |t al so advant a s to
proan QR PR EH . R BRI S o B At B0
e ITéPPe ﬁltﬂle@en @e art Wil vepracisie that\ﬂxt\mdtgsatf@l,ffemrdewges 21061 (atg,, widths W,
and WH&Ry g@sﬁaﬁcte(ﬁty(a '__Jl)xstméfhg ahéﬂ(s)%sai i 8itl@rn§1}o{ &Hﬂ'lﬁle Sﬂo@&r&ﬂl IPasf( P40 in Fig. 1

one evl ce have a first

ot is D BB T i SR R P01 de ey 319/ a0 e iz H,and
Hy) mdy hesetpcted by sele@lvelprendkingBymelfay E30ands@dhiing dihérieRpodgPRAC t 30N@kdue their
neightd AV, for exanple to achieve a balance in drive current

bet ween devi ces 710/720. In sone inplenmentations

c dA%i B peadanip tih tneresgrtinyention. differsht RinkET denicentl0G20/730 ney be
formedOhithfdgfe@ut firdSREGhtiok.I TheseQAfrfeBMe G &S 710120/840Inaf 20 fok e dlol Bie same

circuit element may be electrically connected (e.g.,

by connecting a source/drai¥® region in device 710 with

a drain/source region in device 720 in Fig. 7).

Alternately, or additionally, fin aspect rati os HAVmay

be varied between circuit elenents. For exanple, one

circuit element may include one or nore Fi nFET

deV|ces and Fi nFET deV|ce 710 nay have a flrst fin

g, o L T Y, 1 o o
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mobility. Further, nore than one design constraint nmay
be satisfied by varying the fin aspect ratio(s) of
wa@lewsoee0710- 730 consi stent with the principl eBCDS100€024590
i nvention disclosed herein. For exanple, devices 710
waferzpn ehip72@ mapgrhibis differentitheahnye dyeral NIIDRT mphilitPMOS epepnqyerlkerericr mobilities.
AdvafthgetuslyME BN Gifictulebits ?&H@hoﬂrcﬁ&nﬁéf bébh R0 1RGN thE pHeLnt

e e O o e B e

width so that the drive currents of typical, planar
MOSFET devi ces that argpgid eRENFALRN Manner have
some pre-existing relat|onS| . Ad] ustlnlgthefln
as Peepe mglemeatigps. gy ‘Leéssu?bi@to ayod-gaig P& pther than as described
aboved iFick. snas BC ababnebetivis Gituh:raﬁﬁgtthdifm(uﬁh@. ofa &)u&)—gatevﬂ'ﬂﬂEE 800 in accordance
exi rel Qnshi

with aalot%g)r emen atl n o% th,F pras%%t! III;]\gntIOI} % ds aﬁ%s-?%cglﬁl?ugtéﬁg%e ehperocessing stage

I've curren evi ces
after filgpyeation (Hienilg) t@FIE}@BanAdsMpmfin %ﬂé\maﬁ besforpied omm firstaAkircivia 2y 830,

secon& @fele&tﬁ’c lhy%l/@Oaana dubktatel 8@0 Aﬁ!ﬂgigtl B8 iNBSRAGE Fiy 8 ANGI @bty be connected
Lces 710 ar € :‘1’2 be adj usted so that
%rtto 8%%s

a elttleﬁeé’d Fo Sg‘ﬂf% T’%{félnf‘?gf?n%l@ and H AV produce the
pr Belasivestching maly thenebe performaad o rewdatihiepasibn ¢f firstdlitleatnrddyet 830 below fin

840, é%u&ﬁ.&e’d Qﬂﬁﬁ @ﬁ fﬁh R4As Qﬁ&hve[y%tlépgﬁe(pefbo@%ydoﬁcﬁﬁel%grg I %2(7 2fe end
ame channel width ratio

(e
pom%ﬁ?fl f’é 86(?’ Q%Weivﬂgar%suH affiched fodhs rﬁrﬁ‘gwlgpﬁrﬁéife\lﬁét@ﬁlai'qﬁ &3 Od?“id\t}’@ suspended
porticqof fire§3D Sluatfated VIiL @B mAj B sapfpdrteﬁw the Tisadielbcrjc 14yeB830 at the ends of fin 840
ad;acén‘?ﬁl? &%{CE/H&D%g%tﬂpéot%mnw of devices 710 and 720 may be

