WO 2004/ 112146 PCT/ US2004/ 017725 FINFET W TH DUAL SI LI CON GATE LAYER FOR
CHEM CAL MECHANI CAL POLI SHI NG PLANARI ZATI ON TECHNI CAL FI ELD 5 The present
invention_relates to sem conductor devices and net hods of manufacturing
sem conduPPo0 YW ces. The present invention has part iPCHUER0MBEI 2% abi ity
t o doubl e-gate devices. BACKGROUND ART The escal ati ng demands for high
density andripesd @rrmmosr. aIs0@iNaGETE VAtHR HOH cAENRAYaEReAl® Al NHoegsatizon 10
sem conductraANARIZATEW require desi gn features, such as gate | engths, bel ow
100 nanoneters (um, high reliability and i ncreased manufacturing
throughput. The reductjon of desjgn features below 100 urn challenges the
limtations of conventional net hM@&E@P exanpl e, when the gate |length
of c@nvent i orTas prgbm eentiomarbiates 10 Xdntkendicin dedereland tethods obhaufadtiriag semicopdueteri st or s
( MOSFETs . wi th short channel
effects&gﬁghﬁggjesg%égglﬁlgxe\%%%té&{aeag@%ge t%{es?\c;\lg%n tgP\%Ecgsgur ce and drain, becone
increasingly difficult to overcone. In addition, nobility degradation and a
nunber of process issues also HMKGROJJND‘AR:IUH to scal e conventi onal

MOSFETs t o I'Ilﬁg elf-sﬁ.aga%r‘xagr({l b ?orﬁ ééns‘?t?grld é%%orrga%ycj ags%m;t&ia\;qﬁ& %iﬂ%ﬂe%‘éﬁl’aﬁ&l

structures are ore el n rove perfo‘r_{]@nce and
al | d# f yemireaductpedevies raguize desigy fe%ﬁ@@a@éﬁ*’éem 1@&@"@?&%@@1 structures

t hat havgi.hieg Qnd(i&fb'ide@lﬁﬁrﬁﬁctaﬁng(i@&%hﬂﬁt‘lﬂhsreﬁlﬁﬁon oR@sighianediloy 16inst i ng pl anar

MOSFETs. . I.n se | e-gate MOSFETs offer better
char act &PlEREFLt gi”ﬁtﬁthmt%é’o“é%%\t}%a% ?eﬂéotr%a “Bbul k silicon MOSFETs. These

i mpr ovenent s Fardxgepldywhea tseate eteiefgpiventionsplasanpeshide sopicoadugiat fsldgffert t r ode on
bot h si dggsisfs MOBRERANREAEA belod 106 fm tpkbalampdaéoyﬁatarmm@oredhdﬂelaﬁectsnuchcao nvent i onal

MOSEETs. Wien there are two th | ect r.i ythe

i a7 © S BONE OB P i v veah BeSEhGY Grebfl SR AR MY

gat es cambiigriegahtion euipriupbar of precesy sssuetadde mekarir difieultge scgle San‘ﬂgll@alﬂ:o%?%o

resul ti Qﬁbldd@méeaﬁ,ﬁ%?{i&ﬁér démetfé‘ameagNe%d @R straohrds brd ElrEfokebeing ExplRAto ilflel e- gat e
structure_th ifs shoras1 channel behavior. A FinFET includes a
channel HgP ff 24 ?}18?’ Efl *Pi*i°*¥he Fi nFET structure may be fabricated
usi ng | ayout Iuoisle-gatedd@SFETs tepresentingy emctutesthdt bave heon ¢ongidered asranflideist fot onvent i onal
pl angy '\@Eﬂ emﬁ&mﬁ% IIEEGIAJW}EM'&Q&)&') @mt:«'ﬁfslo&&&etfeﬁn& stent with

