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WD 2004/ 068571 PCT/ US2004/ 000966 TRI - GATE AND GATE

AROCUND MOSFET DEVI CES AND METHODS FOR MAKI NG SAMVE
WO-REWDeESFL THE | NVENTI ON The present inventi on PEI/EBIE4/000966

generally to sem conductor manufacturing and, nore

parti cul ar | yTRIEGATE AND GAEE gROBNBIMDFET ®ESIARSNd

nmet al - oxi de sem ransi st or

( MOSFET) devi ces angwgfﬁl)sfdé(ﬁ{ﬁf&wcﬁ%ﬁt hese devi ces.

BACKGROUND OF THE | NVENTI ON Scal i ng of device

di mensi ons has been g5y bivRdiy mNa§EgEN dr i vi ng
i mprovenents in integrated circul per f or mance and

re EFd’trqS@’lt]mP’et’tt“?nﬁfI@@’gﬁlte@Hy @Is?rﬁtgﬂnfiucg)églfnufamﬂfl@ more particularly, to
triplelghterhddahtt ABShd AREOSKIda befbondubibr fpRt-fe@XhidBot (MOSKEBSB €SS arliGnethods
" g{%d SO ﬁr ce/drain (S/D) junction depths, scaling of
of makipe WPe4¥Bhl k MOSFET devi ces beyond the 0.1 m process
generation may be difficult, if not inpossible. New

device structur e%@k@;ﬁ@ﬁﬂd@ﬁ'ﬁﬁéﬁi@m&&k‘s are likely

to be needed to rnmprove FET performance. Doubl e-gate
MOBPTEs! fesse digsttionienh gt ewsy RaRadrred M R b g¥cerats cireult

perfoﬁﬁhﬁ&@tﬁdjﬂedﬂ@u@)m Slegrned dbarnast. DMIShETSions hidodkedd blite ggabede thicknesses

ftw at.es t he channel ‘
et R NP oS e S Ene il OG- B PR i proces
generbtiof fday bd cﬁfﬁaﬂtdmhm inogiiee Ns¥ Hevck sfuetutehatl newmddtardBIha, are likely to be
in.a vertical fin. Although a
needegtoﬁpmvelt—l%ep%g rucfure the FinFET is simlar to
ex Dsthlmte@t(%ﬁﬁifs RIDSHETey deficdsaipbne capfidhiop fobuceeedinepisting planar

MOSF@f:sh A &Uﬁ@gateTM@SP@TQ e Lisedt g@t@@% ceh@s! v haRg glficantly suppresses
anne|

shor GRS E4F o BT £ oD e PaoE e e et e
AlthoBEIN\ARe-§ke srbdiiird, Iy EINTIETONsiR0ar tngxiseupmpirha tM @RTE TClo frgous end ifidbrication
[ r

techngfués Tﬂehgnl:%r[‘ aﬂ&f)rg\lru%gnglg% o?%&hdgfélgr{%lhg glg’[(%; g}ﬂlﬁfa‘gtﬁiﬁg dSn@ la?ge packing
deﬂs%&ﬂ@?@éﬂ‘lﬂﬂ?ehéoutﬂPréﬁ%Stf&@Wsc es. In one aspect consi st ent

with the principles of the invention, a triple gate

nmet al - oxi de sem co cf transistor

( MOSFET) i ncl udes g—&)?] Aﬁ&tql{ikféu&—v,gkfn% 1rst gate forned

adj acenfm@enfentatirins @hgkentofithttheeprifigiples of the ingdntiomeprovale gipteaatd and gate
aroud ¥ PET AL B AHLARER] mihuBEEAHIGheS ALl the fin

structure opposite the first side, and a top gate
F OFTRBHFF €518} Vil PRPIEF e Pnkon- § P8 HY Oéléb%@tcond“m
field- aff@ﬁiaﬁmﬁfr QMOSFHWEEETES 4 ﬂCs]ttUdﬁS alfist gatefbréned adp8ent Afit stds bf the fin

te str adj acent Q d
structflre a secom!l a%e?gr&a& a a en siei;ond (] cg:ﬁ-te rﬁlt,ll (SJ ucture (o) %?P%ghgq{r%gl €, an ta top gate

fonn@wottdp@fth@ﬁrestm;ﬂumhe f| ns, a top gate structure for rred

0N PG &E aspBdR faGatO frodB @Adﬁﬁﬁ incRfd n@lh@l@?ﬁsozmirg@fd@\mll gate structure
structure formed under one or

fom‘iﬁé’fila%ﬁ‘d’t‘ﬁ%fr‘heé%é&et"ondéldﬁté?tl 15eel Stfuﬁtt‘reg‘tﬁ?‘?ﬁ aﬂﬁceﬁtaﬂ“ﬁger PIf © gthe fins a fop
gate S;MNrETrmha op b@\or fied of Hdns,rmed Hidon gad¢ wudase fofmrdnmdegor of ingre of the
structure on a substrate; formng sidewall gate

structures adjacent the fin structure; and formng a

t ofn Ygtnethes spert tarethodbier forppingxates e MQSKES ispipeideg: elhe mpjhog includes

formlitgﬁ EN&Kct@s BELAibstRe; MR GadvRll gfiOfuituitel QRte8Shd ih sBudMeShid Forming a

i s provided. The net hod incl udes
top gate structure on top of the fin structure.

fins.