:1lTratio the res ectlve helg‘hts and H
of A@@W@é@ﬂ%@f %ﬁdﬁwefom opdin & Herresimpico? fiinpxidg filg: 850 may be

therma RS dn MR edpbstd ABPEE bf findBY0 ﬁSctaﬂdgaH dRYecipit Dgkd o8 ilAstARMMN Fig. 8C.
d N, reI £t . | drive currents

Oxid Elm&goe%gy evi ces %ﬁlfn%ig?abguf @égo %’ﬁﬁ%ﬁﬁgd in the art '
wi Plsateppierat jazar 86G hrytthep padepgstitdrizoups thelfif fuasten B40ghksplse dlgstrated in

Fig. 6A1 Qaté 2Atefi@ laQer,86(Wn§$I BEpiA BB catdMhdterFPr Q@suﬁ@h@ﬁﬂy&&mb(y gate electrode
use

and may]lnuluée oglm{lcon despﬁsuigg*#n[g conﬁentlonahglflﬁla% Vap’or (ge 0§ 610{1 w& ?d a thickness
rangufgq fromjaB @t PGP AZiogbouQQOO & ﬁ:itetrmtl}/@ly omq:rrqeltngng\h:(ug rodterials, such as

germé}lﬁuflrf& E(ﬁﬁgmaﬁlﬁﬂ bfsﬁ§on7ala@ ée?ﬁgul.{n? 019var1od§ &le@hl tmiy @emgedlﬂs )he Q@é’materlal

ot B iy T Pe SRR 7 A6 BTG CF il o o e FioFT
800 ahdﬂS(glht(@lseMeremn Trethic mrbaneceuni-dats FHnlfBT PeOsmg bt formed by removal of a

dleleduﬁ\{%&t%@@yr otqér sgcﬁﬁggﬁ tyg%lﬂlﬁg-ﬁn@ﬁyl ces 710/720/ 730 may be
formed wth feren I n aspect ratios. These

di %wt@rpﬁwuwle%s PYREOES E)’F"?%‘tﬂefi‘ﬁif%%?t fogsh fish aghecifiggnaterials,
struct@radyeheth@uig fpeicesees, e inpordznid provide £tbrotphtundtisfahditigaifithe pfeent invention.
Te] ral
Howe%&rﬁe lgér/sgl{t ﬂ{)éqtlgr‘rflgaﬁ lbc%r%\cg\@/ d r\%tggug rggogtrng tJ ttxﬁsrggcnﬁc \5% sg fJ)rth herein. In
other §‘€tﬁflff&% WelknaWhprpgepsins §Esres FP(XP ot bgea Apreoe o morder ppt to
unnecBSIHlf dbedure tﬁJtarua bEsEHtsedt Rvebd. on provi des i ncreased
I R o —
with th@rmsetmtrapn @nbe dep@SltWﬂy copaentios q*eamlt@n teohnfquesirFer example,

metamzamdecgﬁ&&s Eﬁcﬁ EsEvEnsHs R8s of ORD pRSessts $ludRe HwIRBNE CVD @BCVD) and
i Q (%gg ﬁros ctions illustrating the formation
¢ a“8 é}f)r N FALRSH WEET 800 in accordance with anot her

i NPe@resamt @tantgon iodpplidaide pitles@mbtion R bi arious Bipep.of &Aidosluator devices,
and h&{:@ details ﬁgvte !119[%64 Isé:t lf‘(ﬁfh n%rae{] & a@mﬁ) 51%83?%&&9&:11?40@&9 pr?{eflt%{ventlon In

formation I con

Pracﬂﬁwhfb@e% PO ﬁo%eWP?aéRhoﬁll@?gé%’PlF PRd cfchipe fectgmiges agg employed and,
henceSBEQRAMs Elis@h@ehliduss Hadd R beSrdddt fodidredh 8 Uddsl r at e 810.

Al t hough not illustrated in Fig. , fin 840 maybe

connected at either end to dburce and drain regions

(simlar to Fig. 2A). Selective etching may then be

perfornmed to renove the portion of first dielectric

| ayer 830 below fin 840, as illustrated in Fig. 8B.

