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SI LI CON GATE LAYER FOR CHEM CAL NMECHANI CAL PCLI SHI NG
WERWNMARIIZATI ON TECHNI CAL FI ELD 5 The present i POBOR20041017725

rel ates to sem conductor devices and met hods of

gﬁ&%féaﬁﬁ{ %?i%c%%” ]%Y R Eé%%%{«ﬁ ok 1@? POLISHING

as particular ap
evl ces. CKGROUND ART The escal ati ng demands for
hi gh density and perfornmance associated with ultra
I ar ge scal e i nt egr at i omECHMICAEFELDNduUct or devi ces
b e A e N L A e b e
devwma o raeseny qumgort Has w@iﬂb{ﬂpphcﬁmléy Foeié't‘.hlﬁtga@rﬁi%‘fes ‘desi gn
features bel ow 100 nm challenges the |imtations of
conventi onal nethodol o [ | e, when the gate
| engt h of conventi onal%@m@@ oxi de
S eTheeeattigtdanantis fof ldglafehdy tnd perf@naicsisorigted MOSHETIgRe fcale integration
sennc%ﬁ(ﬁctgrddlega% %ﬁﬁl&%@méﬁrﬁ tlﬁ)crs %Qéh%%at@&%%@ 'b@lt)@‘iO(y\ﬂaﬁchne&m hih), high

suc excessi ve egg ‘f
reliabjlityeang ingreesest wfaeﬁra}gﬁhm%é% n’%le Feflectiend fl?fg%tn;’?eath“r ¥ Opet“o
challéd¥& it R atiohs bf a&iﬂézﬁlbxﬁnmetmabib@ ty degradation and a

nupber o progess '
Eb §Xaéné’ Ve nf1 o) ﬁa f Rf?%%sé %rﬁlgnam%% Ih%ael g%“g{:gf %gé%dﬁ&& freld effect
ansigm I VIQFFTTV sceled el IR, PRIl E Bt ¥ith X B! f‘é‘i%es such as
excesglbeelgﬁ(fiéérb&w@%'tﬁ&goﬁ&&h@ﬁlﬁiﬂ bE&)rrﬂe mafe@‘ibgly dfffchit pegvhrosnim Mcaldition,

ow further evi ce SC
o GLBRE MM BT BT S PRl Hay s DA e Yo Bl 0 SEETs o
includediinthagiapyenaliep devic@ Geaices.cRetierige sxétuesi appcfhantfern hqmgmm improve

FET eqlfoﬁrgi}ﬁ%'e@d alle?ﬁﬁ’tﬁgrtd%qce s%n%oum e-gate MOSFETs of f er
ter characteristics than the cogventl

Si iDP'é%frﬁ IOEPSERLs rerrsU e HYFETRIRIATS dgP s %r%d ¥ ﬁ%ngﬁ%tﬁsef o
succed @ dxBting@ahe MIRGEET Th sseral rgpdce, tel dodtle-peeMOPFEFo pifer bitidie s

characterlsiﬁcs 5 Ia% 1 %%g%gﬁrﬂ?sﬁhc%#ﬁ@sﬁ@ﬂsh&& iDPSvEhHS afts bécﬁhse the double-

onvent | ona Vihen there are ates, the
gate MpéEETrfla&a gefeestegirogie anbodt sidgs phherchandgrafhen thla%o E{ntogg side as in
conv&ﬁ&ﬁm@SIFETfs rwmntthbee ﬁ@wb (gaesetmeleletfnctﬁble g@laare 8y the dhig B better screened

from gle §? c%ter? c§ e ch li]t Also t Aax COtl'lml(I: Igfﬂyc’ tM}é%@mﬁéﬁ [u?éﬂl: as@ingle

e Tesult In a stronger swtching
gate,sﬂs'gtmlmasﬁtOFgemﬁEmn@@alr ecent doubl e-gate structure

t hatp@ehidl it Snaoak- g%l%@{rﬁctusehaen &elbltb@b@mbﬁ Ehani ehaVicE TA FinFET
incl Udeii"a channe])

incge LR BT ST AT St 00 " Dol E yopt and process
techniijuescssir to theghusiddforesnvsitividl planat MOSHBIs e used for

conventional planar MOSFETs. 30 SUWMMARY OF THE

| NVENTI ON | npl enment at i ons consi ith the present

i nvention provide Wﬁ%ﬁ%@# havi ng a dual

poliySéthdnGadas bayigent @itethe prsentgabeiompredde dmtiblé-giq M@FFE daving a dual

nhance | £:8ea TRED 22k £2hnaRRIchetiaNGechdd¥Dpotishing (CMP)

P°lysg{r°8fﬂ‘2‘1¥ef %Va{lrlg{)%a?%fea{ﬁﬁ gllg g%ijys%l a?cg n e I npl ément at i on
planagigation efttieerpplysiliaoh t he i nventi on provi des a net hod of

”ar@ﬁg ﬁxﬁﬁeﬁkﬂltﬂgn 601}315&1& Qith 6:0 hEldhGbrDroviteyd @@bhod bhmaruittudrg a

serm(foagt}ﬁoh%vge glglfz glet%% 1}1?'1115{1 ut?)}en{lrllj Cat ft%l sg C neeoggn kn@ﬁzﬂ!)r%hcp{ona{%ja gate
structureepvériatleast apouion pthefindstrac tyyosntl p GWJ@fOf th @541ﬁ§ ullhg ggfe struppyge includes a

first ?etr Qndsatsch&itlﬁretefohﬁB@ lrdl s fifde 1a3fek e mktﬁ&ﬁﬁrtk@ﬂiﬁcl&ieSﬁﬁﬁfbﬁﬂng the gate
ayer formed over the first

strucf %y@aggnuﬁg aa%?qc%ll [P'F@ aenﬁ@ p@lgtngg %éﬁP) of tll;]e ga{TE trucglre fI'He plananzatlon rate

of the first layer of the gate structure may be slower than that of the second layer of the gate structure. The

