WD 2004/ 059727 PCT/ US2002/ 040869 METHODS OF FORM NG
STRUCTURE AND SPACER AND RELATED FI NFET Techni cal
wo-e@kds9720001] The present invention rel ates grCEUS1003/040869
to CMOS processing. Backround Art [ 0002] Spacers are
common structures in conplenentary netal -oxide
sem conductor (CMOS) processing provided to protect
one st rMETHODS ORFOBMEBNG STRIGGEURE ANDESPASHR
structure. Exenpl ar X vi ces in which
protective spacersmmﬁ&éﬁgﬁgﬁ%ﬁ n Field Effect
Transi stors (Fi nFETs) and MesaFETs. A Fi nFET, for |
exanpl e, structurally includes, anong other things, a
TechﬂaﬁleFlbhht extends over and al ong a portion of each

a thin, vertical, [ “fin.
[ 000 ﬁl n FET§“he gr@%dgyeqt@n,r@la@p BERFTR bé%@@l Wﬁcqsﬁ’ﬁgant s at
the gate edge and preventing silicide shorts to the
gate. Conventional planar CMOS spacer processing
BackPslaREANES a nunber of problens relative to the fin. In
articular, conventional processing to formthe
[ 0002]pacer Spagers #e cgmmon éaghures insomplsmcsiary stalpxidresentigpnductor

(CM(&) é)ggpe\ése@% lpr%r\]/ (ied t8 ?octgct o%% gt%&ﬁr%sfr%%l ﬁfo%?%%ﬂi& (flcglllg to an adjacent

er etch1s a

structd¥ee ExleRPlay B/pes SﬁdMCDS) dbdceig Q\ﬂﬁ(t}f);ﬁﬁ‘cdcﬁvé Hialers @Myst be used are
addi ti onal etching can prevent attai nment of the

Fin FigtsbEffed Transistars FanFRRst amérMeﬂaEEiTené@ inBET deratdnapie.girugturally

RS RIS LS LU TR, S g vt
a thin! V&ﬁ@eﬁrsﬁh&fn ‘fﬁe' i Pinketrsaskgeents réquitel For WBEIENE aRpIRG:s at the

exposed to inpiantation. In conventional spacer
gate edgo e gicnenting stljpadeeshofts tarthe gate. Gdmerenfiinel plagar @MQ&SP@WT

el AL L5 L e 1L 855 1 Lo e dlpmnes onal
procegélngff@@ohn I3t @R oHe ro Qs G afHIRbRoLHHEE $inOhE cén%ﬁtlonal

spacer is undesirable. Attenpts to renove
spacef procedsekeaa lubeds finceosioredurittg spacaretnbvis agotenhal mpblesy When the fin

needsetg %g legéegp\é\gar {ygth;frl]@ 281%? gfg{ltléréﬂ‘&ﬁg]%\%pe glger\r/]g%@qr{ta oe?nlt o?Ehe desired
fin si?¥E SARle challenge is formation of a spacer along the gate without formation on the
fin sidewalls and the top of the fin such that the part the part of the fin not adjacent to the
gate can be exposed to implantation. In conventional spacer processing, a spacer formed on
the gate also forms on the sidewalls of the fin due to the three-dimensional nature of the
FinFET. In some cases, such as during sidewall implantation or source drain extension, this
sidewall spacer is undesirable. Attempts to remove the fin sidewall spacer result in removing
the spacer on the gate where a spacer is needed. Similar problems exist relative to other
CMOS devices such as MesaFETs.

[ 0003] In view of the foregoing, there is a need in the art for an improved method for
forming a spacer on a first structure and at most a portion of a second structure without

detrimentally altering the second structure during the spacer processing.
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[ 0003] In view of the foregoing, there is a need in

the art for an inproved nethod for formng a spacer
w@no0a/0$9725t structure and at nost a portion of PET/ESONCH0869

structure without detrinentally altering the second

structure during the spacer processing. WO 2004/ 059727

PCT/ US2002/ 040869 Di scl osure of the Invention [ 0004]
Diddlesurawétha briventidmt es t o nmet hods for form ng a spacer