In a further aspect, a method for forming gates in a MOSFET is provided. The method includes
forming a fin structure on a substrate; forming sidewall gate structures adjacent the fin structure; removing one
or more portions of the fin structure to form fins; forming at least one additional gate structure under the fins;

and forming at least one additional gate structure over the fins.
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formng a fin structure on a substrate; form ng
sidewal | gate structures adjacent the fin structure;

WO 209968301 one 35 or nore portions of the fin BCT/USI004/€0966
to formfins; formng at | east one additional gate

structure under BRIBF fESORIPTEIMNIOE DHIRDRAWANGS east one

Ltional dgate structure over
T 5088 R0y e B T p S et i norpLie eincaton.
illustmrd@n DRANTRICSE (i avatoonp dsgtho yitdiadesmighon, eplapihedrvention. In the
drawin@cor porated in and constitute a part of this
specification, illustrate an embodi nent of the
i n¥Ent TIBYToleRTa cxomplgeerRsess i fepricaie 2 HESOF e pSRT inerg frngrgntation
consistBie? wltlﬂmeﬁl‘tnb@las of it ifvBi@ion;dr aw ngs 5 Fig. 1 illustrates

?/Eﬁ?_g?é?gp rl]ustré%e GTQ(I@T%W z?rs g’rﬂ{s g{c 1c]:nﬁ v1ews fts ola tl%@ egattet l\ﬁ)@%ﬁ‘ f%)ércated according to
the ppeéssing dodcaleed @f Fig.He i nventi on; F| gs. 2-6 illustrate
ex %[ép"’ i@ﬁsYratgsrag %&nﬁﬁﬁlplr&as@l’or Mbﬁ%ggfgat@argﬁnld MC%FE'?‘¥nean implementation
fabricated according to the processing
consigignd #ith eprinpiglegpighe inventionig 7 j | | ustrates an exenpl ary
pr @%%SZﬁlmEtrafe&beﬁﬂqﬂh@t drift@sedtiog@ v RwasQ lgﬁtd arbAS VOB FED faBficated according

i mpl ene consistent with the principles of
tom‘i‘%w}gcesrsm%des ‘f“%“ﬁl“Frﬁ.lgs 8-12 illustrate exenpl ary

cr &gs-18-éTHlitmia bn sxeeplgy pbcess fopatismaing the theBBREget required to diffuse

actlvg@tjggdtsq@géqysﬁg&%ggragg to the processing described in
15 illustrate an exenplary process

f origsrilfiil %ﬁﬂzﬁtfﬁf@ W FHEMRLHE PiReErs [piergene skl dered ebrpbi P Fus e
active dopants in a polysilicon gate; and 15 Figs.
16-18 illustrate an for formng
hi ghly doped abr upt BEFAREATsP LED DESCRI PTI ON
Th&hd folldwang dntgﬂeéé@samntlerdofdterémentpmqnewnsjﬁenr it teamaeserd invaptien refers to
the a&@ﬁﬁahﬁﬁg&ﬂiwuygs t ’ﬂletsih?e rBEERE RifmbkS Mﬁﬁﬁe‘réﬂfﬁr&ﬁﬁg@ ay ﬁithlfyttllik%ame or
dr awi n% T e sane reference nunbe

smulaﬁ e];ef.n se eaf\%lq;f@rg I i‘f&lﬂ]{.lf)[f %pes( rwélngrta%mbe]ntlons Fnrsrtlez}d tIhe scope of
the ibr@iniein ﬁesfmedAdyslm apiehded tlailnk enditif egletazhtb.ed descri ption

d o%ﬁpl@r%%tatliqnmo‘usétg?m rﬂH %{)@& oﬁ!hg ﬁl(/e%ﬁglm' r(;\ni% trg) e?%t% ar%ffat% ground

the invention is de ded ¢l
FmFE"!‘"r%ﬂVFeSééﬂ}W@ﬁ%ﬁt @anﬂarfrﬂnéﬁ’emdarlqebns consr stent with the
principles of the invention provide triple gate and

gate around Fi nFET devi ods for

manuf acturi ng these d’g’gﬁ"@g@*ﬁ%ﬁ% GATE MOSFET 25

Fi gig Nillpskrhtessh patnpBrygrrcesx ﬁ)nfablaaty]gp itegpbeese MQHFET in an implementation
con51§té9 Gl trgtﬂé ﬁrﬂgiplgs (Ef tﬂe erv@ntlglgtlﬁgs %‘f&-&aﬂe @xeglplallymlssesgglgﬁa@%év%%f a

consistent wt princl p es of I nvention. Fi gs.
MOSQE%faPrqafa%rCF%rhég fe%@rrfﬂc%iflgrg deserileed Wgtéaergrrémlg Views of a

MO8k Fetdrabé o m& aGndz, @@Eédmmggnap eeghhath@aﬁae@al&ron gewce 200.
Senuf._ong'uc{or (%vrce %90 énay 1n$1g% ea Ssglcchn on mgulat%r ésc\ﬁﬁ] struct%ni% thael}lﬁl%dgsna qulc%n substrate
210, dbwmd:@ﬂd,’é OQer 22(Bema ciderd letr@ﬁo @eher k@eedzb@@le ey 2200 Buueexige layer 220

and s§1'c$n| 15:}'91@3@ H}a}l E&Sfyrlrr@& &1" sul(s@g 310% 2[ &G\te%ogaltnﬁfﬂer "Irlllg hﬂ:gl%% o buried oxide
i licon substrate bur) ed oxid

lyer 4y g, o6 B’ﬁ‘mP]ﬁyfé’rm 32%5(&% A rive ek Sl?/%w é’?fefé%bmay range

from Baoni 200l Aexiode Al ayar bedgfdeciated that silicon layer 230 is used to form the fin. In alternative
implementations, substrate 210 and layer 230 may include other semiconductor materials, such as germanium,
or combinations of semiconductor materials, such as silicon germanium. Buried oxide layer 220 may include a
silicon oxide or other types of dielectric materials.

