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TECHNI CAL_FI ELD The present invention relates to seni conductor devices and
met hods.( ~~Wm0ﬁ/@eisl1|rlmgm& Aigonductor 5 devices. The mresei4/obdyent i on
has parti€ular applicabili ty 0 doubl e-gate devices. BACKGROUND ART The
escal ati ng demands f MEHIOPFORSHEEMIYG arith THeN AFIVFERCEVESSHE ated with ultra

| arge scal e i nt egr atHrOMINGSEIMT GO AUOINGEL deMiches: Tretiner siegtgn feat ures,
such as gate | engths, bel ow 100 nanoneters (nm, high reliability and

i ncreased manufacturing throughput. The reduction of design features bel ow
100 nm 10IBEGRICARBEEDt he |imitati ons of conventional methodol ogy. For

exanpl e, when mbﬁeseatnendlce raaettéa t&%mle@lmeen&ew@@ Ahd RbBEE m R Eahrin® ¥ehrt8nductor
sem Cog' dugetvwes tfime n%nveﬁuon Ip%r %1 ara ﬁﬁlgﬁblht)g I\/@%Egatz %el&%i ;gal ed bel ow 100 nm
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addi ti on, BAﬂn®R¢mmyAﬂegradation and a nunber of process issues also make it
dlfflcult to scal nyent 19 .15 incI de |ncrea5|n snaller
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MOSFETS r epabasend inewd shiutehtiasodshat Thad@cche en-sateskaetasy asncandi dat es

for sgcc gﬁh&gthgm%#nggfcmvg&g&hanneFTZTfln doubl e-gate MOSFETs, two gates

may be used to _contro ects. A FinFET is a recent
doubl e- gat e st¥UEEUMe *Prdte e lepe ¢ soryaeralsiter meelranwmicadey igd offer 20
Fi nFET i nednsides®eDsSehmninehbled @lomado dnf p@blbeyabso@ddd vlith Bhort Thaenefdftadticisdsr uct ur e

may be f t t : ; t hose
used f or a%%%%%&%%ﬁ%‘f? LR @, oREAFESR AN BT S li

| npl ement AR Eh&EpBHQ;E Fbwftﬂﬁocfsﬁésuﬁrai-ﬁ% Bl tidihiralh foiserle preRPUEMATETd ol ogy
for fof m ingudaingatseglamehiler 2&ick Feiatans. MG walefide Mructaregardthadfzd bak@\ektged hlgrofd N may
be t hi nnegk1 gRrid i CHRRBE bur k8 QERR sduflng’ €duce the width of the fin in that
regi on of the ‘]&:ﬁ {J]FETE&S%:F% Addi ti onal advant aeges and ot her features of
the invention P24 SRS Y SFAEes TRt YR SRERTER 3 GHOMAEATE R f ol | ows
and in payutcessding bxidjegriame MOHDET e it dobide-tahd&eSFREy ivn gatomaly baussd tsdobtkdishon t he art

fﬁon exarﬁhmaie@é_arﬁok meatileéehme& a@ktrddBY t@exﬁxe@rgasbe%ofrtrc%eﬁ lféﬁavgf‘ actice of
e inve e a nventi o

r eal |§bedr% aelsﬁ‘é alr}orﬁlgﬁfl%?ﬁﬁw quf y%\bg; ‘%ﬁ%ﬁmgﬁf mf‘ysbetfﬁgca%bsgﬁg%ﬂ“ %ﬁdaf ns.
Accor di nng?Ce@SfeHelqmsel@émotiiqwemfpmnvelttﬂqealnﬂ@rﬂe@@‘ﬂﬁ@s and ot her advantages are
achieved in part by a nethod of formng a gate in a FinFET device. The
met hod | %&MI rst dielectric layer over a silicon on

i nsul at or he SO wafer includes a silicon |ayer on an
i nsul ati ng | ay®@plemeprgons sopiseaicitiths repenicpvaries prpiferrieigdodpsy Bsfosningreek andver a
portizn ahintidye thiid FinFET @dvRE tThe €n hayR thinneti€ Mk eghnPIOgidn @Sdued thel A@h &Bheffinr St

di el ec”'lf?ﬂl}t@%’g%oﬁﬁe%%‘ajrhe‘%% | ayer not covered by the resist mask to forma
fin and a d ric cap covering
Additional advantages and other features of the invention will be set forth in part in the description

which follows and in part will become apparent to those having ordinary skill in the art upon examination of
the following or may be learned from the practice of the invention. The advantagessand features of the
30  invention may be realized and obtained as particularly pointed out in the appended claiims.
According to the present invention, the foregoing and other advantages are achieved in part by a
methed of forming a gate in a FinFET device. The method includes depositing a first dielectric layer over a
silicon on insulator (SOI) wafer, where the SOI wafer includes a silicon layer on an insulating layer. The
method also includes forming a resist mask over a portion of the first dielectric layer, etching portions of the
35  first dielectric layer and silicon layer not covered by the resist mask to form a fin and a dielectric cap covering
a top surface of the fin. The method further includes depositing a gate layer over the dielectric cap, depositing
a second dielectric layer over the gate layer, etching the gate layer and second dielectric layer to form a gate

structure, forming sidewall spacers adjacent the gate structure and forming a third dielectric layer over the gate
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a top surface of the fin. The nethod further includes depositing a gate

| ayer over the dielectric cap, depositing a second dielectric |ayer over
the gate layer, etching the gate |layer and second dielectric |ayer to form
a gate st rwigbdeBoz1di0r m ng sidewal | spacers adjacent thgefiaéRosdodddst ure and
formng a third dielectric |ayer over the gate 1 WO 2004/ 093181
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provi ded. The nethod 1 nclu ormn In stracture on an insulating
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clud nni n
seni cafduct or §§§’/ aé‘@“ 8&66’?1 "tffhﬁﬁreﬁmn"é’f“&P“ i} bycpime rFaéE%%’Baéﬂ‘ e skiled ot her
advant age teindt ffogchafeloging fletdilxbdepripoe the bmhodinbrtcshown ahd delyeibaipervideiiakirhtipn

appar ent bfind H&Q &edeskdtén{peed fok Bm'% it cue @ ltwemog Mrife heeJuel it embng,f Qs&@chdo@s%
descri ption. escrib g | ustration of