the present | nvent| on provi FET havi.n

pol ysi | i %6??@%&9%‘?“647&?‘8’ pign B%Sﬂﬁ?égo%ﬁ e ﬁlgse T T P éi e g‘ﬁ Seal
mechani cgate MOSIFET s m gpte( dBviR)de opbagtnsides of die iclnneb fatherthanpoly prore sidess in One

| mpl emeng Akl QR HORFR! R tﬁ\éré de {wD Gatds rﬁ(@eﬁ@oﬁ@ﬁel@ée%ﬂtﬂﬂﬁ 1 dfﬁﬁltlm&ar @d‘reened

manuf acturing a 35 sem conduct or devi ce. rlrft hod i ncl ude ng a fin
{é’“g

St UCt U EPTHE SRS RS Bl B‘fpﬁrtﬁﬁgwawg%pe 3 e s s TSR ol ol

25  gate, resulting in a stronger switching signal.
A FinFET is a recent double-gate structure that exhibits good short channel behavior. A FinFET
includes a channel formed in a vertical fin. The FinFET structure may be fabricated using layout and process

techniques similar to those used for conventional planar MOSFETs.

30 SUMMARY OF THE INVENTION
Implementations consistent with the present invention provide a double-gate MOSFET having a dual

polysilicon layer over the gate area that is used to enhance chemical mechanical polishing (CMP)
planarization of the polysilicon.

One implementation consistent with the invention provides a method of manufacturing a

35  semiconductor device. The method includes forming a fin structure on an insulator and forming a gate

structure over at least a portion of the fin structure and a portion of the insulator. The gate structure includes a
first layer and a second layer formed over the first layer. The method further includes planarizing the gate
structure by performing a chemical-mechanical polishing (CMP) of the gate structure. The planarization rate
of the first layer of the gate structure may be slower than that of the second layer of the gate structure. The

40  planarization continues until the first layer is exposed in an area over the fin.
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Oﬂg.% is a diagram schematically illustrating a top view of a FinFET showing a gate structure
25  patterned from the gate material shown in Fig. 6;
Fig. 8 is a diagram {llustrating a cross-section showing dummy fins;
Fig. 9 is a diagram conceptually illustrating an array of lines, including dummy structures, on a
semiconductor device;
Fig. 10 is a diagram conceptually jllustrating an alternate dummy structure on a semiconductor

30  device; and
Figs. 11-14 are diagrams illustrating cross-sections that show the formation of vias.

BEST MODE FOR CARRYING OUT THE INVENTION
The following detailed description of the invention refers to the accompanying drawings. The same
35  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.” FinFETs are generally known in the art.
40 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
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Fig. 2B is a cross-section along line A-A’ in Fig. 2A illusirating the formation of fin structure 210.
As described above, dielectric layer 140 and silicon layer 130 may be etched to form fin structare 210
" comprising a silicon fin 130 with a dielectric cap 140.
Fig. 3 is a cross-section illustrating the formation of a gate dielectric layer and gate material over fin
30  structure 210 in accordance with an exemplary embodiment of the present invention. A dielectric layer may
be formed on the exposed side surfaces of silicon fin 130. For example, a thin oxide film 310 may be
thermally grown on fin 130, as illustrated in Fig. 3. The oxide film 310 may be grown to a thickness of about
50 A to about 100 A and may be formed on the exposed side surfaces of fin 130,
Gate material layer(s) may be deposited over semiconductor device 100 after formation of the oxide
35  film 310. Refemring to Fig. 4, the gate material layers may include a thin layer of amorphous silicon 420
followed by a layer of undoped polysilicon 425. Layers 420 and 425 may be deposited using conventional
chemical vapor deposition (CVD} or other well known techniques. Amorphous silicon layer 420 may be
deposited to a thickness of approximately 300 A. More particularly, amorphous silicon layer 420 may be
deposited to a thickness ranging from about 200 A to 600 A. Polysilicon layer 425 may be deposited to a
40  thickness ranging from about 200 A to 1000 A. The thicknesses will vary depending on the fin or stack