A gate dielectric layer 240 may optionally be deposited or thermally grown on silicon layer 230 (act
110). Gate dielectric layer 240 may be formed at a thickness ranging from approximately 5 A to 30 A. Gate
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and silicon |layer 230 may be forned on substrate 210

in a conventional manner. The thickness of buried
w@xiodeessrayer 220 nmay range, for exanple, fronPEbhUs1004/000966

500 A to 3000 A. The thickness of silicon |ayer 230
dielefHylayeRTUYEnay fnbl@d@c&b@iﬁbnaﬂ@&eoﬁldn&t@ﬂiﬁlg Guchas alntoxﬂuM dng BBcon dioxide). In

otheralg grr?e]% atl cgn? t% mttrlda ! at%rlal suc%nf %ﬁ% ﬁ{ %{%JI d rr]nlély besua S gaté) ég%}nc material.

er na
an & thrgprreled®de lrmyZﬁOm@t' uldmaﬁt' bedepsatiora lgdudwlmtrlc layer 240 for forming
the tJFBLE Ea'ct%@ CRHEB P& 19,@{%9 maym fornd 2% th%@ﬁgé’é PRl 338 affroximately 100

sem_conductor materials, such as silicon ger mani um
A to H0P e d rgsebeg ef aipelive paterialpey bhiespd faieeais CleEons letsH2 W Ferexapple. gate

elect?aawer 15ppas maﬁdedlna{ae(eH iuﬁggﬁﬁgéﬂfaluﬁll SumifmQ atiel, Gli;rlgjhliﬁﬁtrﬁddﬁlm,
ayer .240 na e osite r Yy ..
patlag i S aemi SR ENT 6 ag reR LR G el W el e
tantalumynémdemmenmyoxtsie efcorare dorad seaicoiiugiemeesal (eggiolygrydtallowrsilicon,
pdwgggmggﬂggg Rl el P 30 A Gate 2 WO 2004/ 068571
&1/ US20047 000966 dlelectrlc | ayer 240 may incl ude
c oY |2 490 (erihandanatly may epiiprally beifermedsondep of gataglecadedayer 250 to aid

in paftén @)tlmlz&idn laqufotéét t@p(ga%)ectrddg 1ay@t25tﬁfunmgmp$saﬁa{ﬂ b@&dsﬁrﬂﬁact 80). Cover

layerlaé(} raa t%r ?Xﬁlgp alu(?le Oal gﬁc x{?tﬁle maﬁpgfﬂ OF isog}e othﬂ t¥p8 |8f rﬁaa?r éﬂ capable of
proteetinedtelg@idéecltrayelum@% fapeigatiopirecennalCovyr Ier 266 pey bd @gosiedefor example,
by ch(glﬂfcﬁ v%o?(lleggslct;lgﬁ &Vllﬁ)(tedrthl&%&s fagé’mgf ff?)'fur%ﬁgmm&af 1000 988 £

0) I'ectrode i %% formed at a
t hoBReTYSr %3%&? ﬁl@lvedese’a?dﬁfaa foprgatselaptrog fyer 5 SQymiydpe pesigryed by
convéhtionAl mhtighﬁlﬁc l@nfhnl@t&ﬂ @G Eledt®n Hamem)aitlﬁ)gzaf&ly) [sgticotsie@r £30fand layers

240/#8 ma¥ t%a-nga &:heg us11}%c eﬁ gnown%tchlgéﬁech%)ét? n% fortm Sgl?(;tl{ere QO as 11{u8ra?ed in Fig. 3

(act B Siahotsmy 308 riien G L0ntskistects A0k et leckHio @0y cover 260. The

widttRkih B nlﬂimran&l P aﬂbﬁﬁlm&&@ Q(ﬁ}\ Wood®! ybdenum etc.), a
netal contal ni ng a conmpound é&?%@ titaniumnitride,

t afit' o its .f%l?l?ta% of SF%F{%%%%OMO uriedoids layep 20 may B?Jr@’aoved using,
for emeple Gﬁﬂduﬁbﬁ‘e&bmﬁﬁio_&ﬂ etelling(t&h@ques @allyar M&hﬁhiplemalt&bﬂl b& @A pxide
layere% M%Irbgg%&%\ 0a %LQ#%‘% T ﬁgﬁ%l ut?‘s%og{ r?n ﬁle e?%%% a portion of
burleti 9>pded¢ye@?éﬂ éel@f @b&lp &eebel rayéf?d %@sv@edam Eﬁg 4 n pattern

0 p@idm/aﬂ%ﬁtlgmo @ﬁdzm@h&%e foa&dga@hﬁstﬁle@ GtH D4 @t mf)e FordRéple, a gate

upse

O cessin ver
d1ele<é%cda)ﬁg%;% IRy Op 81%@ pOSlIteH O tﬂ%@g@ ggci“in °B g‘ﬁ 5150 T,fslicas of st}/ucture 300 using
knowmgecimiquesl Gote digleciic 1@§teh48ﬂ ntay peefoinfed aratttedknas ragggaiivhap@bximately 5 Ato
30 APEQL ﬁglgétrﬁgaytalnﬁo EQ}I lgchft‘lk @&Rémﬁgﬁh&%&%{rﬁ gla{mhaqs, gu@l?gs aft Q{Iaqu g., silicon

process. Cover ayer eposited
d10x1%e)2 aIf‘?ﬁfhér 1mplbr?enggh@m aélélpon\p%ror @f%ggiielthlsdﬁay@@m todgrmdhe gate dielectric.
t hiagke els&oﬂaﬁygﬂ g mby QA LR @RJAKE BRE RhnioriBfordeid 280 fdn sidewall

gate ei:lfectr(%es %48 ag fl us%%gteg 1&%3 %a%e %g()d?m%?&%r rgaalltb? o?r%edélt %gl)lcgness ranging
from @mpmxelmeiydﬁ@\h td ioom&gmpmt@tom stviecionde Bydr 830y a pundked foaignials may be
used R@Qﬁ@w&l@e e'le'e&d&@ﬁ&é @J:hy )Gate‘xs,le!:tfogcolgyel %%{ay ge’")’;qanarrkgd uQXge for example, a