e
the best Mode " Véouts e%?t%ggﬂmf’%ﬁepér&?grffﬁlﬁﬁ Uy hAeCC‘?r (‘/i"nfhf’ E‘fﬁwmgfﬁlé 9%vention is
capabl e ofegﬁﬁﬁdlaﬁllllémﬂl\'@nsammand\pa!raﬁ wesctighvi ous respects, all wthout
departisng fromthe invention. Accordingly, the drawings are to be regarded
as il lustgatd i . g as restrictive. 15 BRI EF DESCRI PTI ON OF
THE DRAW @é@?@% gglq’{mﬁé)%‘g%&st he attached draw ngs, wherein el enents
havi ng the sanBefr@re B thrptsbed drafimes, yireeei clmentalipvinghr enenerchickentet enent s
t hr OUghOUHes1gEJug1ma3&rdp&seatlikéQ&l&n@@ﬁ)tlgh@ﬂ i|lust ratl ng exerrpl ary I ayers that

may be used f O}Ex% 1951’ agloggse%ﬂxt fllgstrlaurxl% Q @I‘ dﬁa%e{ qhat mayI l:‘e use for ormnég at n in cordanOfe the

present i nventi W? i on 1 ratin ¥ormati on of
a finn Xiaenbadumen hepresent BYEHM ary  enmbodi ment of t he present i nventi on.
Fi g. 2B schenakig calid ayrosd-sedtisi illatr@mg thb@roia@dh of b £ adcortidae: wdh s@Aslugt or devi ce

of Fig. Zég]goggmg{,;ggﬁe ?e”éﬁﬁnve}{‘dohh an exenpl ary enbodi ment of the present
i nventi on. view illustrating the formation of a gate

IS a
structure i n a@% g’? écﬁ?fﬁaécw ’tuI‘Ft%Ff’f thesteprfsivaf e semispnieiiarditice ofFig B ingroadanst

i nvent i onwittRingxemBByiembaineniosse geat ingmtianl | ustrating the gate formation of
Fig. 3A in accgy dﬁncaeop%mm@nu@&e%@ﬁox of ST QLR mac&;daﬁcp@ltkpgn%%%;ary

i nvention. bg%g@ ft cross-section tllustrating the formation of “sidewal |
spacers adj SCBt o l?‘?é’”@eﬁft‘e""%“t"f‘ucture in 30 accordance with an exenpl ary
enbodi nent of Ki&héB prewentctipmilhemdtingthe gate formation of Fig. 3A in accordance with an exemplary

embodiment of the present invention.

Fig. 4 is a cross-section illustrating the formation of sidewall spacers adjacent the gate structure in
30  accordance with an exemplary embodiment of the present invention.
Figs. 5A and 5B are cross-sections illustrating the formation of metal-silicide compound on the
device of Fig. 4 in accordance with an exemplary embodiment of the invention.
Fig. 6 is a cross-section illustrating the formation of a dielectric layer on the device of Fig, 5 in
accordance with an exemplary embodiment of the present invention,
35 Fig. 7A is a cross-section illustrating the planarizing of the dielectric layer on the device of Fig. 6 in
accordance with an exemplary embodiment of the present invention.
Fig. 7B illustrates the removal of a portion of the dummy gate structure in accordance with an
exemplary embodiment of the present invention.

Fig. 8 illustrates the removal of another portion of the dummy gate structure in accordance with an
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Figs. 5A and 5B are cross-sections illustrating the formation of

netal -silicide conpound on the device of Fig. 4 in accordance with an
exenpl ary enbodi nent of the invention. Fig. 6 is a cross-section

il lustrati ngobdgedzegimati on of a dielectric |layer on thepdpusedesd 9. 5 in
accordance with an exenplary enbodi ment of the present invention. 35 Fig.
7A is a cr&d8RySEPIEmo Wh’ir%ffsre‘ét“r"eﬁ‘a"“t he planarizing of the dielectric |ayer
on the devi ce &fz $b gerosBsectivn ilagetrgdandeaingbtthe fam akanp kagiby inewhddtamntan of t he

present i RY&RthQRbodfrleBtof hBorbskd: HS&fi@t €s the renoval of a portion of the
dumy gate structure In accordance with an exenplary enbodi nent of the

present i nvent f§ni0AEagrossEeqtiey fustrating @%fofnl"?@"“roe‘i‘r%ﬁfd’l‘ acerdaag g SHME* B on of the
dummy Jat embtdmeattofithepresent mgmdendance with an 2 WO 2004/ 093181

PCTI US2004/ 009@@910B %)S%R'ke@ﬁ%stﬁm@séﬂﬁ%d&gm ctehaa o@f"gslgﬂgn dMEIRL ki Fig. 9 is
a cross-section i Iustra in he t hi nni ng of inin a channel region in
accor danc EPEH cHprimgye 19 LEMBEd nent  of the present invention. Fig. 10A
isS a cross- secﬁgerltlf’r-llbtmcroast -seqlignstilbugtrafigprtieeforimaion offa gate-glibreunil srugtwe @r dance wit h
an exenpl agYrdanee GFERRAHABBbAiIREN: SR pRERIRBYiol. NVention. Fig. 10Bis a top view
il Iustratr ng the sem conductor device of Fig. 10A in accordance with an
exenpl gry enbodr rrent of t he present invention. Figs. 11A-11D are

cr oss- secBEShNOD RY NG QUISTHEINMEINTION of a gate-all-around structure in
accor dance wi t hhearaetvmgaetﬁsmghwemtft&fmvtxtaen @i@@&&ﬁbtacdoﬂya%%g Rhuingd OrBed MODE
FOR CARRY] I}I cenum er31 xl%]}'}!c\r/en raw. ne, f%l lthOWI Il E]a 1 ﬁ té lﬁl on of the

i nvention'te ? th nl'lﬁ%ﬁwlﬁen drawi s ™ ﬁ%en%e&ﬁ’e t8rehee nunbers
indiffer éﬁtlle@@&qu?géoeﬁwhﬁ"d@hweﬁt}mthéeaéaalmcowofﬁle irivensien ipdefippdtiy ¢ Al so, the
fol | ows ngappdetcadrdlﬁdnae@ceqjumeh@n does not i rrit the i nventi on. Instead, the

scope of the I I Fm%nta%onslconsmtent w{b:l tge b sentt nvena' N pro ﬁe mghecgsc% | actunr ‘% n%EP I r
eCIUI val ent s. tatrons consi i ﬁ resen ﬁtl on pr ovi de

met hods of‘e"f?ﬁsn &TO&?:'EIQFF‘W@&“PII Ay gerevr@e §0rqunn ofs ateﬁﬁlaérrﬁlﬁt %?t’lFeo Fbe a dummy
gate nmay bendyuEedy icRentdvgiahEthefingmy 68 etdedth Rid thel@MihGEthe FlRthe dhaiiEltegabe NBY

