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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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planarization;

Fig. 7 is a diagram schematically illustrating a top view of a FinRFET showing a gate structure
25  patterned from the gate material shown in Fig. 6;
Fig. 8 is a diagram illustrating 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 illustrating 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
2
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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. Referring 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 Ato 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.
3



25 210 on buried oxide |ayer 120, according to an exenplary enbodi ment of
the present invention. Fig. 2B is a cross-section along line A-A" in Fig.
2A i1l ust ngpiro@ytibAef ormation of fin structure 210. As gegais2hRmipBove,
dielectric layer 140 and silicon layer 130 nay be etched to formfin

structure 210y ,LQ0PH ind 4 ar iSakicR@Nayer m251§9y ﬁemtb!a pﬁnaﬁkeﬁl e6dstsiet vé@apn 448t Fi g.

3 1is a cross-section illustratin t
R

exenpl ar ydvamdg@dﬂtmaﬁfer@i pdlikténg atessﬁmhorpmvse:ﬂtcmolayer M%nté@%@ﬂlﬁqndaypraﬂ}ér Mpgy  be
formed o, f; eﬁ,ges%eqhesd* FonSY F{t@&ﬁ@mm@m G el ico Rer x| €, -2 thin

oxi de fi P cf er ma own on 130, as il Iust ated in Fi
3. Th® ordlgdicsn Lyey @ioa q?etgpllﬁbaﬂ@rlwgmwha“ﬂ%{ﬁc‘&@ﬂé%e Bfansdafn 2180 A to abogt
10t0 A ard may che if Rk ﬁiﬂﬁ’v aﬁz&%n@é&ﬁlﬁk@edlaﬁil@i%e st foaCa%izof sehiicondb@0r suBat.eln
materi a

(s ed
format i oﬁMéﬁ’mef%)‘go?( | £ %J%CG‘F? F?ﬁ"g iy 6'93\‘/% a{'ms ep?%te(r:?o qﬁ u‘g%:or e ivll) i b}gg“{‘?‘ E]g'[ erial
| ayer s nmates inchelsaige diretdvinnf hapigen. ¢in terogohefile mtﬁnl 1%@?118412@ pag Q.‘;‘I"Yhéf\‘ﬂéﬁfeb?a a

llayer of d‘fl&g&%ﬁﬁ% p’?llle)éﬁfnj\y/ lnﬁ?ﬂcléd%% colkAMELRIiGhAR sﬁ&q)afﬂlglg’s 1H§-Varxli53 sdllﬁllaﬁ) STHeed usi ng

convent i m cal vapor deposition %@F
t echHi queismicalseppsrigersand pH PE‘B%SI‘FQ’)?gFC‘%‘Z'@e‘%WaWB oHBH Pré’ﬁesst 3“ %{’ ef‘?’n %Tf?ﬁ ess of
appr oxi ”ﬁrtpﬂln)ént&m oAhe 1Maelhﬁonpiﬁd§ pariulapduny is chosoi Phows Ioi faicobpvlislingder a@@heray be

deposited.to a th Sk anghn wAely

| ayer 42819B§ BLP %‘F ep %E 5(811139'% %im%ig 8{??%%3%5515 ra lé\fllzﬁgh Q‘?grr%%ne%g% Mé%ﬂeg\otn 0
1000 A. Whg que e@ﬂaescsély ayilaljle shurisp thyegueser] faEéls Ctl\ﬂ’e"”% apyagjyes §‘t°aé%é"‘°ﬁ%%f‘g‘|’f‘€ 3
WO 2004/ 112 48mR QIV M&Q@Wp@ﬁsﬁ Z%@nh@M%ﬁat éiﬁgreﬁlildesﬂr% pHanle sitmypedytviag diloau7,

| ayeyr_ 425, may next be a th
i nveht i onl? aﬁetrém??ﬁ]trétﬁcé ‘gg ﬁ%ﬁgo%ggﬁ L a'Slan%%ZOrp[?%él O%\)OA{%MM

pl anari zgdig §in process that takes advantage of the d| fferent polishing

rates of amorphays, %Js—s&:ﬂ&n 1‘1@5&%{}10 42 Crapchn P&H tlYeSJa{e'nﬁQHal he¥e H204a3(5425|\1ﬂ6ran
speci ficall di fferences hefween

usi ng
anor p hou@l"é’?lﬂeil%%’ﬁ PlP’ﬁ*?é"\“"‘H‘?@ b"éﬁ gerplesd) TR B ‘5 8 ys‘&?g %y%%% afly g
anount OplafiB PRE St theogkeisio Spdailicdadayee2a amdﬂmnoﬁmsrbe@k@duce@vmg § iyswatisnow
pl a |z a%n& 3 ndé%}%cdh v1ceqH)8 aittel;' ﬁltrthg%)(/ﬂbﬁocgs%ﬁg }&tqu%&i‘rp afd Léﬁ r QurB s %&9&5&& &ficon