0/ 250 may_then be etched usi known et'ching
chethéld?fﬁlilaalaaé 80lisng (GMAY: & s<pRse e top s-m%ce Oégovm 26Q@d fam iy sepprate sidewall
gates Bi(@and 320, (samtstraleaG})Flg $tructure 300 includes fin 310,

g a gve[(#?%l tg}géa%t ﬁectro %50 ang ieg Jmﬁec?nc %g& r{elegr?ﬂ}eeg ?%?tg())halla Ige removeg as

illustra‘gt{l)mdf'j@ ﬁ@pt@ﬁ@) B@ eamply, 21000 oa SI@@r ﬁgjhampm mey telyeed in a conventional

mannb:Q6 ﬁ@ﬁn‘t &NerQBO HC Elwfrgde%@@ andeatd Qletebi@ 8o l@éfch&dwﬁ% in%mzmg
| a 220 ma € renoved using for exanpl

effctiSpoeipeiih enAO-df S mPERRIiguEt: Gaete 2EDYa opipTghe et
intact (42 Ineur@Mved wihiRoveP280 lagTloakeGRctrddays®y. 220 may be et ched

to a depth ranging fromabout 200 A to about 500 A

During the etching, a portion of buried oxide |ayer

220 below fin 310 may be rembved, as illustrated in

Fig. 4. Sidewall gates 410 and 420 may then be forned,

as illustrated in Fig. 4 (act 160). For exanple, a

gat e
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25 dielectric |ayer 430 may optionally be deposited or
thermal ly grown on the side surfaces of structure 300

w@2i0anessknown t echni ques. Gate diel ectric | ayePCHBS200#§00966
be formed at a thickness ranging from approxi mately 5

A twep ga%l@may@dn&pﬁﬁnﬂly&é tofrhad (Acawe)r, adBBtr @Y FiRG. Wehxample, a gate
d1elec?nc magerlaf &P may (%)Itlgn ﬁy lgerrjaggcsw%% ﬁ)m(l;a? ﬁlé frin ? 1§‘p Fn tﬁé???egﬁ% chegectng material
620 mdy Ilanléfna Imtmai stheilapio tigtnhaerial pwt ér bad Selovaig 2iand seybetformibdat m
th1ck£é§serar%ﬁ1tg @roﬁ'aﬁdr(ﬁ&ﬂaﬁélﬁ A 'c% sgat g\lt@rh&%l{ %Q@d1lal§¥r€crmadé§% ?ﬂ@ﬁllay remain.

bé de osi ted over sem conduc devi ce
Top $a£9re}?ft§1da@%%ﬂai 6303y Hhait Wliepbichedengeisd guppgatedielqeiric H‘Q‘Pfrwé?-‘@éﬁ?o to form

top ght6161rﬁl g‘tate électhﬂH atehent modecnlday ﬁﬁtexMﬁnﬂ‘I@}b themdi@inirmes f&ttopagate

f [ t I 0
o EHTETR0 905 P PBLEE Bl A0 8 2, 4008,
rratféerrr:@ltmg srencolpiectondg ack 2D0ilussntekbndlel 6 gatishdt bet podd.c., sidewall
gate Jll@}’sﬁ{ewadﬂzngte 45@5&1 t&J g%tﬁ[(ﬁ d onlvé?M a1 16}6 I§hg rlQéft‘lop r@&?sﬁng %slqje used to

usi ng, for exanple, em ca anl ca
complet\f) ransigpr gy dering H@ S‘t“fﬂs a@tﬂfaﬂrarew@k Qe rmteweneatﬁ epdfumrﬁqvel
dieledthd3 fG @R AP Re MMEBEW@l |  gates 410 and 420, as

illustrated in Fig. 4. 35 Cover 260, top gate

el ectrode 250, and gate dielectric 240 may then

optionally be renve@ATEQROUNDIMOSETed in Fig. 5 (act

17@Dg 7 1E%Erat%ﬂ%lmglaryq)rdg§§}6r faﬁfcatﬂlgﬁlgm Ar@lfnd M@ﬁp@f] 1n3Mm 50" ntation

be used in a conventi onal manner to permt cover
consigiegyy witnipeprispiglet f gigdnvonion. Bagich- (alusias SPBRlY fresspepbonplyiqye of a gate
arourd MXBEET fablidakee a&bﬂing‘tolhefp@)cesaﬁg &&Irx&edtvﬁthsdsﬂﬁma?‘ﬂg 7| a’tcﬁéfssmg may

.41 d 420. | t
N LA
slicon ebstyets R Sutodiotie lesy 0, @G licamtiyer 839. Fa¢ $0letnebkamtde similar to the
one dgégl)ed wx?th M@e@t@c@ﬂé Q6 gétYo;algqgayggQgﬂé Q&p@@(éact 71@53 g)@tgﬁe Qgcg'ode

hen option ormed (ac
layer; 8?(?/ (efg F%Oé’taé 2 Goper ll;eiya 86%(act ﬁ%)(P méx(laarffﬂr@d onafhegsﬁl étrlmu@ 1%%1{11?@%‘( similar to
that detiled hisve GR0redprey tolpd [ WAIAY bAFidHE regrown or for rred on
fi glh?&l@éiyex]c?go fgt% ﬁlelgc%.’?cque e 9 tlope {ga?e etler(i rode aeler%gd rPay be gagterned by

at er eria
COHV%?nalg}éhOéraﬂP@P@@ﬂlreﬁ te- gzalectrambﬁawé@B)ﬁ@ogr@nhmk @iligen lgyer 830 and layers