be remveﬁleﬁgﬁﬂtcﬂﬁcef h@o;ﬁﬁ%@t&h%ﬁ%&bﬁd@%& t%‘foﬁﬁ?%e tdth of the fin in the

channel region_of terial may then be
deposited to B rhﬂturreteg%rt goss-gagtiquiofy sertwrnrircesterlat 1@9 fOFH"é ingegpedance éf&t fon of a
sem conduetiotimee vf tiepretdinfeotioneRefinmgackio Il damaadusiot deviadl 00 anghiadlideresilicoodn t he

present ' thm kSQﬁ}) smBﬁ;teKalt fnagie; a&tlﬁ&gubst}at«a ﬁ@ q‘bﬁ‘%&‘ Q)H&tle@gr lg@é{th & thande'FPs\é

mcludeash structure | udes a sil
subst r at ™" e‘Ob‘“‘%ii 0%?*3@8128@‘5‘5‘1 1”%@9@?’“ i%“%tﬂﬂ"%ta)@t ]I3P Bﬁhbelf%{?%ir"“i%b@“ate&ﬁo t he
buri ed oxindeonvenienal ii@@r. Buri ed oxi de | ayer 120 and silicon |layer 130 may be

f ormeds on subsfhalxempldy Shplehbhedols ARMERE RPRk20HRY BEide a silicon oxide, such as SO,
and may have a thickness ranging from about 1500 A to about 3000 A. Silicon layer 130 may include

monocrystalline or polycrystalline silicon having a thickness ranging from about 200 A to about 1000 A
Silicon layer 130 is used to form a fin for a FinFET transistor device, as described in more detail below.
In alternative implementations consistent with the present invention, substrate 110 and layer 130 may
30  comprise other semiconducting materials, such as germanium, or combinations of semiconducting materials,
such as silicon-germanium. Buried oxide layer 120 may also include other dielectric materials.

A dielectric layer 140, such as a silicon nitride layer or a silicon oxide layer, may be formed over
silicon Jayer 130 to act as a protective cap during subsequent etching processes. In an exemplary
implementation, dielectric layer 140 may be deposited at a thickness ranging from about 100 A to about 250

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

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

in Fig. 2A. Referring to Fig. 2A, dielectric layer 140 and silicon layer 130 have been etched to form a fin 210
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25 In an exenplary inplenmentation, buried oxide |layer 120 may include a
silicon oxide, such as Si®2, and nay have a thickness ranging from about
1500 A to about 3000 A Silicon layer 130 nmay include nonocrystalline or
pol ycryst alwo ne4ssshgicon havi ng a thickness rangi ng fronp@hestosdddsed t o
about 1000 A.. Silicon | aye 130 is used to forma fin for a FinFET
transi st orroRREpEsdiconthgdie ?ti“tfé?j 'n nore detail below. In alternative
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on buried oxi % nment of the
preserf invent f\Sﬁlecn'ﬂ’}%V e TpAy theh Badenopiteging etCIE’EBtOl f%rmdPﬁc“é’h 18 gdiasert pppestistidet ¢
Cr 0SS- sectinGuy gan 300 4 illu@dtell B Figak Spacab anglaj' ¢oftPrise Adilidon ofidede.g. BRD,) oF a@ther
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phot or esi st mask % a gate structure ma% fornmed on
sem conduldr e &8%??&%1 ftﬁbpf"tﬁ%@’dalé(t“éﬁ%%lf’ﬂ‘ét“é F‘@S*’ﬂ‘f‘?f“tpim&?sf”ﬁﬂ ap ??Jﬂ&ﬁe e
sem conductsonceliainrgend 0 ane§0.-be referred to as a "dummy gate" since this

gate HLormatio nA HRB1 14_9,& sﬁ@mﬁo@ gep@srxtedaov‘]:r%uﬁzgldrtajn @a%,on@ao gRssd, hsl?lﬁgxa‘ceﬂ iy 6a.det ai |

bel ow. In_an er and a prqtective

di el ectri E‘af‘%ﬁ‘?‘@?’ arggﬁp?eﬂ%mﬁ‘”ggﬁﬁgﬁaéﬁ%&f@?y I?Cﬁ‘ﬁgrﬂ(ﬁl %?ﬁ or R FEEY °¢ 8L 140 and
et ched t oddpositeniaa iy ragan&frostabmmfrte abofi2§0 A 3Athenalantegling wizetheni be baristoredt | ng
dumy gat @forx%@gxetall-:sh&de ﬁﬁr 5, a@-uﬁsru@ts@n S80I gamfgfthewmﬁg raguﬁﬁagﬁay ey inaend 00

taken al ong |ine ft or ma 5 1 u ate 300.
Ref erri ngs llr_Lsource/ gm reéllfl)nngZO and ??0 t%%ﬁxametal-s&cf ogrgap%l hyaglN I %Slgr seé(‘im)r phous

silicéh PWU%@metﬁdaymo‘#ﬁw@da t hi ckness rangi ng from about 300 A to
about 1000 A amig adlm'bddtchlayé@mhme ﬁd{)&ﬂ@d 0dd Qi comfdet b d&@ceahpuﬁané%p&yi n a

channel ta%f n ageﬁmc agcr%g%ay ool a3 %aé'thyﬁ) orthDéﬁW p%%% )ecﬁ%gounc{gﬁé{ pae

i ncl ude a ric |con nitride
and may h@p@ltﬁ& tq ehtpxelwppégaggn?géwgq a]a@t 2000 A to 3000 A In alternatwe implementations, other

dielectric materials may be used. The dielectric layer 610 may then be planarized. For example, a chemical-
35  mechanical polishing (CMP) may be performed to planarize the dielectric layer 610 with the upper surface of
dielectric cap 320 and to expose the upper surface of dielectric cap 320, as illustrated in Fig. 7A. The
dielectric cap 320 may then be removed using, for example, a wet etching procedure, as illustrated in Fig. 7B.
In an exemplary implementation, the wet etch may use an acid, such as HsPO,, to remove dielectric cap 320.