height.
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the pl at-ABpdiSme R dats RiaiBtht RAL 400anidsC Rade BEFirel 790 Bay be patterned and etched after the
30  CMP process is completed. Gate structure 710 extends across a channel region of the fin 210. Gate structure

i

710 may include a gate portion proximate to the sides of the fin 210 and a larger electrode portion spaced apart
from the fin 210. The electrode portion of gate structure 710 may provide an accessible electrical contact for
biasing or otherwise controlling the gate portion.
The source/drain regions 220 and 230 may then be doped. For example, n-type or p-type impurities
35  may be implanted in source/drain regions 220 and 230. The particular implantation dosages and energies may
be selected based on the particular end device requirements. One of ordinary skill in this art would be able to
optimize the source/drain implantation process based on the circuit requirements and such acts are not
disclosed herein in order not to unduly obscure the thrust of the present invention. In addition, sidewall
spacers (not shown) may optionally be formed prior to the source/drain ion implantation to control the location
40  of the source/drain junctions based on the particular circuit requirements. Activation annealing may then be

performed to activate the source/drain regions 220 and 230.
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an auto ey op layer and will remain as a protective |ayer over fin 210.
It should be Fl&ﬁ@éﬁméoqcm@%u@ﬁﬁm ansgpyt 9f Eres (8- ARD PoReTIsondpqiqr dgyice| ayer
42? May @hed QOIQ%y E@mmdls dlutrateraauampesem FoFBTd) Lfes202 f@;@ﬂﬁtrdumﬁﬁ?fsﬁhms 210
sili ctive n or n
nf58| a?‘?g%%?eﬁ%oq gaﬁ%é‘y 'éftééf he}? ‘bmglﬁ %’zfgr CroFR e "’|°tfc’1aalB G?Erv%aé{n%g goor tgl#?or phous
Si I i con nomﬂyﬁﬂmnme‘ﬁMleywedWwezm shown in Fig. 6 as distance |1,
{rﬁy Pe for exa rlf@isﬁdxaﬁﬁfx’Edﬂ&bﬁﬁfy@iuh’traa@%aguenﬁ:e%%ﬁneﬁtﬁmBﬁtdu&?aly kitictude] USE T at ?i .
e top vie sem vice i|lustr ate ure
patterne[dn"f‘\r!lv(z?g?’@ ?ees“?f'g{tgﬁeép&r%géepyfseﬂtfﬁmaéﬁtﬁm %t("é@gﬁs Fuc Ih?’%mr?i may be
pat t er nehnamydinest90h dolweaért @y replived byﬁgmmugureé@@stmW%w@%lemWSst ructure
710 gt e@&éar@aqﬁaqaﬁnﬁy ﬁla@m%&d 5§ BoGifle &&erm@n;ﬂ @u:?réglanag@aﬁ:l& &ﬁﬁaﬁ#&ﬁlb&{@ 710 may
i nclude a ﬁ'ﬁ ortion gﬁa e to the 842 ttanﬁ%) ] ?Ooggomnon_ ar ger
el ectroo"é“’“g L R é ¢ dompy SFctd |nﬁ’y§rf6° S grbef e’ porti on of
gat e st rusiforuvpelisEihg Theyinpnsiva otkemany stcwed 812dueh ag leagih b ivpa Hependron the pvefalir
bi asi ng &{terpggﬂgtg,%lﬁsmgweggﬁéomctgmv&at e portion. The source/drain regions
220 and 230 may then be dope a e or rities 35
may be i npl anf &tpdiiforayigplen: g)“fﬁt‘%ﬁ e Vé’ééﬁ g@&ﬁ‘ﬁ”‘ﬁ%ﬁ)?ﬁs& #FFEX%;W‘LT@%T
i npl 2int atfeence 8R4 aGMP ddaeddegimnental\effects dor sretabmtedmieglationd alyexs may bperqu@ri{ i cul ar
end device 1 egiihEMRALS: 1F)Faydts mBS ﬂ'u&@qnyse:ﬁl&nh&cto& &vﬁ&'%eﬁr@aﬂ%@hﬂ?e able to

optim ze the source/drain j1'nplant'ation process ﬁl %g
r equi r erfgAgked laxrtiof sersprdretoglogiy- s ghpvn dp %%Ilb?éﬁ'DH@'F’e]ll P b&l’ ?s??ﬁrf‘tef‘ *Undul y
obscur e sefeorddhtat ngcan‘yertllnm fpmasenid seimivathicioplogic layer deldrill laerbe fgrmelahene [LD spacer s