840/d561 hl@}hﬂ&itsb‘é etcied gél@gﬂeflfkﬁ)cf@n%faﬂﬁé)%dhmaﬁet@ to)fonﬁl a’%tr&c@hr@g(})o Ass illustrated in Fig.
ernati v eleclric mater
o el e R Pl s Fa ol Rl Bl P sutag ) mafover s60. i

910, opiistanaitt the fr@erd @pasod @ay to veativgavide. Hoedxewple, ithe wirBi &ifin 810 may
range%r%g{aglggmggeg dmo b&pigate 610. Gate el ectrode materi al

I nCc material simlar to the materi al
usE‘dlofV’é‘E the %m%jlatl ef strggtusec 10 Gpertionef baied ongs/la5e82d@sy 8Y emeyed using,

for eﬁaﬂpla, oh&br@ﬂﬁfb&:‘éﬁ/eﬁtﬁﬁlﬂ bt&@ngﬁé‘cﬁkﬂdu&ﬂﬂc& 030)."R bd i¥hpidAQhiafor, Buried oxide
ctor

layer %& mag tber; eat-lillgg toraedg l }allgrll frr?g)? h%q‘a 8 tEoHt?S@éA E{lrég(t)l(eichgiP%’ a portion of
buried pxatie\Werbr 820 g@ttveﬁrﬁﬂ]l(bmassbedﬁmm asglatsgatefi 20ig. alhd top gate
6 1§)i)iewa§%£l¥sqmd a‘HE‘ %20 mg;rbe ffd’?lggdl %Qﬁdst‘l)zned‘ﬁ{qu 88 &kt%O)C %5} example a

be used onpl ete the transi st or .
gate qiqfgetrig &‘eﬁré@%{w bR &Ffaﬁ%s) SOV BkEn teF‘Wt‘léﬁ'Sc Grineebaric e
1030 angbel forined atla @idhess ldﬂlgﬁ]g%hﬁppﬁ&urﬁa@ly 4 A& 301l e d@ﬁﬁtﬁc layer 1030 may

T
mclu(l\g%werglona%echtréc;angJaéan % rsuc gso Oélgf%e ﬁ g51 écméif))%cgez r Satﬁlg ngtwns a

silicof mtrdﬁon an@hee metprizh mpyohe used Bs theogagidgteetrit mytertah t he
pm@@&@h%ﬁe aéctrmqaymwma{y%@depEgltgasoveI%eJn-@onhL&daaévfc@%&b Gate

cross-sectional views of a gate ayound

ele"“wbéﬂigﬂof Pibe fraed apebiskngss f?gg%frqnh@lﬂﬁw@et@gé@%to 1000 A. Similar to
top gaikeSeetrddd &Gler\86d, B niin@SPE Glatedials vy Ge uséd foPLQRGRABStRGITAY layer 1040, Gate

begin with sem conductor device 800. Sem conduct or

device 800 may include a SO structure that includes

silicon substrate 810, buriéd oxide | ayer 820, and

silicon |ayer 830. The SO structure may be simlar to

t he
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one described with respect to Fig. 2. Optionally, a

gate dielectric |ayer 840 (act 710), a top gate
web@enessde 20 | ayer 850 (act 720), and a coverPCEHYS2004/000966

860 (act 730) nmay be fornmed on the SO structure in a

electidBI1NRF 1080 iithyl ba@aﬁaalzedt Rak, fel%smpnebzedmabfm@sa\dh& 3p ERBR&EEover 860 and
er 830, gate

0 act
fomtajiloesf%af: ersf]dcezwalu &S 1%%9@1(19%2'9 dastl@f)tra S 1gt’s?%ct rode | ayer 850
mayowedqdatbrn mew@dtrddy 850¢ gatpditecirio B}@L ant jotetto grophiitions of fin 910 may then
opt1o¥1a@l? Bﬂeﬂ&'&%@ ag ﬁué&at(e)d ﬁlF Cflr(g)c[1 7%? W t(x le la 'c&rngﬁigﬂplk%érmng technique

I con |l ayer ayers 40/ 8
and egehig g isePniguq Tpry bhveted tommm crer A ﬁ’@ g%t%@??ﬁpﬁ&é% gt dipleirip 840, and one
or m(%& P ks Ein gﬁpwm@smmhdzu@ bifdls @hideWallFph@s 1020an@ 102C tin 2AG0x -
tructure

00 udes. a 910 e dielectrigc
1mp1e(118ﬁtat6)5,tgéte 1618(8?? g gaé%onag%geq%fbl{}t <;,t %é%ose ﬁprﬂonsg %1 910 %at are not
remogadn $hestobing ofifintoh0 tiyaerpiingts emburiedws@ia laye§20, myusbﬁed in Fig. 11, to form
two sE;?al'a?etﬂn%/ ?lllbf MCQ& ﬁné: Blo & ng{t)herangh ?ro?ﬂ“a%‘i&ngaﬁd}f o'k I;g }&)Oﬁﬁs shown

range from ap roxwrate 1000 A Fo oW n
in Fig. b}, ﬁ‘&’(fi“é Al 181are ﬁrmeﬂc thypther meeﬁatﬁﬁﬁ ©PIs fhaptvolsigy Hé@mwheé@med
I axaate dBR&riRY0 lla@ tﬁeﬁns@m@@hamsgrm, on tHe @Xpo ¥ dHRLSE of €110 Itact 780), as

111ustra% n gcrlFE E% giltg% eld(?ofgp % ﬁ?t? %gecggzl lég bvf é‘s\zr} tg %%ckﬁ%g/gfﬁléout 5 g to about 30