During the etching process to remove dielectric cap 320, an upper portion of spacers 410 and dielectric Iayer
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from about 100 A to about 300 A Dielectric layer 320 acts as a protective
cap for silicon layer 310. 20 A dielectric layer may then be deposited and
etched to form spacers 410 adj acent opposite sides of dumy gate 300, as
i Il ustrat edvonodkioggisd. Spacers 410 may conprise a silicpgrp¥dofooddded. .
SiQ2) or another dielectric material. |In an exenplary inplenentation, the
wi dth of $phEanako wpevesssh fhal g wpperstipees slien Brr #Otlbsu’?s@b@ﬂ?( PP ke umBpacer
410 may prsatecd spandald yi tigedrcnay 5O, elilhistregpd RS BRjUENt  processing and
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in Fig. 5A° etheﬁilusélﬁ reasiaattHRidAY? alh’#th’é‘hSélFﬁ“é}fy%th respogs teapolypiispar THEEROKEYcP e ude
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performed, forma metal-silicide |ayer , .
During thé f%fﬁ‘ﬁ‘i%éﬁqhﬁ@mdf‘}%g el af herﬁ(‘ﬁffls raéﬁ%iha%l tPRret Rfarreddq 4s ﬂ%eorﬁceisﬁlos’ﬁﬂ’rbée/ dr ain
regi ons 22Qateridsug3Qdibpdifl@niniager 38t al - sil i ci de conpound, such as Ni Si or

CoSi 2, based 3Q.eR §£tbx%ce@s%ﬁ(§i’sfo‘rﬂme§rther§ﬁg ﬁ!i‘fac!e@t}f@lﬁco% :1]-19 g}%%% oge@gthelé%ﬁel

dlelec I‘ICOI r 610 ma ?e‘f) sited over semconutor devi ce In an
exenpl’ re"iof‘ré SEHERTISET Brce 187 i P Procthan kg gthedd epdprg (he Wit %&%218“%“&°Pﬁéet‘ hyl
ort hosi I i mtoe XoT &@8le, ¢ Brrpoproteandy bravyridoeed taerosthd eidthbiin210 inibe kiness rangi ng

from abo Utreg%g 0 rtdnst @i 0 Qot A thel Banfdl 'fe%&ﬂﬁ& kol\ﬁgg!irgfp te@ﬁ%rﬁ@&nh HdSre c%@ﬁ%yn be
|

di el ectri

pl anari zeg. P%(’)r y&%&ifﬁ'ﬁprﬁ%ﬂgﬁf %"étfon%% SeH’éC(?Wélﬁ‘?rg‘é‘lweﬁ%q ff"é‘}ﬁe‘r‘}@et‘(hé\?ﬁ)‘le Bay be
per f or med desedpprtiprent fiy & 0tidtinndd. el ectric | ayer 610 with the upper surface of
di el easri ¢ caprid2Quuanets b Bp GEPOSEnitRAGHRREk lmﬂfe@tﬁ@e@fng Ak 86 i Co,@RP 320,

oi ng. 7 or el Mok diheq ftfon o B G P RS iy ot PR b F S o8 11
an exenpl & 9V3faHﬁ'ldé’rPé fit HOimenbe f?dh@‘d Weatbové 2tanomratprs (rsw toal§0 am pach reswltrt e gishind3 P04,
t 0 renpve T valtR6tfih R i€ AP chdndil.regiddfide MEetbHi@, 18k s Win P08, Qﬁ)‘iraﬁg@ frérfe BB 80

o boc 0BT A0 ABeAGE BRH0R She AGSL SR, 08 CLRLEEL Ly Yot !
surf ac® ofiddyof finidf mpydspand athe fagiculyy B%Vtcaﬁwsmqngs ans %W&WF'?% swech & thyrppier
surface ofengipacerssoid k. oamdirats @k ead tde® aftcrye@bvabokthe dABmy fate3sd. It @deciria Fi g. 7B.

Silicon | ayesiodddiddBa %4@&9419%&&8&%%9&&?@&%‘ﬁz?l fyated in Fig. 8. For

exanpl e, silicon |ayer usin reactants that have a high
etch sel ecti vi £92{eEwsly gg-qg@gfhe PEReEFRAP fritheghpnneTrpion qapbgs the semigopdugien 5
mat eri al &%¥Qe 109 tdpehigve pOV gdrt Viatraicudtrol. Fmpyiniply, i8 bageiihplesnttidpe itkhORSestiblaany of

the supgr omﬂa eaigmqf ffnl BEH L fss Y BE Sn Ogthl %mg%ﬁ@@%@%ﬁgéﬁ&é gflf@% gggl% gﬁgrﬁlggtess 810

layer 14 i con
is for madVery é%fullt J?’?Véf‘gﬁpﬁr%eﬁs @S‘“ggonv?"rtn‘o‘ﬁltlﬁké’ﬁramr Hl§the‘aW°§f§tf%‘m§1ﬁ iped *space,
referred describs appart eithrresperste F@4 0 andPAymakre it vay diffic@do hahiesursilioenrfalivitiytheli el ectri c

| ayer 610gesifbil @Iﬁautm gat ﬁese;@ﬁleéaon%a&s lh@ﬁrf ﬁb g;ﬁ@umwgaw%o@lﬁm&raiﬁr@%%n&ﬁ
dinthe ¢ sem q‘flfctor devi ce

100, “Fin S0 TR G B CEvRhiEh “Cd P O e T HE it BPY PRSI0 ¢ he
chann&} ?Vé@ing)woceﬁm ditfizeltinn bseqciagad with ttybis &pelbeve seis sthindly uiies hpemm)y fiwd to reduce
the width of fiRddRidH) s1hd3 te Annmb 81 HACH O md’y%gbeﬁ'@r-mef iy b QB 1cQ brodebsknsldd s¥@les I N t he
channel rc%gil Qﬂ) may ge SmMoOo e(r: gr{dgx{’ogalugfol;xg gllanotpose ac%eveg using %ogre?‘prhyg alc?n?:v I’eseecslmg) er

side surfaces of fin 210 may improve carrier mobility of the vertically-oriented channels of semiconductor

device 100.

35 A metal layer 1010 may then be deposited to fill the gate recess 810, as illustrated in Fig. 10A. Fig.

10A is a cross-section taken along line CC in Fig. 9. The metal material may comprise tungsten (W), tantalum
(Ta), titanium (Ti), nickel (Ni), TaSiN, TaN, or some other metal, and may be deposited to a thickness ranging
from about 200 A to about 1000 A. Semiconducting materials, such as silicon or germanium may also be used

as the gate material. The metal layer 1010 may be polished so that the metal is substantially planar with the
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dielectric layer 610, which prevents those portions of sem conductor device
100 from being etched while the desired portion of fin 210 is thinned. 15
Fig. 9 illustrates a top view of sem conductor device 100 after the

et chi ng. Ratlerz(rok/ugmlo Fig. 9, the dotted |ines illustrpteusleddisnned

portion of fin annel. re [ In an exenpl ary inpl ementati on,

t he over al'PPShi't CﬁOfc??ac‘?r? ‘P}%’Z‘igl ‘Bé‘ggggﬂ@@(‘]o%&‘ﬁﬁﬁﬁﬁ 156 ﬂi‘/l‘%fﬁﬁﬁ’éfléaf”?l (nn) to
100 nm as regimeEfin210.0f the etching. The width of fin 210 in the channel
region after t IF% RbGhidgs atloﬁ-tlﬁzl' &he BnidMduBtorfab e 18 coﬁ@s)éntr\@tﬂgx@prtagexqmvéllﬁ&yt 30