planarization continues until the first layer is exposed in an area over the fin.
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structure by performing a chenical - mechani cal
polishing (CWMP) of the gate structure. The
w@b@aariiaati on rate of the first |ayer of thePQHUS2004/017725
structure may be slower than that of the second | ayer
of AhhiergatieplshanutinsesisteTitveth4i® ipkrioaisidzatel o seoerdpaias gevice. The
devicl Db tudies b RS sefubifi? borh @Y KEr ah Sus@HRO TR Budfe BERRs AYGHd debfid ends. A
ovic it § Bl Forh BNy o B BROBEb) flacll B B ternat o
least p mﬂlfelr?é‘ﬁf it Uegpiure atis & ehaptel iRjteerpipradyCiy dYics ofp qriprphous silicon layer
is forﬂlb(f St £Bast Ppich @fﬂl&ﬁkﬂdﬁﬂ&ﬁr@ I A geysilic6n layEhie fotk@adi aG@nd at least the portion
of thef a[n}?rpg?q%fﬂg%&fla{ézgr ‘;[‘ d) eps Olfslmﬁls qag/gr Cp?é’&%ﬁes%ouéﬁ]%ykcﬂgﬁﬂfcon Jﬁ?m an area
over the fis $trugtup.0A s¢ugne ragfon istrenskgted te the firstand ef thecfingirgpsirgy Ac#raip Freion is
connéc%dmﬁ‘e é&ﬂa&ﬁ%@lﬁ&&ﬁ@;&ua@w ce. An anorphous silicon
layer 1s forned over at |least a portion of the fin
structure. A polysili con | ayer is for med around at
| east the porti BRIES g PEIGMIOF BHEDRAYR zon | ayer.
Th e en'g? ?sqgald? to%ﬂe a{teg:Rte dIranXr%E wlﬂér% El%q% h‘él\t]ﬁgo(h@sgmg R‘?erence number
In an area over structure.
deSIgP@t@@wlPBCfePfPSé'gjlhberqum:?mé@Fﬂ‘ié‘@tﬂed to the f| rst end of the
fi igST & WahsiR 111ufqﬁaﬁifg&lhdbrcfs§@btﬁ>ﬂ of H exddPliyeeiniechdtid@ortdbrgee;
second end. Lruct -
H lgD%}AW I&@“%J“‘& enc emfws frad éPtR! (')n% t ?{gggﬁtﬁé{% abctor device
showd ireliig- igs, wherein el ements having the sanme reference

nu lﬁ%efB isd @ﬁérgﬁ] ﬁl‘hin@lﬁhg%}bs{ Lok a@@hnk Akle nﬁﬂﬁ@ L’!Bnt S
t hrou g] hout .

cr 858 adpiren s aé?%?riﬁf%?ﬁ SRt b edvonéhg fin shown in

Figf}g 2A is a diagramillustrating the top VI ew of a
| 0S) £ Y GG il O s LBl Bn SIRWAHS QRS G 1aflVdeited over the fi
sh O\IKg; n F .1 am%ddcl gS 2B'1s a %I agram |aft%u§t§§gi |O¥16g; .
showg inffig 35 - sectl onalong line AA inFig. 2A Fig. 3is

a Gigagis alfﬁagrlarh UBtfatiig avgps@seCiion Sipwing eigam makrizhlagrag & Fig. 4 after an
1mt1ag§>1§na§zc ric layer formed on the fin shown in Fi g 2B;

a diagramillustrating a cross-sectio

Shaw fig agmrem Hette e crasespeiod shose dhersamaige I Pt after further
plans2RA0R |n Fig. 3; 20 Fig. 5 |s a diagramillustrating a

c

4I‘ g’sgf %}I;rglg SC f;matlr:anlg Iﬂ{é]nth at 1? on. c?frﬁlFﬁ%E'iéﬁ%@[n %t% Jé:llug%e
pattetnledl fnmmagatqtgateilabh@esn@ecﬁi on shovm ng the gate materi al

y;g glsgthagrhlg 111u§ra@rﬁgta%'fos.£ féEttdﬂ@l[own@'dﬁ\rﬁﬁij figat i on; Fi g 7
is I agr am sche a | ust atln to
. BT gty A rebe s o s Rl Ry Fitfh one

semitdnéucgadegicerat eri al shown in Fig. 6; Fig. 8 is a diagram
I | lFHgS id’ 1§£ hlgggangcoﬁgeﬁﬁﬁry%ﬁﬁttra RSN ey R ufd A iserhitéd@ductor
IS di agram conceptual ly illustrating an array of
dequer*Wés i ncl udi ng dummy structures, on a seniconduct or
derigs. e1;1-1h'r'mg diagBind iBus@atil argssaentics neeshdw &k Foymitioh ostiasat i ng
an alternate dumy structure on a seni conductor 30
devi ce; and Figs. 11 14 ar e d| agr ans |IIustrat| ng
cross- sect | oBESEMQPE EQRGARRE ING PR THEINVENTIONS

The following detailed description of the invention refers to the accompanying drawings. The same

reference numbers may be used in different drawings to identify the same or similar elements. Also, the
following detailed description does not limit the invention. Instead, the scope of the invention is defined by
the appended claims and equivalents.

A FinFET, as the term is used herein, refers to a type of MOSFET in which a conducting channel is
formed in a vertical Si “fin.” FinFETSs are generally known in the art.