(not shqun) ; |FRY. 9&&1&364 ‘Qﬁnﬁe%rmg RY 'b9c &ﬁm&efms&%ﬁ@m@aup i on

i mpl antation to con ation e source/drain junctions
basetf orf“‘F’l‘i‘é‘“Ef&F‘ﬂ“E%Tsé‘?at@Ff?f&j’P?OTFQEG‘?@%‘HSFR"% Activation annealing may then
be perfornmed vies 1203 mayat patterdiel isILDN4yer 1d0icky AppliegibrsT sesi2A004a Vihs 2800 may be filled

(shown in Figs. 12-14) with a conducting material that allows the layers to communicate with one another.
Referring to Fig. 12, via 1103 may be implanted in the area around ILD 1101. Implantation material
1205 may include silicon (Si) or Palladium (Pd) that function as activators for the subsequently deposited
35  metal. Other materials that function as activators for eleciroless deposition of metals may be used.

Referring to Figs. 13 and 14, resist 1104 may be removed and a metal 1406 may then be selectively

deposited. Metal 1406 may be deposited through selective electroless deposition and may include metals such

as cobalt (Co), nickel (Ni), or tungsten (W) or their alloys. The metal 140 may be deposited only on the areas

cultivated with implantation material 1205 (i.e., the activated surfaces of via 1103). Accordingly, via 1103 is
40 filled with a conducting metal. This process tends to prevent CMP induced dishing or other detrimental

effects.
5
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pl anari zati on process described above planarizes the gate naterial |ayer to
forma unkkﬂkﬁgniﬁrface for sem conductor device 100. |n sone

i mpl enent a0 OREH®8 further inprove the planarizati on BCOEREOMI Ry fin
structures nmay be additionally plagggmﬂﬁﬁéNto fin 210 to help yield an even
more uniformlayer. 5 Fig. 8 is a cross-sectional diagramillustrating
dummy fins. FhFnFET qragtedyesingmaltiply sa¢ lajesde impeove Memarizpiipg s dessihed peggn- shewn in Fi g.
4, excephulligle gateGayerS maytholAY a fulndEoPhbls amdn B2 mhaseashae fionfaRd pltkisagentstop 0 t he
actual fjin ?lo. fins 801 and 802 do not playa role in the final

oper at i oR bFpHRe * However, by placing fins 801 and 802 next to fin
810, Jat e natleticatevibayerrip@0, nvmsrodsapepifia datadls @e sehioftlp sush ehiseeciiy aerialsn when i t
i's i niti@dudtites, $emios, bre@sses] §&lin brler tHIVRY a froRBeh@RibrsBR 80 Re g;_@shhﬁﬂw&dﬁ&l.' ow
point in_|layer 820 to be hlq%er jn the areas qg%ace t 1 iLn ﬁlo than if
durmy i H&VesG-ieraensB s iie Fan H1BEC5E BRT FsergLo oy e S PIvST BRBATEYi%n shown
in Fig. @heringsiynees, welX@ovaitpectssingirictunes have motibkepdescribladin deteil, mouder dttiomy fins 801
and 802. ik SarPscdu 8 il P8k bREnUREARBAM ty after planarization. Fig. 9 is
a diﬁgran1concep1uaLly illustrating an array of |ines gebg.d f%@%% on a
sem £bnduct or Thgdiglegtee and gangctivedayars ysgd in mapifactufinga sprpicondyclor devige ig acg i1y used

i n the RvitREesesent inn@gon@aibe depsiederbnveationy ddpbsition ethnighes. FotBxaepleds of | i nes
O0L.  DUMEorfhh ol llehuth s O VNG i Vap P ERERR (A1 Gk ol ASAS Y