A to about 500 A mentati.on of the pres nventi on.
It shoul d agé%u Mits [F‘aéetnﬁlgamﬁ?fab[np"tdﬁ%cglfé) n‘@n"%’faﬁ“&‘&? ﬁﬁ“ﬁoﬁeﬂ’ﬁgf‘ D eﬁ‘ﬁe A the
parti cdl arinctidssip denble-grestramrewithssat hel0 beitealispqeeiron pitesids of fmlth Tasshidadargaine

| engt h.  ArrgaiclBkrdseit tEd r%tal—ghdxcleh#&tﬁ@ﬁ)ﬁﬁd &vl@x%otg@ﬁd?mnrr@gq&@@O@ftdtZ@@ dMBNalay Of the
dumy gate ?u acers 410 are not

shown in Fi g, o @atfgl reCtrg(%er%ToimS?t’t vsua}fggsagﬁ? 5&‘3&8‘%[5]8? n gﬁmﬁ‘?\ffﬁf@ dehe Gt of fin
210 in théowhﬁwﬁémon{aéglpmafenh@b@@ortmén%’émom@ﬁdd@tomomdm gae 100D to achi eve
good short chamRaburéRbid&dions ﬁ@rand@g@-ﬂ@l 1R bd d’épeﬁofﬂ% eiamglla %Qﬁ:@t)?ﬂ—t&&% uths nmay be
desir a1l8' e m82§61 Olgntetcihesource%rmnr I, &28 ndEZ%O "I%e arth 1 1 tat1 c}o ages and eger eso the
gate, ‘such e85 than FE"F 255 abe “t'én ??{1 Preoes \‘1/1 ¥ cul t
to achi evé® Eﬂ?é‘?fl b@ﬁﬁi mf@tperrﬂsulqa Sfldr‘ilg‘“f@@qumqtso Rag of IOlldtan) efrilip khjs. art IWnulé)'{?ehélp towor ds,
formng f Ioﬂnﬂib@ne&@rceﬂ@ﬁ&ﬁﬂléﬁﬁdon@hﬁééﬁbaﬂﬁ'blhthé‘ &Slﬂﬁé\thrénﬁntg !mg§uch gtepaﬁl‘éjnczA nﬁkes it

very diff 'dﬁHéSEd toRin BC I?de I\llo?to%mﬁ\h/ S?lg‘g] th%!_hirdst\,\%tgnf o desen?mventxotnl E%ﬁ@xspace{s 4&0 al dth

The present Invention forms he manne.r
descri bed °onBBREchedesefion plehe spispistaingunctinas WWn@atuensa fin 31R fnrile chaneel fepipn  Thi s
resul tis i trod bel@Sinplakel yithaipluoias. btivationbrintngdhhy @ ObeGeri@midtOLeBRIHY

di fficul tigs.a5506Abss.Whih trying to achieve such a thin fin using
I|thograprs1y§one%0 %M?tlon since the thinning of fin 210 may be

perforned usi n&heéesv%&g S@P‘éﬂﬁd‘ﬁf"b‘i%‘%‘fswo Upraated ipie J0B Fadedle-spe deP”i"enW‘Q‘F@‘e MY be
shoot her anehdinpever finAld. ¢ swmt haplemtdioise caikibne wittthd tBdsenginbdntida e sapibynd@topne.

These Sm@évﬂ@ﬁoo ﬂﬁxth{%d ﬁlﬁgf ﬁﬁ%y@i 1Innﬁed2%9fopa¥mﬁlﬂp£h9 SR bS] pdiBRls| 1 ty of

t he v m y-orie gnne s of sem conduct or evi ce % § A net al
| ayer VO FRE 80%16 &g LY 9 i t el it mrlpaupia, eéﬂfewaﬂwd

illust r at elsicatly fpagated BOA malrbgyformed Gkithes side of firgd 8- Seicaieomayt ta keprrately bimgd f i ne CC

in Fig. 9aurmtg@)eﬁe&@%semrﬁﬁat@hev@@yoocormrIse tungsten (W, tantalum (Ta)
titanium (Ti),

deposited to anquI aﬁcoédéme %’%?ht ?Iﬁedem F‘V"‘B‘r‘ﬂna"’o‘%ﬂ’? gﬁ@gmﬂmf ‘Z‘?V‘é“o‘f)%fmeifmﬁa %‘“%n
Semi conduétthersbanppbregipr o the FinBHjicdgviges Thd reshltiuprstresturepaliibigpad shortaljenizl wbavioe Iused  as

t he gate naliex, H@betalﬂit@reﬂ[ﬁ&s%hte 1‘6@5(@156 ah@HBia R )5' Bt &Qﬂrbtﬁéﬁﬁgss&ﬁteﬁ Bat polyaigconet al

is substa anar. W t /093181 PCTI 009669 upper
surface o gtéss S‘glg rres;%nt Ax&f&xﬁxon can Qlfol bee éy 1{1t%gaa%eg 1nt<1._convent1fE’aAserru|cHn uc or(i)a{bmat nI nes in

Fi g. 10A PPi¢¥€rate the channel region of f| n 210. Fig. 10Billustrates a
top view of the sem conduct or devi ce 100 consistent with the present

invention after the gate Q&Sﬁé eposi ted and pl anari zed.
ma(g VI ce %’8%@%% nc qu

As illustrated, sem conductor dés a doubl e-gate structure
with gate 1010MBEFAELUMmEHOLa PEHnEIERER ° §dl-asing YASEETgnay Trfemshdied ar eas
in FBY. 4&Bbpe Epriesantratehiecraiicalons vibw claderFEByeite HAOME oxi®Rea RvieT oxide

source/dr ﬁ&e’?l 4! @ﬂl‘n%@ Bn gsg%trﬁgl got%fr)b%) \sﬁta%n }&3 Q)rlﬁé%)(hereon. A dry etch process may be

performed to etch a portion of buried oxide layer 1110, as illustrated in Fig. 11B. During the etching, a

portion of buried oxide layer 1110 located below fin 1120 may be removed. In other words, the etching may
laterally undercut a portion of buried oxide layer 1110 located below fin 1120, indicated by areas 1130 in Fig.
35  11B.
A second etch, such as a wet etch, may then be performed to etch the remaining portion of buried
oxide layer 1110 located below fin 1120, as illustrated in Fig. 11C. The wet etch may laterally undercut the
portion of buried oxide layer 1110 located below fin 1120, effectively suspending the fin 1120 over buried
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include a gate el ectrode or contact, illustrated as gate el ectrode 1012 in
Fig. 10B, fornmed at one end of gate 1010. In addition, a second gate