Fin 840 is effectively suspended above second

dlelectrlc Iayer 820 The end portlons of f|n 840

o o o o o R e . N a
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portion of fin 840 illustrated in Fig. 8B may be
supported by the first dielectric layer 830 at the
wer@s/0af20f i n 840 adj acent the source/drain regPCHESI00024590
shown). A gate dielectric layer may then be fornmed on
f i Frrgeroelthqngh the sidayifeses of FinRi Thdewigdsd80/$G0[6A9 BB Obaamgesdibed as having a
<110 H@sﬁdﬁﬁlla l)ﬁ(en@ﬁ&lVMHd ﬁi@ toﬁ/bl)tto%ﬁl%t% @a@%@efn@%ﬁbetg bs IIa'wgg 84400 Qystalline
as illustrate

e ectr er Fig
orieniin. @i g™ Pl o 68 g MBI B T thcHe St Wi 2100
crystafiine orienth@onAnd top/bdyomisurBes Avith Anothart ceystatiihesricatatidnasyelr as 8610> or <111>.
”B-Mnlgr he Pre@ﬁeﬂ%gcﬁfntt,n%%f ir S QMQHOJ Jﬂg a %emxéltlﬂ’léé %} % grs§ﬂ% gﬁ%ﬁown and

also illustrated . teri al
descrijglin g AP idisclopie- Jtte bﬁﬁl@@wogﬁhaf & mm@%a%@éﬁpé Atefinyvarious other
combfnattofeald gavirennehe eddriO@ fabRAAm R ali dAE lvidtdethi Woyesdf the @@Ehtive concept as
expre %g% ited using conventional chemcal vapor deposition
to a thickness ranging from about 500 A to about
10B9¢lgmeniapat,oF ingiuptioaluged inghdvisseriptiomiotbritercrtiapigicatian eipilébesconstrued

as crifddIcdn es@tﬁltlﬂ@ftﬂﬁﬂbdﬂfﬁn@ﬁle%@ﬁﬁﬁhﬂﬂds&i@&i Bbuchi his§ Qﬁus@ﬂfe{rem the article “a”

is mteg(?ed to 1Qc11?'ldmo OI‘ m\cgr%rltlf:rgﬁljl %leTerel g gpe Igé‘ld ﬁtﬁg},ds ggheg?sjglt % grrﬂ,rrlug?r language

is useﬁ)aThe efoneef tiertventian gaelmedpydhaydeires il teit equieleftor
round- gate Fi nFET 800 as descri bed el sewhere herein.
In this manner, a round-gate Fi nFET 800 may be forned
by renoval of a dielectric |ayer 830 (or other
sacrificial layer) under fin 840. In the previous
descri ptions, nunerous specific details are set forth,
such as specific materials, structures, chem cals,
processes, etc., in order to provide a thorough
under st andi ng of the present invention. However, the
present invention can be practiced without resorting
to the specific details set forth herein. In other
i nstances, well known processing structures have not
been described in detail, in order not to
unnecessarily obscure the thrust of the present
i nvention. The dielectric and conductive |ayers used
i n manufacturing a sem conductor device in accordance
with the present invention can be deposited by
conventional deposition techniques. For exanple,
nmetal lization techni ques, such as various types of CVD
processes, including |ow pressure CVD (LPCVD) and
enhanced CvD (ECVD) can be enpl oyed. The present
invention is applicable to the formati on of any of
various types of sem conductor devices, and hence,
details have not been set forth in order to avoid
obscuring the thrust of the present invention. In
practicing the present invention, conventiona
phot ol i t hographi ¢ and etching techni ques are enpl oyed
and, hence, the details of such techni ques have not
been set forth herein in detail. 11Further, although
t he side surfaces of FinFET devices 400/500/ 600 have
been descri bed as having a <110> crystalline
orientation and the top/bottom surfaces have been
descri bed as having a <100> crystalline orientation,
fabrication of these devices in other inplenentations
may result in side surfaces wwth a <100> crystalline
orientation and top/bottom surfaces w th another
crystalline orientation, such as <110> or <111>. Only
the preferred enbodi nents of the invention and a few
exanples of its versatility are shown and described in
the present disclosure. It is to be understood that
the invention is capable ofluse in various other
conbi nations and environnments and i s capabl e of
nodi fications within the scope of the inventive
concept as expressed herein. No el enment, act, or
instruction used in the description of the present
appllcatlon should be construed as critical or
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Is intended to include one or nore itens. \Were only
one itemis intended, the term"one" or simlar
wo a00g003ge7 i s used. The scope of the invention PGI/US2004/024590
defined by the clainms and their equivalents. 12WHAT IS
CLAIMED I'S: 1. A sem conductor device (100),
WHATGSPrLASMEIgES: @ substrate (110); an insulating |ayer
(120) forned on tHe substrate sﬂ éﬂfé a first device
(710¥" f or med SEHCPAWF 815 AOVAGUPEYSr (120),
conpas substag:(118;first fin (130) formed on the insulating
| aye f .aspect ratio; and a
seco%négﬁgﬁgé%%%¥w& S t% SJb%aterg(hefbl) ‘nsul ating | ayer
( 1203 sicignisr (7 P Rgmedan Se driiing fayer (123p5ompdtineed on t he
i nsul ati ng bAyein ((3020)meana thb awvildtigs Ry eQoed hdvidg a EREGaspect
ratlo_laﬁﬁ' o different fromthe first fin aspect ratio. 2.
e sem conductor device (100) of claim1l, wherein the
f i rstsegred devéce (77Q0rmied orgthe INVIBEN elepd @) @auiprishie: second