Fig. 1 illustrates the cross-section of a semiconductor device 100 formed in accordance with an

embodiment of the present invention. Referring to Fig. 1, semiconductor device 100 may include a silicon on
2
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The fol | ow ng
detail ed description of the invention refers to the
wa@e@anpAanyi ng drawi ngs. The sanme 35 ref er encePC/IRINE017725

may be used in different drawings to identify the same
insulaBir (SOTydtrhavre thhtambidess: siliddnsahstrath 80, o hotitdowida tpyel 2004 @ gjlicon layer 130
forme(A%ﬁ ﬁlr Loﬁ)rieh Qﬂdeq%ﬁzﬁ oﬁur eh U)h&e 1&)13191 2b Qﬂﬁ%ﬁﬁ:&rﬁﬁ&er 130 ﬁfaﬁ@ed:"onﬁeh‘ 6n

iI'nvention is defined by the appended

substr@leéﬂ%aamenéa@l%m@nts A FinFET, as the termis used

hetfin Bxenibﬁf‘y&ﬁlﬁleﬂh@taﬁoﬂ, ypied Qﬁdeﬂmﬁﬁﬁmhﬂn(ﬂﬁde@hha)n oxide and may have a
tmclﬂ%?s&%%%tg Ifrg al?ou?ﬂ)ﬂ& A tci a%mktfs&{ol}f\e %11 ghlgye}/%tlﬂ& ﬂl 1u(§|gmont)érﬂtalhne or

gener al
polyciylstailise silwbe §11t<>hlelarﬁr b%)ss usescip fogn 2 éﬁ steycts fer @ Gpiplecepl fransistor device, as

descrggylhggrejdglgﬂge@gmed i n accordance with an enbodl ment of
present jnvention. Referr

o BBARE PR EE B ) T AR UBE Ag (g L oer 20may
includABtHR OB AlcdlRGiA S mRETalsUSR0B 4¢r0AM TR Br combmetions ersen(l@@}h)ctmg materials,
such % s{hlé(% dééox Iu%\ﬁaﬁ?xmllera%kﬁéjl ﬁzo%ab lal@@iﬁcl&fé Q&Err MiRurid hbteriah.

ayer a silicon |ayer 13
on Atqaﬁéectﬁa s d4G wc%s ais&ly@rmt&%ayersﬁ P Fléﬁ’nai%‘f“a’éy“'f g;%e?l 1>2’6‘ay be
form@ﬁﬂer&ihl:dnﬂ@@r 1|3a§b€216t alsﬂotﬁ&'ﬂye &21@ difirg Bk gt etSingptor@see Ih iexemplary

1mplein%tfat1on odn e%fe%?m aﬁer 40 may Elro)\zlln c?e tﬁ&ngsé %@%@ﬂ&fn about 150 A to about 700 A.

bur e ayer
Next.gi phptoteyist oxterpbmaxes demeyited andpatiprned totfPﬁnc%h@%Sl%t Ié\’g%l 1%‘&%1‘ fuBsgfuent
p1roce>"§‘$r:;:1‘nc%iJ t[‘he]TQthQreﬁst‘hﬁy 943& sﬁe’aQQDpafkmeahﬂ dnSi Gdhvén’ﬁylﬁl' mahB@ my

s P nglgcgl ]FED&);‘] gerwc%g may Itl{%}g geqetc‘the 1¥o§ elzs# S?Sng)lt 1 %Q Iél?ved In an
exemglagOoufibreengtidresitiqom gdr $30onay dhe etpt@é in aagnve@@gzé [a2) v wjrtththw?béng

termlqgtngbll & e 14 ké} 180 & ?Jnﬂ atih Vﬁftér e k&ﬂﬁfdh it thedfS source and dra1n regions
consSistent wt resen inventi on, substr

ey BB Rt S0 RS R P F ST b R Agoodient « aer o
silicoffPde@ifiani@mSr cogdbmhtica 9 giepmad igernpnion m@;dw‘dpnwaiterimtser@ﬂ and etched in a
conven%n;&ai:lganqg% iloﬂlgsomag Q{d Idﬁln%e 10119 Iﬁ Ufﬁg nﬂﬁementatlons, silicon layer 130 may be

I con %er mani um Burl ed oxide layer 120 may al so
pattetnﬁftiinéeféh toferm sqped e fipin gegipat SétF‘?I‘éP@“SWA” il Betric | ayer
14@"1g M@hen&ﬁcaﬁy BludtlaBOme 1B tiew ol finay@ruredn samisinticeo device 100 formed

in surfcfl a I%annei S%Otl{ce gegm? 220 an(!l % 1'39¥30 y b£ BFr%qujgc\éﬁrthe%hcls loEAstructure

eCtI ve Ca uri'ng subseguent
210 @tbgmdmgldplam é@s@sordm&fo alnexeeyé#p Platroglmeptr?ﬁ fhe H‘éﬁt‘%’t"r‘“&ﬁn

di ehesd i Groisayﬁsn 440 hﬂ@wy AbB Ry, @Mﬂluitﬁu@ the oGl @SS fin structure 210.
rom ahout

As dﬁf{&’%‘&;?"ggﬁ glﬁlecr%ct OF% ]élﬁ and s111c%1qay812 Bgénla 9 dptcg%d 0 ggl}‘l 1ré ?tﬁlét re 210
cmmﬁmmgaaMphbnUmegmsﬂwhasmmn5® for subsequent 15
Pr QELS$R Iy A ss- sJd¥Bn ﬂhﬁ%ﬁg%'f&ﬁlaﬁmﬁf zb@te‘iﬁaﬂs@tﬁb tagl aﬂrgdte material over fin

atterned in an ntian Sem con
soucEA 168 SHOUHA P AP LOROEe AR i BROEDr el F e ™
be foldd off B eXp@sell SifOynefates dfsilicon fin @302 Fpl eaanypld, Arhireyriin filat 316 may be
thermalllﬁ ﬁr%\(;)vrrll OA f?r%/ 126 a%i?ﬂQStIqB%;ml?’% ?t”ﬁ@%gdé flm3 1&8% %Io'wQ ﬂﬁfJ thickness of about

term nating buri ed oxi de
50 Ajergpopt 1604 andgnapy b Formmedpop Hle exppied pidg %L}ém%‘if ﬁﬁﬂ%"o n of the
f i BaeHRFiS Sayari(gl mﬁiy’ R dBpoEl&g b@:ﬂ &nucﬁﬁylcthz&iefu&r 108 elteafbjraeciemof the oxide

film E): r}}%ﬁ%gg%/totgl%% éheenr%es fnaterlaﬁ Pi ers may 1¥0Fu§% %ﬁ%g%oﬁ amé roﬁsra]srlﬁcarhéuo
followed tgorttybrrdbidopedoblyslichh €6nLaed 4 en e nﬂi’bhb%f*yosﬁ% using conventional