CMP process, thus_ potent] al e g ré uniform planarized surface.
Fig. 10 TESEe QFTiGH MBmeEm EETY) o34 cnbileed epioe vARRT SePYsPhECAD! 74P rent at | on
of a dunemplogéd ucture. Lines 1001 nay be simlar to |ines 901, and
reprgsent act . Ny i i I i . Du

Pr 53 ﬂ@%re?egllrlﬁ{rg&tfdﬁg%ﬁ)pggagg uLtHe %Jﬂ@faét&rfsﬂgl)f s&%mnﬁ&{%g%g&ég ﬁnj lﬁﬁly in my

i nes 901, however, are re % urm}l/) ructure, A structure
1002 encHmisenducias dopresijihdesign dogturen of TOQRRPA] bPlp W acsultmgin inerepseddrpnsisiondrd g bet t er
uni f or m dpyedshiatl infGovid relRBitidy Z Fliel pdSent ihventiva fis dpFllshbd to thDFormaABOCEPBE SeribwdGyptsh e

pattern c&fsenliéogcﬁétoxl nglgbs ag d%&.gs%\%eléét%aén%gt%orm orge;r %&ﬁ(ﬁ& ob%?nggﬁe%ﬁg Bf li nes

1001 from non- uniform pol1shing. I Mensi on ructure 1002,
such as thenteerinyentiondypractigingtbp nsrsent ieeninpeqonyentionsl ghofqli j§8rderhBei ng used on
tlhe 22 M ShRiGE kroémpkevd 46, herlcs) ﬂﬁﬂetﬂﬂdiish&lﬁaﬁﬁj%deﬂﬂzi{/eﬁﬂiﬂ;%r%ﬂ forth e @l dstalg t he CVP
anarizatio roce scri bhe el ow w t r .ence.. i 1-14,
VP | nduged Q2R e SERAReRES R il ey Rt 8 NGl PR b
r educed. describaddsy thegrespnt disckaswe t It is ¢ be pdpsptoedaas the inpaatjoniecapabie 9f yshingerishedisEuct or
devi ces ph6iRaticfis@ad énfighbniid ah€ R bdpiblSdr 8686k bnd Y BRI S thOdcomRNhe ANAEG kotcept 801 C.  AS
shown in _Fi 1. an ILD layer 1101 nmay be used to separate a first

sgﬁ;d hf]a'r n.

sem condUEto Sbic | ayer 1102 from a second sem conductor |ogic |ayer that
will later be fornmed above ILD layer 1101. Layer 1102 is not shown in
detail in Fig. 11, but may include, for exanple, nunerous 30 interconnected

Fi nFETs that performone or nore logic functions. Vias 1103 may be
patterned in ILD |layer 1101 by application of resist 1104. Vias 1103 may be
filled




(shown in Figs. 12-14) with a conducting material that allows the |layers to
comuni cate with one another. Referring to Fig. 12, via 1103 may be
inplanted in the area around ILD 1101. Inplantation material 1205 may
include silicon (Si) or Palladium (Pd) that function as activators for the
subsequent|ly deposited 35 netal. OQther materials that function as
activators for electrol ess deposition of netals may be used. Referring to
Figs. 13 and 14, resist 1104 may be renoved and a netal 1406 may then be
sel ecti vétyABMBosi ted. Metal 1406 may be deposited through sel ective

el ectrol ess deposition and may include netals such as cobalt (Co), nickel
(Ni), or tungsten (W or their alloys. The netal 140 may be deposited only
on the arkas Awuldthodedfasantifidiuring seticériduBtorBéwed, 3bmpaQag(i - ., the
activated surfaces of via 1103). Accordingly, via 1103 is 40 filled with a
conduct i ng metfarmingg fin sirustise en av irsylater; prevent CMVP i nduced di shing or