sur face. down on a rotati ng
pl aten. Mre 4Mambe e)irPQ#eél inj thp amaabqye 69/21& @9&&?&? dr CMPrRS?Cﬁ%S e arpfatfvely slgy e o

directi Oﬁbhgﬁmgtfbleatr@}pﬂ&ﬁ QihcoQThyEIhQO &hﬂpﬁl@&@ pﬂ&sﬂﬁdﬂﬁt 1apdr 82.% AmdrPhoas filgbn BYEr AP pad on

which there is a polishin I
S0l it onrivEp fas ATy B i sl Rap e el f i E 8, Bl

conposi t inderstacichapismodil pbitien sflawpmphoua fificee tager tAkmperlsobp rramEee dingihed NP this

pro S:m 0 | s 3 i n
ol u ?%}S/ m !ir{r}% gﬁs]%ﬁﬁﬁ?%mhi@&rylayef PLeYeOlal ds QP o&tmre Q@pﬂ rfb\'l@@lt floPfith 210 k}'ﬁerﬁﬂd’ hriiZidgl ar

av ow rate o
conpar edzaedast) ard 42 o hhe figpl highness "ffaB‘Prp@f‘f\‘bS‘Li?"@ rI4I28 HD B’(’ nemg’lr % (I)‘gnolg gfe
gener al | gig &vaiikiadab 8, mayMa Ryr e@dmplid) appeimrelysoall y avai | abI e sI urries that are
used for oxi dlg . schy rria&calba{ﬂasﬁ‘%les tﬁém?“&poﬁér[ugéddh&ﬁ' d%etlt)@ill@s?ratnfé%ma@@tructure

chem cal ly modffie ferent

of the sT lﬁmptgermgrorv azrwym#t?r@hlaayzsrsﬂeo andfi25. C’Eljal‘fét‘l“‘é‘l‘fﬁ\zlé)l gy af Baétefe%ﬁ?“% 8‘°‘%78?‘1"eé§‘ °from
S50 Al n ¢tap 2ROQs N dhplidd0 Ga@ stictut VA0 &AdsAbbsia chahn80&dn Afihafif 210. Gpio ktyucie.

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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Fig. 5is a cross-section illustrating the planarizing of the gate materi al
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Referring to Fig. 12, via 1103 may be implanted in the area around ILD 1101. Implantation material
1205 may include silicon (Si) or Palladiam (Pd) that function as activators for the subsequently deposited

35  metal. Other materials that function as activators for electroless 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.
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CONCLUSI ON A Fi nFET created using multiple gate |ayers to inprove

pl anari zation is described herein. The multiple gate |layers may include a
thin amor ghg on |ayer that acts as an autonmated pl stop

| ayer during the“dl\é process. 5 In the previous descript ."%ﬁ@ﬁ‘ﬁ@é%n

speci fi Cvﬁ%ﬁsldﬁmﬁn%t forth, such as specific materials, structures,
chem cal 5, processes, etc in order to provide a thorough understandi ng of
the present indvent |Agnethod}q6mer\yléapturmgmesexp1p@§mﬁﬂrdiaWecmnp@ﬁlpbcan be practiced

wi t hout resor fdrRhe b @n tNRWSRE) b 4 iflEhed, | S set forth herein. In other
i nstances, well known processin struct ures have not .beep d scr l?e Ih
g c? taﬁléuaor the

detail, in or dBPOAAENG Yrocy QuE adesrrr o dadinamigiee 1 # Bdtong present
i nventi o gate d@dctiith enciddied efdbirlayer @20 aglorscwed fayee (2 \fersd osetle finst layamadact uri ng a
sem con duct or 8&?&1\[&1&9 thle gaaf'ﬁrggﬁrg @ynﬁe?fom)ﬁﬁgta Rérmgal Rl'é&ﬁrﬁ&li pcjhgﬁfrfgr&M@fbf @R %at@ €

deposited by conventio osition tec ues.

met al | i z &FICET heritmiigliegat g #ﬂ&éayvraﬁﬁ?%aféhq%ésuwe *z,eWé ﬁlpt‘f%utha%‘ilb‘c?? the
deposi t i eddodd@YE) 4P SRRSHR Structus; Y Piai@izih Ontifdin@ S 66 hE upBenifeabf heapo layer is
deposi ti on %(ll,PC\/De avnd ephanced cheni cal vapor deposition (ECVD) can be
enpl oyed.™ 3 QSR ™ nvention is applicable in the manufacturing of
sem conduct or deV| ces and particularly in sem conductor devices with

desigp features of Twﬁetﬁu@o@agmhewé%mfoeswtm 9% shelenk:0GHBAREd transistor and
circuit speeds and | rove refiabili The present invention is