cheng&pﬁﬁértd%mu&ﬁbtfﬁf &%Eﬂlelaeﬂ:ﬂ kﬁi\ﬁh&gmdpﬁs akrn&ﬂlﬂl‘x’sﬁﬂltcbn(lm* 420 may be
nmanner form sau

depop e EHESE POREVIEHT A0r @%p B%hsli}mshous Sblwt’*{l‘aw & may be
depogited toed thible@eks tadgifipiram sow ROEA arel0 dr Bolysilicegryen425 may be deposited to a
sinulta & f
thlck.n‘st Ia %mgqf {)lﬁ %&’t % % 19(|56ew T&)P thchlale[gsr?s §I€frv§1§{aﬁ{5§cﬁﬂggﬁ ktde ¥in or stack
heighfe i conduct or device 100 fornmed in such a manner.
Source region 220 and drai n Pegion 230 may be forned
adj acent the ends of fin structure
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25 210 on buried oxide |ayer 120, according to an
exenpl ary emnbodi nent of the present invention. Fig. 2B
WO g00a/1€2106s- section along line A-A" in Fig. 2APCT/US2004/017725
illustrating the formation of fin structure 210. As
d esdgérs hmtn@dpsy-ad inchaibea eyt 25, aneg mext Yoplaadked | Cangigent with an aspect
of the 1nv¥lﬁlon §tg mqu){al By rseh% Qx?idtﬂg Ra ; &rpmngr ZEH 1§551H1%§1%t1@n I%Jc,@ss that takes

I n a Sil1con di el ectr ? f
scvanggQ I Tregt OBSHERE 616 stugbE SheI LD 4 PRl et 425, More
specﬁc@l‘im s tHRlifRre@as WetvibeSpoRehing Irzﬁesloﬁ!;he ﬁmcﬁptdusg;ﬂtcen lagt 420iawd

pdys@‘%@rﬁﬂ:’r % aé;ﬁ%rgg?d%%l%?nﬁ effa%%)'xi%hc!ug la er 9({ caP EPV rgtﬁl}%(% c{l} £2910.
di eMe éstang knolvapleearizatimy tectinegud that mgﬂ beoln;eq th éla@klwcqugéor surface. In
CMP ?MEJSQ]%E S witbr 159%&0%@19& dta%vﬁ‘on%%@catm%@fateﬁ X’ﬁmaﬁér h&ld tnlpldde 19l clkier,

her mal %
rotatep jnj tl’llfsif.lp%GEU@&thP Af the péatens Oni4 éur%% \évg-nefpr ems§ fé'hsﬁlg%mo gn which th there is a
pohsﬂi@ sy hTieknes mapihclals @ ublloiddGoliion of slye pirticl®@n fﬁcaandsowagp The
chem@aé com]_?Tan?gn 28 FIII Qﬁhe gﬁ%?%ﬁgts %ﬂe‘ii)@rf £rrc95:ﬁl§e e Erb&ssl 20n exemplary

e%? deposited over
implegientition AEHHTIR AT rz;aélc&leroluaf tSéPOSf“otP Fraye I Teff fmqiisigg fogmorphovs

sﬂlco;a)’ & cf)ini)a{ﬁédgta-ﬁblysﬁectne lSI'utrIélfot OMFtu@ wel knobvi én thadrieandrace ge’nmally available.
Manyzfg é‘ne COTYgT d% av%lgbqe le]rrles rt‘llat are u%é{:l o(% de éﬂi@rv@tlﬁ gl:ﬂ‘ﬁsn%é ublpz{s) Bilica particles

of - und l'ysiT1con
can bt ehymically4R@ifiah pqlgs aﬁaayld bféy &@b@ﬁ@@fé eptqa sﬂhﬁ gH e%thﬁ/séﬁlty n@h ¥gry from 7
—12. Q“H@r%gﬁi rad 8RR be RERIGRIL J0RANih VM0 Amilohesi ae$00 A w6000 A/min for
| t echni ques. Anorphous silicon |ayer 420 may be
Poyﬂep05|ted to a thickness of approximtely 300 A. Mre
paFigi Lislh apdsysectiamibuspiiop Se ghiarigugofitayset m4Rdn! frpsys 478 and 425 after an

1n1t1agpgg(9dsdf E)ﬁgalnga@iofflhag Bie &ﬁ%‘k‘f‘ed r Mbﬁgmfl:fgofnpamtm RAQ 47 htasﬂmtlally been
con | g#e r 425

planafiggd syeh dhakthg e&ﬁwqqgf quy 0&6’4@@&42%%{9% 11268 %@gﬁen Ae ut ﬁ eq:lg Qlllustrates
semidoRduelsNRS$BER0 Witdr lfurti@ IOV Pthegpessiod. 1y tionpoint ehefupper prfactofakerphous silicon

layer qu dlgal%g expoé/\gmztg a?'e,[a Jag‘o%g' ﬁ?Z 1'8%%&&3 91@ ﬁ\/@]p%lgé hash @éfﬁ(/e?y GAPrate of

I'n particu ayer 425, may next Q
pohslphafnlaﬁmozéeps S@?ﬂ‘i‘éﬁ}yslt“@ﬁ tZOHWPrﬁCHO aﬂysé%cﬁ’é]éifer 4> goppgphous silicon layer 420

effechxfél&%@tg hs(h'ﬁ ,aut&ﬁéttle stB@ltaﬁ:E hnﬂ|w111 Ialyiﬂﬁ 5 adpt@ecavedayd2bentmy2 1f dt should be
undexgtaelgﬁr ggrga lcﬂprt]toﬁ ofoa ruls gi icon ﬁzﬁr Qﬁ(ﬁﬁ% 0 E&bx%}noxte?&ﬁﬁlg the CMP. In this