ot her detri mend.al.:...ef fect / 2004/ 017725 1 CONCLUSI ON
A Fi nlgET creap{e)fé&nlﬂlgi%Inégﬁuﬁﬁc%&e[\%ﬁ{)gﬁ%a%r%}%{tg%rﬂ%ﬁ%vglgp#rg%%’rz ffellgiaon is
descri becongoredftheTinsulatoy Ithé phte sgattard ayhidingmYiritngyeddad a sebomi RFOr phous
silicon |ayer that ts as an automated planarization stop |ayer during

t he CWP ﬁ%‘e@sg\{er@qﬁﬁrs ¥eIhaél i ous descriptions, numerous specific details
are set forth, b BEGI i : t ]

o ocesses. ot &I EHFREE BEE SCtulRes blitining 8 chUEI] AkcinBlE bobe
present i(6MM) phthe ghlovetnueture,t the plamsization matendfi tha fian ldyer pf ahé igned Wi t hout
resorting,.to the specific details t forth hereip. In other instances,

wel | lbno%ﬁuﬁ%ecigg]ﬁn owek ﬁﬂ%?@é ‘i’ét ﬁ??fm%elé}‘?rd%g § 88% PHIueaithe i n

or der notpldiriz#BNDRERGAL uhtl] APEEPE SubfGe b HirsiOhydr8 cRPEIEH ahB¥&Nt i on. 10
The dielectric and conductive |layers used in manu¥actur| ng a sem conduct or
devi ce i rPvacteditance with the present invention can be deposited by
conventional deposition techniques. For exanple, netallization techniques,
such as various types of chem cal vapor deposition (CVD) processes,

i ncl udi n@. | ow Therméaked 6f Akiai GiherdiaFormide ms%'arté fhchkEtorisd enhanced

chem cal vapor depositiaon éECVD) can be “enployed. 15 The present invention
i s agpl i cabl e depositieg the Astderen comprising smernbonsizibea; anévi ces and
particularly i ] i i design.,.features of 100 urn and
bel ow, resul ti%ﬁ@ﬁ‘@ %ggg%bglgggyte?g%%ﬁsgggmu}é%o e@?’?%ﬁ‘ihfon'speeds and i nproved
reliability. The present invention is applicable to the formati on of any of
various types _.of s m'con(fuctor devi ces, .and hence, details have not been

set forth-in digemnetigd ffslaimBs Bibereiny then st haves is depositpd toaethigknessnvent i on.

I n practi.gi t LIQVARH § ent.i ' i.c and
et ohing 3045 (R ApEOSIhat ) A \SR00KMNCRE B0 BIG B BEARREER
t echn2b quebickimse rangingfesm apgoxinoatellp 200 t@l®00A detail. Only the preferred

enbodi ments of the invention and a few exanples of its versatility are
shown and

4. The method of claim 1, wherein the CMP includes using a slurry to planarize

the gate structure, the method further comprising:
selecting the slurry such that the planarization rate of the first layer is between
25  approximately 25 and 2000 A/minute and the planarization rate of the second layer is

between approximately 500 to 6000 A/minute.

5. The method of claim 1, wherein the semiconductor device is a FinFET.




described in the present disclosure. It is to be understood that the
invention is capable of use in various other conbinations and environnents
and is capable of nodifications within the scope of the inventive concept
as expressed herein. 6 CLAIMS: 1. A nethod of manufacturing a

sem conductor device, conprising: formng a fin structure on an insul ator;
5 formng a gate structure over at |east a portion of the fin structure and
a portion of the insulator, the gate structure including a first |ayer and
a second 6.ayerThefmethed o elaimtlh avhierais the ldy@rrtzammwmeefnamct iising alsbugat e