A. Gete disledrit B1amgepitde p angiahgmilar oraaipedifor RBClcketrio 840b Adlftrnatively, gate
d1ele<§9c0846‘m§)Héﬁlﬁlﬁ] Bvet tlﬂe,e toﬁ E&Q&e@ 9 fm@hﬁ@ ErIdl thQ dlglgctnplli'i? ﬁﬂgr 2 éfoglﬁ on the
| ayer e renoved, as i ust rat
expogef) S‘Flf-i riacqspf ﬁ‘Sl 1&@/\@ I gat es 1010 and 1020 may then be
fo mﬂﬁﬁ’qnal@Sted Ihelyld&h baﬁ)ﬁl@d (3t ’ED)gas ilOraled @i Figd G9)) For EQfnple, gate electrode
materaa In%a%ca)%gr}ag)f e de %ﬁd%%r Irgallt%:w{elﬁzéllc ﬁnat]éf( ﬁ 24({)3%{06 g) cl){m addétlonal gates.
Gate @acttxededpa@elne]dtz?q rgayltlay oF pattq_r@@@ndmyledje fofp thyyedilitgpal gates. Gate electrode

mateltleh |1£26 Hﬁys§lclﬁc@ lagda{égal Qlﬁﬁmt@ﬂpﬁl&éﬂaﬂﬁ&ﬁ{)%&ga& ete@tro%g laﬁcr 855651@’ or
di el ectric | ayer i ncl ude conventi ona

sidevigil ggtedqcirede laﬁfﬁtl%ArO aﬁil %‘ay @G&H’?“Eg toé*r‘ihl%‘?‘fs?j‘@“%‘ég f@’m ap%rP’P‘i“%fﬂthO Ato
1000dk. oxi de). In ot her i npl enentati ons, silicon nitride
‘ ?r;t'l‘gé’]rlgsg{&eé s',&nncon (mtoar: d]evmeégtog r%aeyll’iI%c g:le fa 3 t hrrelor ?ggt%o(i%,esldgv%a 1[§|at% 1010,
sidewgl g5 102@ thp@ote 238 canil bfétnmlg@te Wo)d@vﬂt!efeat@@@)oﬁg (EAt Eop gate 1230 may be
form®l o@&tﬁFlm@O dnd ¥ &om1Ad Q2 48Ny BErofnRE RiE: 18 1 Aol bé&&ﬂ@&ﬁMOSFET

ran fro oxumtef, 100 Atq 1000 A. Sim]ar to
fab“"t"‘%"ﬁ‘ ?Sé‘“?e‘ia% %‘Egb‘é cqmprky thegesasision (o, RIS B SHPECE 819 dﬁﬁ“éreglons)
contamaynt@eanmte endfiger-leridiamairks fgabegaela@otdosFHTayer 1040.

Gate 4 WO 2004/068571 PCT/ US2004/ 000966 el ectrode

| ayer 1040 may be pl anarized, usi n%QN‘-,SI or exanple, a

CMP to expose the tQEHg%W%{@éAENFAE 860 and form

t V\Qh@ﬁp@-ﬁe@& 5] t&'aﬁ%’ﬁhim&@k@&rrﬂa@ﬂxﬁgs@ﬁ@mr@@ %thfu@esand activate dopants ina

v er t
potysiiser s B - Lk RS e v o B¢ Betr Gk g fied o
diffuse jagtiv@ddPamseiy a pdi@iliconggatei Anshbyin Big. BenidnyiBH) mae formed on a substrate,
such ésl alﬁgu%ﬁtta@dﬁh @30‘6'ng1y béli%rrx(eﬁgstln t%pe)xamlﬁé) 'bro@%@ 4:1 VG to%hose described
conventional patterning tech i que et chi ng
above wihtpgardixeaisy mBlemensasignst o r enove cov e r 8 6 0, top gate

el aatix pﬂtelh&ﬁ%ategatleoodhagalbe@etpassﬁtw o340 1308 sIRA in r@g 14104 1Eon
nimz ef f

implagt?l{(i]pteni%cfc’ss r?l!gt gerio&ﬁsl tQ g\c')h e R%}fgﬂconln}?tegﬂggw evylthedopants g conventional

anneglingirenqss ma}athprdw perffane. dh@b actmay be 18¢kdtedreng oopore edu@doha) tites, as shown

in Flé @.‘f L btﬁ]ctr %Sltd @Y @500%? §§suﬁ9&etdlt@ralﬁtr1%@g o%/'mﬁco% Ji&)oglg %ﬁpl@l{tse and anneals to
not r enoved chi ng o gp term nate on

mininpjefy thedpripal Pesigetregiyiend tgdnge thepolysilipqast rated in Fig. 11, to

f OThaxe it MO a&@dﬂaﬁ @t @t birdds hibflid QopeEdalpt j@fctibdsNBigsl 1@-&4 ih@ﬁrataan
950 A tq 1000

ool WS SR AT PRSI TR, o3P’ o e e o'
ot her i npl errent ations, nore Yhan two fins 1110 may be
formed. Gate diel ectric 1210 may then be thermally
grown on the exposed surfaces of fins 1110 (act 780),
as
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illustrated in Fig. 12. For exanple, gate dielectric
1210 may be grown to a thickness of about 5 A to about
W@0004H685@t € dielectric 1210 may include a mat BCT/EE2004/000966
simlar to that used for gate dielectric 840.
mustAketi rmaé. erlhpm 1g@tieludeiadih @610rahCa HAQIeBRMe [6R0MBA KdOMEN of FinFET