erent
mamanmncpﬁ@ussﬂgpﬂ mm@ou@y by usm a azﬁ@ctple pty@pqgﬂqy@rrfoq f%@ whep glanarizing
gate M%E 20 ﬁlﬁdp%l frheCebal t]%ickn%y ofthsbipGout BBcod ﬂe{yérﬂﬂ@ék@eﬁdinéﬁkfbb%&'ﬁﬂlo shown in
ishing rates o e anor silicon | ayer 420 and
Fig. Gas qisi08iih PRGH: PaEPP'e ??mmg‘a%{é}%? ?éi | ed anmou n%/ of
a mﬁfgphﬁﬂﬁnah@yﬁ flug2@s thatap ew sfserpicendebtas device A00HIratimp pegtesstructure
710 p%Pe%nela Qtle ﬂlglglréh é?éré 20 1284 r&a%@u&n@‘how b@ﬁtt&ﬁéﬂdnd diched after the

a sem conductor surface Ce5s
B R AN I
710 MBfifude B theq)ottian plogitite Mytheaidesadf the din 210 and b hitgerseldcode hetion spaced apart
from%trerp3 2% r’I%e elec r@f]‘le%foﬁltopgf ngJe gltugtﬂre\zﬁkn%gbg% Y élﬁ iﬁ:gc%gﬁg elbcRal contact for
b1a81pgﬂr p@ﬁlwrfg CCSIFTQIthg;ﬁhe gFﬁeo@PIU rry may include a coll oidal

S olrys éoﬁx@e/%n %giohmO E@VZBGJ ﬁzlly&ﬁen 1013 d@e&‘. &Hof éx@inpls @ltyHeioomtype impurities

may gef xfn@é?tg h E@re%@wa?g%ﬁﬁgig c&g cu efr mfl:prl]egltaﬁ(lml%ogaées and energies may
be se@xtedripkaroy the |pm'p¢u@ng1dtda{1qe@qqu1@fnemh (:_Oqemf/@rﬁmqub ﬁqll ip s art would be able to

optlngger tﬁeI sgt'ﬂ'l:ee)t{raﬁ ln%[aBMtldn%ro‘éagl%@eﬁ oB fhe BRR reduite@Bhtk ﬁﬂ@uc@ﬁcts are not
pO I sh I ng for annrgéous

dlsclgsgql Wu} megiﬁr notdp Hlf,dlu gsc?rg)}he @Wg g a3 o On‘%ﬂtb% InI ﬁdl%qr;'l sidewall
spac@f (not@Rsvn ey Gpesranelel fymad/aiot laltﬂeeource iompifnptahyation to control the location
of the sog%gdr%lf\l/%!nlct%{lsnv aId OQEJ garr?’clullélr di tsre&un@rfnen@r gct%ﬁg aﬁrQEhng may then be

es suc as silica particles can
perfdygeddheativatathé Sy)uqqﬁ@jﬁlfl re@@nq?éo POLP&h a-Si and poly-Si at
different rates. The pH of the slurry may vary from?7
15 - 12. The renoval rates can be varied from50 A/mn
toI 20%0 Almn for a-Si and 500 A/nmn to 6000 Anmin for
poly Si.
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Fig. 5is a cross-section illustrating the planarizing
of the gate material |ayers 420 and 425 after an
WO pootitedi4ger i od of pl anarizati on has been conpPer/@8200£4617725
shown in Fig. 5, polysilicon |ayer 425 has initially
been planarized suORHERSYPIHEVENGWITIQANT on of
po'TNeS(g\/I}!" ?1? ; i LY eﬂrocé% gesa?oga/ Sold dﬁhn%;]zgs tﬁ@g%te%%ﬁalﬁﬁl%@ ¢k 2 uniform

strat'es sem conduct or device 10 er
surfaefequartsﬁ@pon@gpr 6&7v5:e &g |Irh°§me p&plepﬁﬁltguob% ‘Zorﬁlrthe]t iFgroyg anarlzatlon process,
rrm%“ﬁ’xf S@Q&Jr&fma@ﬁpﬁdaﬁheﬁhﬁy Shded B0 fih 20 hefPHeldramyevivenex pifsedayer.

I c t
Ian F’éi §‘f ?(Efgﬁs?ecglfma?dla 22K | 1ﬁusgat1n5 S mamgyﬁ it Ths. ﬁ? en&glg%ﬁﬁﬁr tD &2 cross-

sectiishdvGnFif.dy ecept RFiz & dpramefnst3pl 190 B@ﬁshavei h@@ﬁmln&g agxt 19 3itg actual fin 810.

Durm%{frﬁﬁsrm P& s@! I dol 'n@t%ﬂly Ia?dfeﬁﬁ thé g@al o;%faﬁ&ﬁ;f i Y BB ClISreRE, b@@lacmg fins 801
automati c stop * remai n_as .a grot

and 51050 8. T ot U RBLRE b BTGP S0 OBt HAp 1 mily
depoStad| ThatQ Hirhroyfir6 80 am 82vaws ths loipgionin laagyr &R0 @ BOhighgyin éﬂewas adjacent
fin SR)%h %%91%1%9 ﬁgsl Oll 09 8()@@&% ;Z)reéeﬁ tI‘EUS Sin %@ ngﬁé}ﬂlﬁlrabmn shown in Fig. 8, layer

phous”si |1 con layer be use
820 Sﬁﬁrté)?fé@?fP vaifose BppiRgYd dalg)@r fipgP! 4002 Toyis\RprepRdst R PR after
plansgi@diién. | ayer 420 and 425. The final thickness of

ng’ IOJT 119 gﬁlagam ccg:ngerf)tula %ﬁus{rzgf‘lﬁ% Eén %)? &%‘n&%%bﬂg e nfalsé}mgo:ll@lctor device.

or exa
Linessffi mayicpresee| fys B@GreActudtly gsed in teeFHRERAY Ierz@ls PGP rprrqsens GWY@S at the

ends Ehﬁxestg@p MMy s 9@2353 Q@&ﬂlﬂ&ls@é' ok 0B 8ffdcBQadstd Uy SHelGMPB fighess, thus
ate structure gtterned fromgate materi al
POteI}“ Spedding AGPOLG W 95?’5" an "8 yct ure 710 may be

patFteetrieddiagnon ehchedlydfusteting helter@@ iGVPIgtageey ¢ dimgmy structure.
Lmescﬁ’)lelnﬁﬁb% ermlgatt) ﬁne§ §(5 luzglti %EgseZt]aQtuﬁ %ﬂlﬁﬁgﬁ uf€ [nQfeSindl sehiasHakor device.