St 1 ot ur d PSR SuBihf EiRts, PR SPer R BAAR i berioeyo° 9 ©

st ruct ur ebebgéend-s2.o0mer than that of the second | ayer of the gate structure,
t he planarizing continuing until an upper surface of the first layer is
exposed in an area over the fin. 2. The nethod of claim11, wherein formng
the gﬁt e pLrucy Q&ﬁlcSH&g%tdé%ﬁélce u}éucﬁ 8§tnt§t 9%&{%1&5& Sher A EuIESTRE! S! o
anor phous “si l i con; "and osrting e secon conpri sing un(f

pol ysi | i dan su&uuihﬁclumhgdﬂsbind: lsaﬂoml 2ndsyhuriedsn atﬂbetlcfn of thel Ay %trud:taredep08| ted
to a thickness in rom appy oxi mat.el y 200 .t o 800A and the second | ayer
i s deposidHpe fp2 ngel 3 ec%@ﬁgg@drlatﬁrgaa #ges. thssemyiennd ?tﬁh@erleﬁ inglyding: 1000A. ~ 4.

The met hod of &l didbious MIROR Y e} RiniclBvnRISESptbAGE el lifibnde P! anarize
t he gate structure, erret urther corrpnsr% ectlngt e’slurry
such that t he qpcﬂymlnaondayan rfommtdearotfmd értéeafst ﬂmtpoftamejf thesarbe:q:h/em‘sﬂlaﬁl

apprOX| te 25 an nute a t e p ari z rate of the second
Iayer mi ﬁét\kﬁé‘ﬁw ﬁ‘ﬁﬁ’t‘ig YT B al?‘ﬁ %ﬁ 12NN ARG of
claim1, dveeﬂﬁlﬁhgtﬁ@t@@m conduct or devr ceis a FinFET. 7 6. The nethod of
claim1, wherein the planarization is perforned using a slurry that

i ncl udes si | i Gesovskelregidaontisetedity e, fnmmddfltltgﬁ‘ﬁlsstrmmvandy to oxi de and pH

b 7-12. | udi fi
Gt ructur e 1 or AcBvERonsofiselsa 36 B AR S or R A Brdeier nel U ng fir st and

second ends, at least a portion of the fin structure

15 8. The semiconductor device of claim 7, wherein the semiconductor device is a
FinFET.
9. The semiconductor device of claim 7, wherein the amorphous silicon layer is

approximately 300A thick in the area over the fin structure.

20
10.  The semiconductor device of claim 7, wherein the amorphous silicon layer
and the polysilicon layer form a gate material layer for the semiconductor device.
11 The semiconductor device of claim 7, further comprising:

25 a dielectric layer formed around the fin structure.

12.  The semiconductor device of claim 11, wherein the dielectric layer is
approximately 50-100 A thick.




acting as a channel in the sem conductor device, the sem conductor device

i ncl udi ng: an anorphous silicon |ayer fornmed over at |east a portion of the
fin structure; a polysilicon |layer formed around at | east the portion of

t he anmorphous silicon 10 |ayer, the anorphous silicon |ayer protruding

t hrough the polysilicon layer in an area over the fin structure; a source
regi on connected to the first end of the fin structure; and a drain region
connected to the second end of the fin structure. 15 8. The sem conduct or
devi ce ofl3cl aiThesemidraduétnr dévdces efitleinm duwhereindthe iinsmlating dayeFiimfi&Es a9. The

sem condyctar, device of claim 7. wherein the anorphous silicon |layer is
appr oxi ngt{uglego§ﬁ6Aa§{eﬁ?%erflHnt%éli@pesgﬁﬁ.%q. the fin structure. 20 10. The

sem conductor device of claim7, wherein the anorphous silicon |ayer and
the polysilic | ayer forma gate material |ayer for the sem conductor

devi ce. _illd"Thgﬂée tﬁ%‘% @?lg}l’m%remﬂfld’@gai m7, further conprising: 25 a
di el estric | ayfmingisoide ahdarath dfRnirédconhbdi6d W ile fik2. The semi conduct or
device of claim 11, wherein the dielectric layer is approximately 50-100 A