el ectrode/ contact may be fornmed at the opposite end of gate 1010. The

sour ce/ dr aiwo b@goems 220 and 230 may then be doped. Forpeyasibmoodds t ype or
p-type inpurities 10 may be inplanted in source/drain regions 220 and 230.
The parti PP 1A ke %{‘E“?"ﬁ‘ﬁeg&’és fodia 1z dousey e cprpgetedthaqdierroftian oblised on
t he parti d0doalrat safokmedan baded bEabyeelTBIHnG are Eneected o O ehurRakind dskirdglond (btt hi s art
woul d be gll;g,lwg to optimze the source/drain inplantation process based on
the circuit gﬁl renents and such steps are not disclosed herein in order
not to unduly 615&eeHds leyrdl40meay den bsformedeon Hy expasd supfpreenifip 530 ailEdied) it Figpacer s
410 ai d i niD.coguterlayb:d 1l 50gna then Hedemtiledovetn 1 iveasdbueendial ID. [Thrpet lagmg15Dy

shi el di 9 ROLELARS: B b 2 ek i GLERNELGRGLAD 1A i AMALI N9 [ P! ant cd
Wlthl UI’ItI(E,‘(il&P CtlvatIOI’l annea ormed, to activate the

sour ce/ dr & HCPEGrgREce I 58 sé’rﬁﬂteﬁléﬂ"““fﬁ’éFFrTe‘%‘ﬁ‘Igf‘? ’i‘iﬁer@’esﬁ“if?ilﬁ‘ﬁ’éfd‘&ﬁﬂr‘“ Behmed 100
i || ustr at esdion pf sbnigpndud0Bieviee 1400doubl e- gat e device with gate 1010 extending

over fin 210 knrzhe%s;w’eusldggpﬂlp%g NualhQ @gwﬁ@&ahssa;e%atforw Juéh & tb@mﬁrn%ﬁm
i nventl on, sem gon uct or dEVI ce 100 strated

in
pl anar! zeﬁ““cwe%ldﬂﬂc B REITFFectc-d RS MiPEyide ?T@?fﬁ‘ﬁh?r@%ffta"ﬁﬁﬁ PfsﬂPﬁP?f’éﬁntz‘b"eft@R/P) to
renove t héloport thaomesot ingate cmw eractit@hvathabosoging forthe2deCific derpilt daf ferth herein. In

i mpl enent amr%mncesl Gilkhd v deéés@mumpéame GRbdel d38PANRILE, iatesc Ry be forned
on either si ates may be separately bi ased during

operation"§ Cessamq Obﬁcﬁﬁd}?g}’ﬁ“Ogg\/f’r(?%mi’ﬁﬁm“rhus in accordance with the present
invention, a dW@Ieéctg%éCOﬁﬁWﬁEﬁMEW@emrgfaﬂWmﬁe_ehmmonducta devide i abdorflance n t he
channak r egh @&p@ént le&tdﬁ'cﬁlﬁvg&p@ﬁt‘é& @y%onvmenar@wlklsd tagm@teg Lm;axgr@legxhl bits good

hort ch )
shor chan n&hﬁponrgechn&gles Sufh as v el()lll e)fpes otf b%gﬁ)fesses Hl‘é:"luc? n res re &Hﬁﬁ&% ?@Saﬁcf i con

resi stance I'on pr ass C|a

gat es. Th@hwﬁs%ﬁ@?m)émﬁeéﬁplwﬁ al so be easily integr at ed into
conventi onal semipeeadueliorf is hipbsabe ﬁlﬁh&&fhmﬂi&ﬁﬁﬁg&ﬁ tidugle- g4l dalfafco ka2 ¥ind
%EI:E)EI'NE ar cqlaglpﬁﬁ%-ﬁ‘%g c‘gé \g;glgiteﬁg}qzatuf gf IE(S 1?11% a%ri]% Acgwn?llﬁa éresglggnvgm&ag a%pl% dle ar ound
cr oss 8 ectoiRsAgmatipn ehmott Vaawlrﬁ tEEf Sf&ww@etorfims prgdence. detpily Bavg noa beswyset ferp ipxi de

| ayer 1116dérarav@diobsdirigg tsulysd sfalie@refenGiivetionvim prasticibfith@présem inkREh, dobvenmtdal

t her eon. éhoghﬁﬂog%ﬁpangc 0 :l‘r:y%t‘x, ¥s apeeempfged LS ll;gﬁ(g tﬁe%eﬁﬁs%?su@h %&Ede%v@rtot buried

oxide layer 1110, as . illustra During the etchin

portion oPeehiftPukhersipinsial aEg}éf?dmf& - Fyilq ad&%?f %fd’f"ﬁ%ﬁebw ﬁofﬂﬁngf‘iez@mfﬁag}mis G%Vlé%ved
I n ot her Wierlds hasbdeedesdribdti ingrowidle undesstoed tadt khy oderdethCubcesdespay be vaupd df othour i ed

oxi de gk aygfrpleaaé&aqmls%@gt&x@iw&ﬁhpg%.smBVCLJO%O i ndi cated by areas 1130 in Fig.
35 11B. A secogé?etc such erforned t etch

the remaini ng BaIFIBAC ‘fmeB'u?"f 8’&)‘“”5‘3??’6‘@@ 1&?}%‘?“%&‘1"6 F‘B%Pé?s SPRUPERIOP P 120,
as il 1 ust eoastwed ap eritifal o essdntial to tidnig vopron udése explivitly dbseribed @lshoy. Hisd esrugadthertiyghe
portion oiru&w-la' I ©6lte£A%A 1€ Sichi @RS or bk GierhO G R AnPele QY fs ifendeh AR terBlvdRCH:1 Vel Y
suspendi ng | Il % fégs%le 0 over buried 6 WD 2004/093181 PCT/ US2004/ 009669
oxi de | ayer 118K “the channel region. The fin 1120, however, remains
conneéfed to t@géytmm@qrref)gﬂ:{oﬁ@qgs of fhe fnveytion and a few examples of its versatility are shown and

described in the present disclosure. It is to be understood that the invention is capable of use in various other

combinations and environments and is capable of modifications within the scope of the inventive concept as

expressed herein.