te strucé ? 710 na Hﬂ&%%de
Dumgpy diags 801pB‘ere|V?5ff‘“‘p‘FR53{°F‘Hﬁtd§m{‘% stuffEred P e SUBEY SHEE gympasses
moredfed than Jharngernesedoe eddrnmgl @ropios teit@ nnipaicyahiriag@antrizaiqno fn fattieular, by
enca%gglaUn% th% \?att rn Cof %ne% %)d 1O Iﬁg&g&l}c}uféq 06’2C me@%&o@ectse;nﬁ Hﬁ@éﬂf 1§hes’ 1001 from non-

e an access ectrical contact for
unifolyp aelishigg. b dirRsioRieSBmEB eI 100y iehes 1epatd Rt 4P on Fhererl
patteﬁﬂiéﬁsﬁﬁﬂe@fg&ls&l oh 6@ s@&nde0r @mice. 230 may t hen be doped.

FO r %ﬁ?&égonal’ 1mnlemé{'1pa%?n dl P OPvmgXl{%%l\Jﬂ{?ﬁ%liljé%ho%ﬁy docg’sg dQ;@MIﬁQ Ge1ow with

ource/drain-re
referpmqr oiFiEs|1an4 | @GP indecad de@medfe@éfgﬁé%fowl Erieingeralion fayrs mpspbe reduced.

seliRgled dQ@&ﬁg(lm liygﬁ m@yal’;etulséalﬂtl RnicBiidci6ler i€ when creating vert1ca11y
requir enment s,

a
st Ly e ARSI B W s iyl e s
semiihdecesBgib ased 1@rfromheeond smicondnaty ll,ngméiwewtl% WdH@Fersbe éqaimed above ILD
layelaici b 1HE1 ﬁ)g ts il SG1AR @leh@ﬁlg 11, Huﬂne@ﬁﬁi}ﬁfde, rf&texatnﬁﬁleuﬁlﬂié}oys

bscure t hrust of the present invention. In
1m“§E§WF¢@Nﬁﬂ§ﬁ&@%ﬁ@ﬁ“m§ﬁé%%ﬁ§gimﬂ?m§homn) may optionally
be fign [lena@ Ibé petterin@l it D 1861110 EFsCpplication Ofresisrpl CnVas 119 may be filled
(sho&/r? in%o ntlE 94 15‘1 a &or%ﬁ&%l%ﬁﬁenaﬂtgat gﬁ vJs 'Eh% la?ygry [occg{nﬁll[uﬂéa& with one another.

ons ase e parti C ar crrcuit
r ecﬁgferr@ggxﬁ% 12, At 11 QBamey §pimpirpedip Fl}qg.reﬁ&ryurldﬁelﬁ 1104 Implantation material
1209384 f1&fuﬁ@ﬁhct)ﬁ)(8@%§ panadi@n PEehS QUi e Ak @atdrsfagheaniseq2ly depdsited

meta? I\%EEEWE‘N%IIF {:H-JP% ésladé&ggrcs-g rUIS%I 93s /cfg%olegn of m@ﬂﬁﬁy be used.

I'ARar ] Zat |
degefeirtne ¢b Bigsolleng L aresistil z@snav heregeitee anﬁaatr’eqtql &}06 mgy pn fegelectively

depoglgﬁ nM@talL!lQbJ Igiyrﬂe d%U{lé@ﬁﬁuéh@Elmﬁ%@l&@&@b’ @Jp@iitldﬂ@h/d 1688 idide metals such
enentati Qns

o5 bRl skt REmO B E) o bt 1 it IRY B depgecgalyon e s
culti Ptk iwlith eﬁmdntayorpha@ﬁmzo@(xe theonctiviatad @ifacet of viel1p3)y Aedordinghy, via 1103 is
filleEWith b cousting rr]r{e[ap r’ﬁﬁs %Xegsr tend? to !regent él\/ﬂP%‘ndﬁceﬁ GR Ry &%ﬁ&r' d@lﬂﬁ!‘antal

diag ran1lpﬁ ratin Fin i's generally
dEQﬂlnl ar to the cross- sectlon shomn in Flg 4, except

in Fig. 8 dumy fins 801 and 802 have been formed

next to the actual fin 810. Dummy fins 801 and 802 do

not play a role in the final operation of the Fi nFET

However, by placing fins 801 and 802 next to fin 810,

gate material |ayer 820 may forma nore uniform
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20

deposited. That is, dummy fins 801 and 802 cause the

| ow point in |layer 820 to be higher in the areas
waoadjoaaexite 10 fin 810 than if dunmy fins 801 anpCB022004/017725

were not present. Thus, in the inplenmentati on shown in

Fig. 8, layer 820 start@MN¢FUSK®Ne uniform than

W RO T AR ushhl Hlﬁltlﬁlg%at@l%rs&@%mprozb%l%aﬁﬁﬁod @Qegcrfbgi herein. The

better uniform |anari zati on 9 %ﬁ%@
mulige g7 BYAUBH IS BEE AP PyPPRIUS TR o Ao a Py Ry Bt R aizaton stp
Jayer(d&in@ the OMMGJce®N a sem conductor device. Lines 901 may

re En tﬁes ]gg\éoufs he@&gh@n@tnuagrous%[ge%ﬁél hété{ls W2 Eeg foktH sEJl]lecls ﬁnleaif'i:ﬁ;[aﬁemals

Li nes
strucfujepy sken @b, pr@ngwetcf jiperday @g)rqyé]e tm@um@gpéoffﬂ@rpresent invention.