thick. 8 13. The sem conductor device of claim7, wherein the insulating

| ayer inglude ' I de [ af d.gn.,a silicgn subsirate. 14. The
nmet hod ofCl 5(':I a?rnl%% 1m9c¥l {)f? ? ﬁ%lgﬂgtwh%%ﬂgﬁhﬁ&pﬁgdeg&ﬁpgea Hrdryg? B{aﬁar&er uctures
connect edhé gatt beudture, thd methdtefupthéh@inpiisigl: ai m 1, wherein the CWP incl udes

using a slurry to planarize the gate structure, the nethod further
conpri sing: seFselingdhe shirey suehy thaicthet planarizatorp rata a0 shet fisyt lesgreisof t he

first,l a j iBkE! %a2RQ0 ! d ri.zation rate
of thl(e) sé?gﬁdﬁeg%%r%quprogié{ngt {e%'lgyp@é ﬁl&ﬁur?% 01&12& Eé%g?hfgg&o*s form ng
a Fi nFET approximatelyrir Asmingte. fornming a source regi on on an insul ating

| ayer; 15 formng a drain region on the insulating layer; formng a fin
structure on the insulating layer, formng a first silicon |ayer over at

| east a dé6rt i chmethddhed fointing b FirdRET devatdcomnppisirigt on of the insul ating | ayer;
forming a source region on an insulating layer;
15 forming a drain region on the insulating layer;
forming a fin structure on the insulating layer, forming a first silicon layer
over at least a portion of the fin structure and a portion of the insulating layer;
forming a second silicon layer over the first layer;
planarizing the first and second silicon layer by performing a chemical
20  mechanical polishing (CMP), the planarizing continuing until an upper surface of the
first layer is exposed in an area over the fin structure; and

doping the source and drain regions.

17.  The method of claim 14 further comprising:
25 selecting a slurry to be used during the CMP such that the planarization rate of

the first layer is slower than that of the second layer.

18.  The method of claim 17, wherein the planarization rate of the first layer is
approximately 2000 A/minute and planarization rate of the second layer is

30 approximately 50 A/minute.




formng a second silicon |ayer over the first layer; planarizing the first
and second silicon layer by performng a chemi cal 20 nechanical polishing
(CWP), the planarizing continuing until an upper surface of the first

| ayer is exposed in an area over the fin structure; and doping the source
and drain regions. 17. The nethod of claim 14 further conprising: 25
selecting a slurry to be used during the CVMP such that the planarization
rate of the first layer is slower than that of the second |ayer. 18. The
met hod of claim 17, wherein the planarization rate of the first layer is

appr oxi |y 0, i Lanarni zatj pn _rate of, the.second |ayer is
30 appr giiltgehnt eﬁ% %Bfﬁlgﬁ] r?‘?lr‘i%a?%al%g %&lﬁhhg ﬁlr@{ %Xﬁf 1813%0}?15 f’él,co &él?en t he
first | ayecordslaperis pidopsd polysitioon.and the second | ayer is undoped

polysilicon. 5 20. The nethod of claim 16, wherein the formng a first
silicon | ayer conprises: depositing an anorphous silicon |ayer to a

thi ckessyy ?‘”gméqgéthi?&'b?aginﬁ& %he?&ﬂ.t 'fo%ﬂTgtMrs{ i}fiéﬂnﬁg%ér*?sﬁm@ﬁ%&?d silicon
| ayer conprises: depositing an polysiTicon IFayer to a thi ckness fangi ng
from 200 A to deposithng ad Gnidipholbailiven Haykr ad acthivknesd Gangihe fieinn 260 Aeto
planarizgg@, the thickness of the anorphous silicon layer in the area over
the fin ture ranges from about zero to 500 A 10

and the forming the second silicon layer comprises:

depositing an polysilicon layer to a thickness ranging from 200 A to 1000A.
10

21.  The method of claim 20, wherein after planarizing, the thickness of the

amorphous silicon layer in the area over the fin structure ranges from about zero to
500 A.

10