TN 0 and are connected to th&!
source and drain regions (not shown). A gate oxide |ayer 1140 may then b
formed on the exposed surfaces of fin 1120, as illustrated in Fig. 5 1 ID.
A gate layer 1150 may then be deposited over fin 1120, as illustrated in
Fig. 11D. The gate layer 1150 may surround the fin 1120 in the channel

regi on of the sem conductor device 1100. The resulting sem conductor device
1100 is a gate-all-around FinFET with gate material surrounding the fin in
the channel riegPef sem conductor device 1100. In the previous
descriptions, nunerous specific details are set forth, such as specific
materials, 10 structures, chem cals, processes, etc., in order to provide a
t hor ough underist andh nptiafd dffermpingsegdte imy €ntFildhdeviddoWe)e comphisingr esent

i nvention can be practi.ced wthgut resorti to the, specific. detg]ls se
forth herein I'n  GEREHONHS PAHCISCCHENRYIEH AN PobE SUCPRGNIPT RO (SO ThipEer
not beenzdescry | [ ; i ure the

t hrust of the tpﬁéﬁggle{ﬁtafe?%%hhslgﬁq %‘gﬁ{dllagﬁie((l}@l %M%%ggéﬁﬁjg#{/@%yer s used
i n manuf acturi ng a femmnganekisttroaskdéS0revdr a pactior dfthe éirst heledtiib laywr (pA8xent

[ ti be d ited b ti | d it t echpi . FE
exampl e, etal | | 2&GE PUERR? qhels, et cliag gy (L4 ks ool (aas ses,

i ncluding | owepyee&d %{y%@@sfsl—%@(l@@fl to GBARNE ¢t M) (REVP)diQ8&REcap (140)
enpl oyed. The present invention is applicable in the manufacturing of

doubl e- gat e seonecingatop curfamifobes finar(@10particul arly in Fi nFET devices with
desi gn atures of .,100.nm an el o he present .i.nventian is applicable
20 to the formati ofleRPILRLA BY e\?%?'refmo-gtoﬁlg eéj?qu%ﬂf&%gl?@?’or devi ces, and
hence, details havgepRitiddaesecond dietsduic ldye0(32€) oVé thy gitd 18RS €310)NY t he
thrust of the present invention. In practicing the present inventjon,

conventional phot eichingdge gaa tayemn® 16 ari gcenst Aisleglitsslayee (320) 1te fogmap gate
hence, the de 'chﬁ,e?g%?uch t echni ques have not been set forth herein in
detail. In addition, ile a series of processes for formng the

seni conduct or devi foemirig siféwall ipH8etsa@ 1 Dpadjachas thei dagzistnicturs {300 be
understood that thg otder .of, th rocess ma e varied in . 25

i npl ement ati ons co %%%M‘%lﬁﬁfﬁ‘_éﬂﬁ?’%rséi?) ?%&ﬁ#‘&ﬁhi%‘%ﬁgﬁp%n no

el ement, act, or hﬂﬁﬁdﬁ%g%mdiaew@_ ROSE (61| BNexifost NE télF 88EMALe of the
application should be construed as critical or essential to the invention
unl ess expl i ceeond diglestricdaper{(328lich. Al so, as used herein, the article "a"
is intended to in i'&g&‘ r i WeQ6e | 319)iAke0 g8,
the term "one" orqjeg{lé)% reﬁgﬁéﬁgggglefcgﬁ?gg}%}gg) yet e S&ef rrgdﬂ Q
enbodi nent s ehuttees (390&Nnti on and a few exanples of its versatility are

h d d ibed.in th di scl dtois t . t t
the | nvbntion i s GapiBE ek Lo FksERRa S BrRunne st ind Fisiatd, e (20
envi ronnent s zaddhd gateARAR!(810Y, téRsbivkct Gakiden 5f el i g_nd)ﬁ/.é aGhasnélfregt of the

inventive concept as expressed herein. 7 0475-9 Al
j semiconductor device (100); and

10701 Fab YA med on buri ed” oxi deVHMRE

depositing a gate material (1010) to replace the removed gate layer (310).

25 2. The method of claim 1, further comprising:
forming a source region (220) on the insulating layer (120) adjacent a first end
of the fin (210); _
forming a drain region (230) on the insulating layer (120) adjacent a second
end of the fin (210). '
30
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1. AWthod 8F Hor ni ng a gate in a Fintef~§&Wde (100), conprising: Us
depositing a first dielectric |ayer (140) over a silicon on insulator (SOD
wafer, 5 the SO wafer conprising a silicon layer (130) on an insulating

| ayer (120); formng a resist mask (150) over a portion of the first
dielectric layer (140); <etching portions of the first dielectric |ayer
(140) and silicon layer (130) not covered by the resist mask (150) to form
a fin (210) and,a di t Ll . overing a top surface of the fin
(210); 10 depos?’ti ng?%g§§@£%|Oﬁ%‘ﬁlé%ﬂ‘%fe‘?mﬁ%“%i el ectric cap (140);
depositing a second dépisRiniral BelaByF0) 69&0the Qv@te bt daat RelAy 2 0/336), and
etching the gate layer (310) and second dielectric layer (320) to forma
gate structure (3003nneplrgrihegsesiigendaciorsisaiver(d 00upolonadj merhsilichde gatgpound
structure (300), rmng a third diel ectr yer (610) over the FinFET
devi ce (100); (ggén%‘jre?g?ens %ﬁ?eantwh rﬁglgpégjrog%i(ﬁayer (610) to expose a top
surface of§ the second dielectric layer (320); renoving the second
dielectric layer (320) and the gate layer (310) in the gate structure
(300); 20 etchidag t hehef ingthpd Kd)anysunssefopleints & &0 Bewbereingthe henedogrille gate layer
dielectric lay 32 and .th ate.la 310 tg reduce a, wi.dth of .the
fin (210) in a‘?%h@ﬁf%@?*d?se%}%ﬂg??g%m lays%ﬁ]c(gr’ﬂﬁ a&&ﬂb@?e@a%bwgmw etch
depositing a gatlectifiyefirahe @Rl AYet B 109REREGe thehd B0 IRIe @ Ry 40) 3d@)the
25 2. The method of claim]l, further conprising: formng a source region
(220) on the isslgrallispecersffdP).(120) adjacent a first end of the fm (210);
formng ggdrain region (230) on the insulating layer (120) adjacent a
second end of the fin (210). 30 8 AMENDED SHEET 2 6-'0 -2 U 4-7 3. The
met hod of claifn 2, Mhethethod @fpamiyséomygof dipasilt ing, awhewimkhe( &dihgoherfih (210)
source and drain re%ilsons § 20/@%@? anneal i ng the sem conductor device
(100) to form TR -‘%qtlecilfxlfe % (520) over the source and drain
regi ons (220/230). 5

6. The method of any one of claims 1 to 5, wherein the etching the fin (210)
15 reduces the width of the fin (210) in the channel region by an amount ranging from
about 20nm to about 100nm.