devi ce (720} seksnd@n Eimo&@a/wﬁ‘e insBlatir16yeS@D0) GRIMNES Decond fin
%ﬁg%thé” im31,. wherein the first device
e r?tﬁjf TREETHEC St aVice (720) are included in a

single circuit element. 4. The sem conductor device
(100i of cl @l’lerﬂsrgﬂcon%}:g Bhvite ﬂOB)'o&é&mqa&/ﬁelle%{ thmgtldlehge%ﬂ'opls an
e first fin 13022 the first deV|ce( 10) is

NMOE PG PRHEe Froohiice HEOA IS 9e¥Fe mobi I ity in the second
fin (13.0)of the second device (720). 5. The
sen gonduct Pfe s%&%n&?ctog &%g& (L%B) FLl@hﬂ‘ v]zher M}ﬁg ﬁljstr)ie\tl&%ﬂO) and the
first device urt i nc Irst gate

secong) Fl"é’fcégtz?)laﬁe‘%@l!’fﬁi ing gipele Grewy elgmsptred on at | east three
surfaces of the first fin (130), and a first gate

nat ey, ial ( 4’%193’561% o%duc%%gnge @?@%? 018 t hl\?\% Il:a élr?[a?r%]ler mo[n?% in the

surfaces of the
first fig 39 hef the divet deaicy (73Q))s diranhieam 4 sqeoind, @Pérsef mablhté énghrcksegpad fn (130) of the
secondlii@iceco) ¢ (410, 510, 610) forned on at |east three
surfaces of the second fin (130), and a second gate
material (420, 520, 620) forned on the at |east three
surfaces of Thelyemisadestod dfvicn (10D30Ylaimg, whkpan thefirstelong(Ci0biurther
includ@d@vi ce (100) of claim5b, wherein the first gate

di el ectric 0) and the fj te mat

forned on f%%rs g)étﬁ 3’?]5%‘%%(%81‘ > {Oh%em? Pyt o ¢t a?%ﬁ%“@;“r%a?‘zs Of?'ﬂ‘;eﬁ“t fin
(130)sedi conduct or device (100) of claim6, wherein the

second gat e, ﬁjst%lat@%{éﬁﬁ (42@ %9() 6%@&4&%n%%@1@£t t&@é s%rfaces of the first

ngterlal (620) Tare formed on four surfaces of
fin(00&@hd fin (130). 138. A sem conduct or devi ce (100),
C ONPwhessiinnte seeind daviel(7a0)ifirged iacides: ( 120) ;

a second gate dielectric (410, 510, 610) formed on at least three surfaces of the

second fin (130), and
a second gate material (420, 520, 620) formed on the at least three surfaces of the
second fin (130).

6. The semiconductor device (100) of claim 5, wherein the first gate dielectric (610) and

the first gate material (620) are formed on four surfaces of the first fin (130).