appl i cabl e t o%%PRBINE edistt fayst (B0 @ﬁ*pﬂ%ﬁga&’aﬁf’f"a’aewpeé of seni conduct or

devi ces, and hepnging ttdeéc@nd 1ayeh @2 $) chaprishe emtogedtpolygtidkoh i n order to avoid
obscuring the thrust of the present invention. In practicing the present

i nvention, conventional photolithographic and etching 20 techniques are
enpl oyed and, 3henc&he meteod @belaiin|2s Whsteins frstlayerinflapadiad WaWEckpst epedne{roget fort h
hereim i ﬁppdﬁim'ateiy 200 {30y AtahethPdene 1486 RpdRdidRRlcEinetf radgh@ fon\WEd-iti P00 a
few exar‘rpl %olé?f its versatility are shown and described in the present

di scl osufe is to be understood that the invention is capable of use in
vari ous other conbinations and environnents and is capabl e of

nodi ficationsyw t hipp LH&aSEQRE 10inddREind OMBDLiNE uﬁgg@ anaezsme%&s ed
herein. 6 WO 2004/ 112146 PCT/ US2004/ 017725 WHAT | CLAI 1. A net hod

of manuf SR PRgnethod SRBETSATRISEST devi ce, conprising: form ng a fin
structure (21&)ecting tarluaf Suth dhohe plzfrﬂﬂmd’mgataofgmiﬁstSziyEItmatppll’oamawBIQO(E?tA/iD@a@t a

POT I Skl oA LU LR 35 [ AhguEnsul ator, the gate

structure in first d & ‘second | ayer (425) f ormed
over the first Iayer and 5 planari zing the gate structure by performng a
chem cal nechani cafrhdiihod bf Ogm (1 CMR)eithe R oS deGitd iICFHFEL. t he

pl anarization rate of the first |layer (420) of the gate structure being

sl ower than that of the second |ayer (425) of the gate structure, the

pl anari zi ng cont i nGherrgpthed of dlaimn, wheprar theapinprizgéong$ performefl pyingta slugy et ipgdudes
expaged difka 88loRkiGBra Q%S 'withhEh kdif vty to oxide and pH ranging between 7 - 12.

1. A semiconductor device including a fin structure (210) formed over an insulator (120), the
fin structure (210) including first and second ends, at least a portion of the fin structure acting as a channel in
the semiconductor device, the semiconductor device including:

an amorphous silicon layer (420) formed over at least a portion of the fin structure;

30 a polysilicon layer (425) formed around at least the portion of the amorphous silicon layer (420), the
amorphous silicon layer (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 semiconductor device of claim 7, wherein the semiconductor device is a FinFET.

9. 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 claim1l, wherein form ng the gate structure conpri ses:
depositing the first layer (420) conprising anorphous silicon; and

deposi ti ngwbhgosAsAQYd | ayer (425) conprising undoped pol WwehliGaflniprs The
met hod of claim?2, wherein the first layer is deposited to a thickness
rangi ng from 15 approxi mately 200 to 800 A and the second | ayer is
deposited to a _thickness ranging froma proxinatelélzoo_ t.0 1a(8 Q“ 4. The
met hod of cl ailfh 1, TRASFERCPuptirdelfast PR 1 gheep e Agorahous gliepi/aseh g 8hars ze the
gate st polgdilitbelayek (He5)fainaqdte hdtetid Gyerdaniprseiconguctg éévizet i Ng t he slurry such
that the planarization rate of the first |layer is approximtely 2000
Almnute 20 and the planarization rate of the second | ayer is
approximately 50 A/m nute. 5. The nethod of claim1, wherein the

sem conductor device is a FinFET. 6. The nethod of claim11l, wherein the

pl anarization is perforned using a slurry that includes 25 silica
col | oi dal abrasives, with high selectivity to oxide and pH rangi ng between
7 - 12. 7. A sem conductor device including a fin structure (210) forned
over an insulator (120), the fin structure (210) including first and
second ends, at least a portion of the fin structure acting as a channel in
the sem conduct or device, the sem conductor device including: an anorphous
silicon |layer (420) formed over at |least a portion of the fin structure; 30
a polysilicon |ayer (425) formed around at |east the portion of the

anor phous silicon layer (420), the anorphous silicon |ayer (420)
protrudi ng 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 claim?7, wherein the sem conductor device is
a FinFET. 9. The sem conductor device of claim?7, wherein the anorphous
silicon layer (420) is approximately 300 A thick in the area over the fin
structure (210). 7 WD 2004/ 112146 PCT/ US2004/ 017725 10. The sem conduct or
device of claim7, wherein the anorphous silicon |ayer (420) and the
polysilicon |ayer (425) forma gate material |ayer for the sem conductor
device. 8