c 110 and di el ect 2
1600 is 1yus%atgdgnr1 5 1% B n]?]%lf 16&(&5 ncgl)l(d:)éo S Somge %Fla‘gﬁé(gfi n ree%onc}?éOf img;‘l §ﬂ'annel 1730.
Sourtd 1:fion wwarﬂldomaéglcgaﬂ@snabraymtphemd igh fopmmiyed (act 790),
as Apk tkSdopiaf Gkel rg fkd, &121716:591 F72093 6 Slcfed §
mat erlta Eﬁ%% Ty optional | g@%ﬁ, 72 ?Jveer Cg Pa@&osﬁmga
metalyvey te‘cwwdr%%?qs afP1 ogabyyep welzh@g fodprrn aamati tikicésls a}ateg%\taé glustrated in
Fig. BatmRpals@ty piRd) ald BLohd lintel 2200 1B hibh@hceRertep abriyfddiadicand
etched to formthe additional gates. Gate el ectrode
material 1220 may include a material simlar to the
mat eri al used for top gat@N@&iOXode | ayer 850 and/ or
20 i bichhdus 0 Gen Pl BRI £ e .
dep Oﬂél \A%l "0 a thi ckness. r%%lsg)l}l{n%ém%r gf% appro ttgg dy“alte around
F‘“Fﬁ?)t‘?"}&esta&d mﬂEME)OfAlan“ﬁ?émPgetéﬁF f9vise- sermi cond u cto r devi ce
800 nay |nolude four (or nore) gates (i.e., sidewall
010 020, t ate 1230
bot eé%‘{‘gedeﬁ‘iﬂ?? eé%‘%? P%ﬂf‘%sd’?ﬁiﬁgrﬁ?e&t invgBion 1?*889“@ dfegration
and dk@fiﬁhonayt ipeot infeaderoche @xhaustifel an & likil 1k isvagiol otttegmcgafosn disclosed. -
Modlliga4“gnsqﬁyvahﬁmflsoagéngéglb%qgﬁ'ght éﬁtﬁésabé'v@ JchthDJﬂ \48{‘15 Q{E&Ld from practice of
fabrication processing can used
ﬂwnﬁﬁﬁﬁ?ete the transistor (e.g., forn1ng the source and .
dr anﬂ’bxzilnw ml'ﬂlgz)above 6&¢&1pacns SwmérBls€pCian AREIE Sre 80rth, such as specific
I. nt ev ielectrics
mato gl R RS el § P e Eu b PRieS e
implepiepfatipny eontistpat Vithdrerpeesenbinvkgedn. Tegeimpulertaiontiafid elgeingfechentations can

be pr@éﬁt:édvlﬁtvgveg QRAJ ésoftﬁg ) the%gtalﬁ%(%bééﬁ“ 'cAll'y G& ﬁ)rlﬂ ﬁér&n IE blSrinstances, well
3-15 illustrate an exenp rocess m nim zi ng

knovxfm ﬁ@cisﬂ%wturﬁl&avﬁ at bFeél& Eﬁ‘:‘i‘t@a mtd6 ail, dfy qrele g‘é tod{?flqcl\eféarlgld)ﬁgﬁﬁegle thrust
of thd presant pO&nyisd. fn M&l@aﬁe@resﬂslnﬁdﬂMcoh%nﬁjng .depbationapHotohithdsdddBic and

bstr ?
h I
etc 11(%%0 11’?1?%% 1%£}[ngm8iy§% 6n ence tﬁle etails & aucn teghnlques 8vre ngt been slet forth herein

or e
indefgil.ocesses simlar to those descri bed above Wit h

re mﬁlgseh& o @il h'a@rbednmc@%@ G/it@fe,lgeﬁ’(pt% F1g§\ 1taBd 7 iR Sl d¥iSe thb Q(anmay be
vmw?w §%|al 1400 be deposited.on fi 1300, as sh

ﬁmplilzentaMS c sten:_g’ g'lt PrESSRE éD(VFIBIﬂn F}Y[oi&oggsnolqﬂﬁpebdént acts may be
inmkpemﬁbnnndbto dope polysilicon material 1400 with
Bl? Qlter?xent A“ﬁ% E}Mtﬁlgﬁdn%gla% Im th Qc%?‘Jldn%chp %{Q %rﬁ%&ph%Xn sthglﬁ&]bebc%nstrued

or med ese acts nay
as cng%ortepngaq to thp wtwnagle@ 55 Rty ﬂeﬁcr{bpcbas suphy, Alp(h asd{seh‘iéprem, the article "a"

is intoMREAAS mi:lfldeﬂ)nel(gr%reﬂﬁhﬁs biehetldajy@ad @h it igteﬁﬂéh ttﬂelﬁelrﬁ "one" or similar language
(0] |1 C eOSI.t annasto
s usdl EStcpt SR EREF st B T Rt0T PEESPB Ebbe ¢ he

ponS|I|con. There is also a need in the art to form
hi ghl y doped abrupt junctions. Figs. 16-18 illustrate
an 40 exenpl ary process for formng highly doped
abrupt junctions. A top view of an exenplary Fi nFET
1600 is 5 WD 2004/068571 PCT/ US2004/ 000966
illustrated in Fig. 16. Fi nFET 1600 includes a fin
1610 and a gate el ectrode 1620. A side view of FinFET
1600 is illustrated in Fig. 17. FinFET 1600 incl udes
source region 1710, drain region 1720, and channe
1730. Source region 1710 and drain region 1720 may be
i npl anted with dopants. After the dopi ng process,
source region 1710 and drain region 1720 may be
silicided by depositing a



5 netal over the source/drain regions, followd by an
annealing to forma netal-silicide material, as
WO bdussssated in Fig. 18. Dopants may pil e-up BECT/UR®04/000966
channel interface to form high concentrated abrupted
WHATISCAOMED 1SSONCL US| ON Inplenentations consistent Wi th
the pringc f t he .i nven r ovi e tr|
ang1 gat 2\ ar%°§ﬁf% nﬁﬁaﬁm evi aclz 8’(sldegsn C??etwﬁoé&%l &ecgranmsmr
(MOREEID £288X eamiprigng hese devi ces. 10 The foregoi ng
des&nngtatagttw@ttlregﬁemla@tb\éumﬁﬁh ments of the present

i nvention provi I'Tustration and description, but

i s fBinep ﬁtuehfd atsiderallsteaRysates (410 ¢2Q pdipcgntite i stryetyee (310); and

I N¥&ink @ Wplgtre kMR LAY choplodhBTiting el 31 o).