7. The method of any one of claims 1 to 6, wherein the depositing a gate material
(1010) comprises depositing at least one of W, Ti, Ni, Ta, TaN and TaSiN.

20
8. The method of any one of claims 1 to 7, further comprising planarising the

gate material (1010) to form at least one gate electrode (1012).

9. The method of any one of claims 1 to 8, further comprising planarising the
25 gate material (1010) such that the gate material (1010) is substantially planar with
upper surfaces of the sidewall spacers (410).
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4. The nmethod of any one of clains 1 to 3, wherein the renoving the gate

| ayer (310) includes etching the gate |ayer (310) using an etch chem stry
having a high etch selectivity for the gate layer (310) relative to the
first dielectric layer (140) and the sidewall spacers (410). 10 5. The
met hod of any op{: of 8' ﬁims to 4, wherein the etching the fin (210)
conpri ses wdt etcHethgdehmappigciusingp sergiconductoredenise. the mefpdsaBPEFing ai ns 1
to 5, wherein tWﬁgQiﬁ'ﬁ%trhagrefcirpan(i%&ﬁﬁting]i deduces the width of the fin

y

(210) in the channel "region an anount Tanging from about 20nmto about
100nm 7. The mé¢rong efureaandaiiainoégichsai s 1 to 6, wherein the depositing a

gate materi al 1010) conprises depositing at |east one of W Ti, N, Ta,
TaN and TaSi N. W%?tQ%W&%Pﬁ@Hag‘?‘%éﬁV flH‘ne of claims 1 to 7, further

conpri sing pl an?ﬁﬂte?hi'ﬁ% ah88tchBdliRe FRS Rfatcdial 1AL bR HQEMAonlfifHe @0 gate
el ectrode (1012). 9. The nethod of any one of clainms 1 to 8, furtgner
conpri si nggpfeanmderiadi ng the 25 gate material (1010) such that the gate

mat erial (1010) .| S..Subst i all | anar with r. surfaces of the

si dewal | spacerg&?\ﬁ%s&e&%}@ﬁ%@ e%ﬁ!ﬁﬁefmfﬁr.‘d%?%ﬁ%& of manufacturing a
seni conduct or  dplhg€zing the diEEhHE 15eMBrekpbdRe: top kAtiledd iR datdstifchidgt ure on an
insul ating layer; formng source and drain regions; depositing a gate

material over tFENiRg thsgeteanaiprn inHyg satectiugiyre wefognraciratcdraret to forma
gate structure ﬁegﬁpﬁlgrsa' vggtht cnﬁhe ﬁ?ﬁr?a PRLGEY r@%iﬁgfo? (Y sglglgc%ngﬁci%re&ekfgcltecaﬁaa yer

over the sem conduct evi ce; planarizing direl'ectric T'ayer to expose a
top surface of tisympe mitaluatthy @ress¢dearoni Nng the gate material in the gate
structure to forma recessed area; reducing a width of the finin a

channel region of the sem conductor device; and depositing a netal in the

recessed arga. He meliRdWehad 107 0hd! Bodfisi HIkDeineUPHIRI N0 Pl anari zi ng

a. 1
the nmetal. 12. The nethod of claim 10 or erel e reducing the width
of the fin includes etching the fin to reduce the width of the fin in the

channel r €g on J?P{e BTy Qfaingqa v rl‘?, Wlflerrgi?tl?eb% ;[lcirzlg thrérrv]vitd% gfqge Hrrln includes
etching the fin to reduce the width of the fin in the channel region by an amount ranging

from about 20 nm to 100 nm.

13, The method of claim 12, wherein the etching the fin includes etching the fin

using an acid.

14, The method of any one of claims 10 to 13, wherein the dielectric layer comprises

a tetraethyl orthosilicate (TEOS) material.

15. The method of any one of claims 10 to 14, wherein the gate material comprises
silicon and the removing the gate material comprises:
etching the gate material using an etch chemistry having a high etch selectivity

with respect to silicon.

16. A method of manufacturing a semiconductor device, the method comprising:
forming a fin structure on an insulating layer, the fin structure comprising a
conductive fin;

forming source and drain regions;
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13. The method of claim 12, wherein the etching the fin includes etching
the fin wusing an acid. 14. The nethod of any one of clains 10 to 13,
wherein the dielectric |ayer conprises a tetraethyl orthosilicate (TEQCS)
material. 15. The nethod of any one of clains 10 to 14, wherein the gate
material conprises. silicon and the renoving the gate material conprises:
etching the gat &THRSR Bale oye the fiastraetere: cheri stry having a hi gh etch
selectivity W iinfigSPRicchR B8 e nicniRidafRE, mnuUfacturing a

sem conduct or device, the net od conpri si ng: ormng a fin structure on an
i nsul ati ng | ayeplanatiwng ihe d¢lectrdt layer waxposesd g sarfaccafdhecgdtere fin; form ng

source and drain r |o&ls; 10 formng a gate over the fin structure; formng
a dielectric | aVé‘?o"g% AL 18 SHRAOhTFGESEt @8&vi ce;  pl anari zi ng t he

di el ectric |ayethiifinS%RAgH & theitn Y {iRGReIAEaibRST BREmicohITN dgjckmdgat e to
Ccreate a recessed area; thinning a wdth of"the fin 1n a channel region of
t he seni conduct depodigingaenectahid theleeoessed ameg. a metal in the recessed area. 17.
The nethod of claim 16, further conprising: planarizing the netal to form
at |least one gate electrode. 18. The nethod of claim 16 or 17, wherein the
thinning the W théinRthddsf cfdif 16CAMNe S@8prised: pBinehring theBethl ©8-fokPat The

met hod of any one of clains 16 to 18, further conprisSing: depositing a

net al over leaffens gatecdecsriode.dr ai n regi ons; and anneal i ng the seni conduct or
device to forma netal -silicide conpound over the source and drain
regions. 20. The nethod of any one of clains 16 to 19, wherein the netal
conprises &8. | edk¢ metnd dfcldimngsiren, whértmnheé Mintihg Kelwidtdbfttadfial um 21, The
nmet hod of any one of clainms 16 to 20, wherein the thinning the width of the
fin conpri SYBPHSEHFHG MLt f®. by an anount ranging from 20 nmto 100 nm
11

19.  The method of any one of claims 16 to 18, further comprising:
depositing a metal over the source and drain regions; and
annealing the semiconductor device to form a metal-silicide compound over the

source and drain regions.

20.  The method of any one of claims 16 to 19, wherein the metal comprises at least

one of tungsten, titanium, nickel and tantalum.

21. The method of any one of claims 16 to 20, wherein the thinning the width of the

fin comprises reducing the fin by an amount ranging from 20 nm to 100 nm.
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