How&kQ &b ffaseRif 1i§\%1§t¥0§ caﬁ@U §ﬁ@he&ﬁ’w1ﬁ1&ﬁ re@t@ng‘% e §e&ific dethilSset forth herein. In
a nore unj,f Or m

pot ent | a n
otheréxaﬂ;aflcg& éve lg%/ a/}{ p]fﬁes?1 sgucéﬁreg élF,Vg IIhOt bs?? {%lﬁa Ini ({e aﬁ in order not to
unne¢ekdatiilg bissadre thejtheust ofithe eresvaitieventiopl enent at i on of a dunmy
st F[‘H&&éigc@lc and-doRERtivE nggrs PBYin BEnFAclkih @Y sehRoddubt§ e AR 3 accordance

and represent actual "structures used in the fjinal
with the presepiipNGeion Fa“d’@ g?pegted byD‘l(jWopz}l H@gsﬂg@ iechrﬁm \}3&; exaraq,lee
metaﬂlﬁﬁbﬂﬁﬁﬂmhﬁﬁ stepeyartstypet efceml0@por Bkmmyons(CVD]:ﬁromﬁes:b@ﬂ@mg low

a ses 2 Qe ng A b

oSBT S P e S BB o
emmgﬁﬁtlcular by encapsul ati ng the pattern of Ilnes

1 O Q‘ile ré’sUﬁ’fWex&Bﬁ i Qﬁp‘l&ﬁa@le Jqotge?rnz{ﬁ&ﬁctﬂ{r@bﬁ@ﬁncaﬂﬂct&f deM@Rfind particularly in
serm%qln ggéstv%cl %sbgP eat_;tlﬁzéﬁll 10S o C S hrlesq g TéncreQSe(riTEa%wtgr% d circuit
speedsiand 1het°mde¢lablllty Pzt rresenpinpo iy gppkreblm@ tho St of e of various types
of se&ﬁmd{i&&qg\ﬁéeg 'éncﬂfé}{de CRtaild HAvedt ekt fo@ia brdbﬂ‘tp h@mﬁ&&{dg% thrust of

i nvol vi ng Elanarlzatlon proces &lt@mgéu rchin
e PR <P " P B e e gpg enijopalphotolitpqeEsphic 3G cEhne
techxﬁtmbsrarmrptoaéd aed, hect, shefdamilswiduet teqhaities have egybeenisa forthagreip & detail.
na)()n@%he J) @anodlln[%ht?&l tl?e){l?v'éntgh grldeclcfév[; éﬁm&lké—o@ts er?s){tﬁftysare shown and

I'n sem conduct or devi ces when creat| ng h
descrg e PP SteRERE ot b S PRieBrood BEHUE GHETEY B FaRB P ase gariow otbr
comtﬁrhtﬁm ahdentitogmenisland BBaphhlEbfin@yigicatidakQdthirahye sip@e bfgietntedtive concept as

eparate a first sem conductor logic layer 1102 from
expresse CIreln

econd sem conductor logic layer that will |ater be
forned above ILD layer 1101. Layer 1102 is not shown
in detail in Fig. 11, but may include, for exanple,

nunmer ous 30 interconnected Fi nFETs that perform one or
nore logic functions. Vias 1103 may be patterned in

I LD |l ayer 1101 by application of resist 1104. Vias
1103 may be filled (shown in Figs. 12-14) with a
conducting material that allows the |ayers to

conmuni cate with one another. Referring to Fig. 12,
via 1103 may be inplanted in the area around | LD 1101.
| mpl antation material 1205 may include silicon (Si) or
Pal I adi um (Pd) that function as activators for the
subsequently deposited 35 netal. Other materials that
function as activators for electroless deposition of
netals may be used. Referring to Figs. 13 and 14,
resi st 1104 may be renoved and a netal 1406 may then
be sel ectively deposited. Metal 1406 nmay be deposited
t hrough sel ective el ectrol ess deposition and may

i nclude nmetals such as cobalt (Co), nickel (N ), or
tungsten (W or their alloys. The netal 140 may be
deposited only on the areas cultivated with
inplantation material 1205 (i.e., the activated
surfaces of via 1103). Accordingly, via 1103 is 40
filled with a conducting nmetal. This process tends to
prevent CMP induced di shing Br other detrimental
effects. 5 WD 2004/ 112146 PCT/ US2004/ 017725
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CONCLUSI ON A Fi nFET created using nultiple gate |ayers
to inprove planarization is described herein. The
worioilpdigs gate | ayers nmay include a thin anor ppOIES2004/017725
silicon | ayer that acts as an automated planari zation
WEH/SE ISICT AIMBRES: dur i ng the CMP process. 5 In the previous
de§cr I ptA Igéaﬁ)ﬂ W&M&%Q&ﬁ&o&&&to{j@eﬁl@é LSnfkige:set forth,

such ecr?rc materials, structures, chem cals,

pré€@§5e§nﬁe¥%m(ﬂphm@PH%¥“Wo provide a t hor ough

ungdemnst a @ﬂé ﬁgctﬁé oV 1epdt @ @ idn df ﬂhv énthuotite anddquetive pf thetifglator, the
gate {)trélctt]rg gltcluéhlg%/ae rst laye é?%ﬁm@ea SscgeJc egrert (QQS% grr&elé'&%%r tf[e%?’s@ fa ér di

i n$taaﬁm@esthe md sltrudtlm@mepfprwessheﬁgcabrmcu@tceirpélsshﬁé(%\’lﬁi Gf the gate

strucRREMe ﬂﬁﬁﬁ{ahgﬁge beheq”ﬁ& @a'yéra(42|0ﬁof HeGRE sthdfireb@ng slower than that of the
unnecessar i obscure thrust of

secon T el TREHh B BEEH SR BB G PO Lr%n Gf e firstlayer s
expoktd @Chniatea nlié &ct ur i Ng a sem conduct or device in
accordance wth the present invention can be
deposited by conventional deposition techniques. For
exanpl e The method|of glaimtli Wherainfemiedresate SESRF S48PVEY i ous
t y pesositls thd TR iHa I(420ﬁmﬁlpnsﬁ@rm5ﬂphdumﬁho(oﬁ;\dﬁl) processes,
i ncl udj.ng, | ow r eposi tion
(Lﬁ@\?ﬁgm he econchlg @25 ﬁm I'ISI n% edéapsg[ec%gy tion (ECVD)
can be enployed 15 The present invention is