Modi fications and variations are possible in |ight of

t he above teachings or nmay be acquired from practice

of 2.t he Thenethdd oeﬂaxmﬂowheeamhmbmngiamoptgate staoixe€610) includes:

desGhinph gnasetecﬂtt%t Q) &Bﬁﬁé 1frt fudlf @S are set forth,

such as specit terira structures, chenicals,

pr duBig ééate etceode latyPr %‘totj@rthetgete gelsridlarca@Randugh

UN @@iiosing el bAgdiQéctricilyR! (BIURAl ak bANScc60RMysI(@05. W th the

present invention. These inplenentations and ot her

I npl ementati ons can be practiced, however, w thout

resor t i Mge mehdrécldat2awviesingpdoinfrige adpl gyte seictufe@ t0nfurther includes:

hergirthing ki oQt ttatctﬁcngf,m@fcﬁ%nd wel |~ known processing

structures have not been’described in detail, in order

notleRoging freale @ateral () oypdedip sreme Gk ust  of t he

present invention. In pract|C|ng t he present

R e s T R
charqctydzed by: ai | s of such technlques have not been set forth

hengh Bruchuf (S@4;21 1. Wil e series of acts have been

descrlbed with regard to Fig 1 and 7, the order of

t hé lgteade %Jé’}foseed ajaeptadst %ﬁde(ﬂf tlt%f‘“ "itrﬁﬁPré % at i ons

C ORSdcsident: (4801 thrnied &jfoéne s @trind kit e ifi BruciMRI(BIOY @lposite the first side;

and NON-dependent acts nmay be inplenented in parallel. 25

No el ement, act, or instruction used in the

de§éWﬂﬁtﬁ%Wf@ﬁwtﬁe%pﬁésénﬁﬂawﬁKﬂ@bt|on shoul d be

construed as critical or essential to the invention

unl_ess explicitly described Al so, as_use
hePei n, Ahghog i febpiae ol in el Pft%ﬁaeao“fh&tor A d-eftst tepfetoar
(MDﬁﬂﬁewomemmmnM@ere only one itemis intended, the term
"o sed. The scope of the
ﬁgnunggflr?étlrtﬂ:tlg@?lb %Qrt?alg] (!;1% u P

i nventiron I's € c ainms and their
eqtfirpias epipmslity gf W@@f&ﬁ%‘sw@otﬂcﬁqﬁ@szeezw HoBE AR
| Srelofih M of Sore Bortios bRk dirdcRte (§105 Fifste a@&taﬁ@ of fins@1110);

met.al - o ide sem uctor fi -effect t Si st or

(VR ot A ERRGHE sPy s B B o ur o

( 31@ning e lastoudrgtificiisai 2d0ire (F280)mverghedinp(linoal i ty of

sidewal | gate structures (410, 420) adjacent the fin

structure (310); and 5 forming a top gate structure

(680) orhe Bhad! dgim Seyhgrehe formipe at ltastfm addifionaigpés SHYSHFRIAR230)
includh: cIa|n11 mhereln the forming a top gate structure

(6%09 i leucpe?ec rlc ma rlaringlgg%irb@aﬁns (ﬂl (?)l egt ric layer (430)

over I n S
dep051t1ng a gate electrode material (1220) on the gate dielectric material (1210).




formng a gate electrode |ayer (440) on the gate
dielectric layer (430), and 10 renoving the gate

wale@umessri ¢ | ayer (430) and the gate el ectr odePCEHYE2004/000966

(440). 3. The nethod of claim2, wherein the formng a
top gate structure (610) further includes: reformng

mater s ol LB B ot AL P oe el PR DG BT

charactefipgd@y:gat e netaI-OX|de sem conduct or fleld ef f ect

t r anf Stk £ Wﬁ@@ET) (200) characterized by: a fin
str3%¥uﬁgk5310) a first gate (410) forned adjacent a

f i radist gieyall gpe Fréurﬂlﬂloéforr{srétaéiﬁ%mem@)he figs $HOBnd gat e
( 42Q)cofdnidaedl gaca SReRRL(1@0SeERN dijaﬁéndamm& ohd & tiel s (1110);

str) ctu osite the fir L S 0 and a top
gar Lt S aaBRRs ot P e Pl el " (310)
amotltm,!t drdcare 1BONfomgd gaitrase drmmoge affghe dihs-(dXKi0H e
seniconductor field-effect transistor (MOSFET) (800),
conprising: formng a fin structure (910) on a
substrate (810); 25 formng a plurality of sidewall
gate structures (1010, 1020) adjacent the fin
structure (910); renoving one or nore portions of the
fin structure (910) to forma plurality of fins
(1110); formng at |east one additional gate
structure (1240) under the fins (1110); and form ng at
| east one additional gate structure (1230) over the
fins (1110). 30 6. The nethod of claim5, wherein the
formng at | east one additional gate structure (1230)
includes: formng a gate dielectric material (1210) on
the fins (1110), and depositing a gate el ectrode
material (1220) on the gate dielectric materia
(1210). 7 WD 2004/068571 PCT/ US2004/ 000966 7. A gate
around met al - oxi de sem conductor field-effect
transi stor (MOSFET) (800) characterized by: a
plurality of fins (1110); a first sidewall gate
structure (1010) forned adjacent one of the fins
(1110); 5 a second sidewall gate structure (1020)
formed adj acent another one of the fins (1110); a top
gate structure (1230) forned on one or nore of the
fins (1110); and a bottom gate structure (1240) forned
under one or nore of the fins (1110). 8