7. The semiconductor device (100) of claim 6, wherein the second gate dielectric (610)

and the second gate material (620) are formed on four surfaces of the second fin (130).
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a first device (710) fornmed on the insulating |ayer
(120), conprising: a first fin (130) forned on the

wo p@aloa2ong | ayer (120) and having a first hei BpOt/uszod4/624590
first wdth, a first dielectric layer (410, 510, 610)
formdd on af s¢reeptluctdndeaee §i0demmpfisinghe first fin (130),

and @nlflgufagﬁg@@g@zfgfjo 530, 630) adjacent the first

di el ectr aye 410, 510, 610 nd a second device
( 720§ 1 dﬂﬁ%@dﬁc@h °PH’§&HS‘£%“inﬁlj‘Y‘¥ r E\20) compBpye:

conpri si ng: a firssiad ta0Yl fobhed ofy hd Ghpuldtiog gl (180) ahdiaving a first height and a
first wilgUl ating layer (120) and having a second hei ght and
a second width, a second dielectric l|ayer (410, 510,

610) for meda Bt diglecris dager (419, 4R 6%%%@6%@ a Iyt dige ideg of thenfirst fin
(130Y(ak30), and a second gate (430, 530, 630) adjacent the

second diel egtr gta% éi3?¥5§é16g‘§?é%6°ﬁ?5‘%0’ Cf@%lgl):dtrfcvih e%ﬁkd”sf?) 610); and

first rati o of
di f f eseeqnd dfvico (128) formed prithy intulapingifyer B0) scewpisthehei ght and

second W dt Rgechd ﬁIh@O)Sf@ﬂiﬂe@ NG fuRlind8Nt G£0) @ﬂeﬂﬁ)m%)ef second height
further conprising: a third device (730

andafs'%ﬁo?fg)&ggn the insulating |ayer (120), conprising: a

third fin (486jndfiglensdlagn(“hell, ABUfoatddg afleytairesskROE the second
fm(lg@dang]aw ng a thi rd hei ght and a th| rd width, a thi rd

di'electric layer (410, 510, 610) rmed on at_ | ea

three si desaEf*FO“ldﬁ%‘e (e ?1%”&%)"3 Seﬁ‘?’i‘d digleptr{g laypr E}A’é? g10, 610),

( 430whepd0s firk38ip ofutle AERighttahefittiidiilis diffede@itomiaGedosdyetio of the second
h 3 Qucomd 610), wherein a third ratio of the third
elghﬁée}‘ugc? zji’g d"third width is different fromthe first

rati o and the second ratio. 10. A sem conductor device

(100Y, co n'plrheSsEIﬁ@@ndﬁUﬁor idé\&dd \(1b) of ailnBy RiFihef dEbYisinglN

(N;LtZ%E) gur&j ge\\//{cg & 3(5)7 102:d onfchge 1nsu1a n laii-yhr é%?? ?J l arltsfngg o :1 a%/ﬁre

i nsul atl ng Fﬁh}féfm @i@@mm tlFraWh@igéaYPf (F2) anq dapgiera thinddheight and a
third fldb$t Wi dt h; and a P-type device (720) fornmed on the

if 2? lr'l,r,le 31: Ioﬂg t lﬁ@Yr? %%lg ctol%}/ﬁb(ﬁ ?d-rg 6¢' 1{){;@16363 gn %? giree s{aes o% %e zhlrd fin

(130)smdéond hei ght and a second wi dth wher ei n the second

width is a thﬁéjgettee(ﬂfﬁ @ﬁ)d63@'ﬁe{d}abeg{ e @d &éié%trfcllaryéimw ﬂbfbm)

cont bttt ar et e oy BT e e g g s e

secondeafip.ce (710) approxi mately equals a carrier nmobility
of the P-type device (720). 14
10. A semiconductor device (100), comprising:
an insulating layer (120);
an N-type device (710) formed on the insulating layer (120), comprising:
a first fin (130) formed on the insulating layer (120) and having a first height and a
first width; and
a P-type device (720) formed on the insulating layer (120), comprising:
a second fin (130) formed on the insulating layer (120) and having a second height
and a second width,
wherein the second width is a predetermined multiple of the first width, and
wherein the first height and the second height are configured so that a carrier mobility of the N-

type device (710) approximately equals a carrier mobility of the P-type device (720).
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