3[3 @l ica hlh@mbtﬂodtohﬁmmnﬂﬁe@&ﬂ M i Qhyefis &e@&lt&ﬂ& gl ﬂhi‘ckl&ﬁs rangmg from
appr%?r:\f{%e%g?z)g ?38% e? ségo%g #a%efésdie?ﬂ%?eg]to otg.le#n%gs Qarn 121% 1)1{1 apﬁ)rommately 200

to 1000&r eased transrstor and circuit speeds and |nproved
reliability. The present invention is applicable to
the formation of any of variQus t%@FS_ of Tanarize th
serfi condiie PEfPOdd’e?}f‘lE‘ésWheéfﬁ‘bth‘h%Wé Betudrs psing aSIUpy (g tee the gate
strucB@L the M&hod faHehcompristigder t o avoi d obscuring the thrust
.Of sel£c|a§g tRJ sq"rﬁ[g/q{lch Iﬂﬂy tﬁ%l{l %ﬁudn'}atp Bﬁﬁétflr&'l 2& 15Iagﬁoﬁfn§c§l QBOO A/minute
i nven nvent | onal photolithographic and etching
and @@plrte@zrqmnqﬂesf thgsecoripreniy é@r%ﬁlaﬂelyrﬁé?r%enmr he details of
such technlques have not been set forth herein in
detai l . referred
i nvsgnt or rlr1 © rélﬁt Poy i ?lal% Ty Al e S%%gﬁh?@tg‘?%eg{ i 1]51{&%;" “are
shown and descrlbed in the present disclosure. It is

toge undershoodakihal whdin dh@;\dﬁﬁﬁia@cfh ié I&Ifﬁlaﬁdlhﬂlr@ a@furrylﬁla includes
s1hcalbcg)B(\é léag%gesg%@'el?ghcsg[?ml llﬁ,ntg%m and aI?%ngenEg\C/bg weee ks nl%S and is

i nventive concept as expressed herein. 6 WD

20 014/ 11 %é&a%’@ét&%@@%&%@ 28n su\GHﬁ‘E il@ fg;lfrétli M%Darﬂ imulatbr (120), the

A net hod manuf act urin seni can % i
i i P00 NI T AITEEOR P SR GEDPES (% F0j G ins o haml i
the skifisénkd @t Bevick,Qfenbriigonancga tievics includibgir e over at | east a

porti o(?rghotls stnLl‘c?n 1fa§eP 4§<§)rf&ﬁl£&%v§r anlen ??o‘l’t%tof tﬁ@fnpsftru@tﬁg

i nsSu structure 1ncluding a first

( 420plysibrgn v édé@rfernre%\%rnd eudes)hermgrtivi of AABPTPPOYE Sifigop p By a0, e
amoifpﬁc)ﬁ@ KilicoR ler 2420} p%lﬁﬂlhgihfbggﬁ thepoy@ili@n $dyEriCanlired oy the fin structure;

? ﬁ%{ orrg%géeggoglt?%%&onnecteé rEl%% Qnd%?tlhe o'trlugturtL, n (CMVP) of

ure anari za I'on rate of the
fi rasirald rmgier (230 xDheciod tOttﬂrﬁese@ad ad gf thyfet sypetrpei ng sl ower
than that of the second |ayer (425) of the gate
structure, the planarizing continuin unt
sur¥ ace o SW“‘?‘WPYS‘F‘”F%%?@ im W eé?i'b@%ge d“%\tﬂr JWYI%%P%%FrET
the fin.

0. The semiconductor device of claim 7, wherein the amorphous silicon layer (420) is

approximately 300 A thick in the area over the fin structure (210).
7



10 2. The nmethod of claim 1, wherein form ng the gate
structure conprises: depositing the first [ayer (420)
w@eopnidikng anor phous silicon; and depositing PEEUS2004/017725
second | ayer (425) conprising undoped polysilicon. 3.
The nmethod of claim2, wherein the first layer is
deppsi t ¢, s%ﬁc@ndﬁc!?dr ‘&éﬂﬁb@ §§cle[n§a?\!v}ﬁg:1nf tﬁé)amo;pﬁoﬁ BiRE0R Xy R4 20} dhd the
200 to 800 A t he second deposited to a
polysiligprdRised3>) ifoarﬁg .gﬁ@m#?rahlﬁ%?b foF % F%%Oéfils‘}mfz%m"e to 1000 A.
4. The method of claim1, wherein the CWP includes
using a slurry to planarize the gate structure, the
nmet hod further conprising: selecting the slurry such
that the planarization rate of the first layer is
approximately 2000 A/ mnute 20 and the planarization
rate of the second | ayer is approximately 50 A/ m nute.
5. The nmethod of claim1, wherein the sem conductor
device is a FinFET. 6. The nethod of claim1l1l, wherein
the planarization is performed using a slurry that
includes 25 silica colloidal abrasives, wth high
selectivity to oxide and pH rangi ng between 7 - 12. 7.
A sem conductor device including a fin structure (210)
formed over an insulator (120), the fin structure
(210) including first and second ends, at |east a
portion of the fin structure acting as a channel in
t he sem conductor device, the sem conductor device
i ncl udi ng: an anor phous silicon |layer (420) forned
over at least a portion of the fin structure; 30 a
polysilicon |layer (425) forned around at |east the
portion of the anorphous silicon |ayer (420), the
anor phous silicon |ayer (420) protruding through the
polysilicon layer in an area over the fin structure; a
source region (220) connected to the first end of the
fin structure; and a drain region (230) connected to
the second end of the fin structure. 35 8. The
sem conductor device of claim7, wherein the
sem conductor device is a FinFET. 9. The
sem conductor device of claim7, wherein the anorphous
silicon |ayer (420) is approximately 300 A thick in
the area over the fin structure (210). 7 WO
2004/ 112146 PCT/ US2004/ 017725 to. The sem conduct or
device of claim7, wherein the anorphous silicon |ayer
(420) and the polysilicon |layer (425) forma gate
material |ayer for the sem conductor device. 8