for a firgt structure uch e structuyre of
ropBier, | dhe ivergR e Bropundt it S1euteRapet d Py frooture, sucn
as ﬁ%‘é %ré 68 PRAFES! add\f rhdda 36H1RGIT sbdNeuBREE such as a region
Wit hout trinentally altering (e.g., eroding or
of gy finh adjacenbtosthagate, whkowaejrimdaljedEndg §¢.gu etading orfheming a
rrethods enerate a first_stru re ( ate _structure
spaesy these ﬁlalﬁwg?]a?hwsﬁﬂﬁﬁ%g@w 16 Bt S ﬁa @%ate structure)

e
RF ARG tHBYvePEang. Th
hapili oo B@lﬁﬁéﬂ‘f@‘&iéf&  ESeD ton T8 o SOURE ANG RYvcDfang. The
ovbﬂﬁné hfagtbestmowddufer spacdr pf@yessmgt dte operhtsg pfotdcrethe first structure
second structure if the first structure overl

. ps I he
ané awprgoteskt RagE Ofi e, sepppdestarpir @ ifdhe Hirsf grycgurg OffFriaHSéﬁ? ghgond
[
pr 0 ecjtylté 8}?3%{13131% Qgﬁﬁs 1% qq‘l‘%g&ﬁ% aggljgl 8 uh Ia[hé' gatgﬁgﬁ His re in a
FigFET grapessaiiby @spab&? twhereahe sigbwalls @ﬂiﬁ@ ﬁﬁ&reseipecéd tother processing
silicon growmh and jnplantation. As a result, the
sughbahestpstisie slélwrsgrp“ﬁlg al@fi implpetaiiet ohea sshlichemethadg allow sizing of
const n.o rs t
th%%etcp{l%tﬁqc&lrr:?ncfl £ous %thtgg glgsg sﬁ%cetu{%%%gt%ﬁz?cge? g/ﬂ}?fo{lﬂ?e%mentally
altéﬁﬁ'?f__&fe RERICHBEMED dﬁlﬂ'i% dpRNE P REsIAd. SPhe i@leitfm 416 @lates to a FinFET
n including a gate structure and spacer forned

indydinpe gatstshvdiaire argl E[pac)@(f@]mﬂﬂé’ theomeglsidag and ot her
helnvetlon nt f

LB} oo g e BEpiBarn oHEF ctfiks Ppf BREAFOh Wil BitrdEent from the

foﬁ@&m%@ﬁ&% ‘[Dﬁﬂlcﬁ}& dERBptiBY 81bdsPMod& fof EarBRAE birthe Qﬁfeﬁﬁon
Dr am ngs 0006] The enbodi nents of this iTnvention

WI|| be described in detail, with reference 20 to the
tJ !OWI nﬁ fi gﬂr es, wherein |ike designations denote
erein: [ 0007] Figure 1 shows a

d@%f pect g eYﬁlﬁWuﬁént@o%f‘SQH{léﬁfon%&lﬂ%%td%&lb@fl iRdéth WAt reference
including a fin wthout a gate materi al

to the following figures, wherein like designations denote like elements, and wherein:
[ 0007] Figure 1 shows a perspective view of a precursor structure of a FInFET

including a fin without a gate material.

[ 0008] Figures 2-A-B show cross-sectional views of a first and second step of the
methods.

[ 0009] Figures 3A-B show cross-sectional views of a third step of the methods.

[ 0010] Figures 4A-B show cross-sectional views of a fourth step according to a first

embodiment of the methods.

[ 0011] Figures 5A-B show cross-sectional views of a fourth step according to a
second embodiment of the methods.

[ 0012] Figures 6 A-B show cross-sectional views of a fifth step of the methods.

[ 0013] Figures 7A-B show cross-sectional views of a sixth step of the methods and
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[ 0008] Figures 2-A-B show cross-sectional views of a

first and second step of the nethods. 25 [ 0009]
WOe@uns2BA- B show cross-sectional views of a P¢i/ps2002/040869

step of the nethods. [ 0010] Fi gures 4A-B show

cross-sectional views of a fourth step according to a

first enbodi nent of the nethods. [ 0011] Figures 5A-B
thstesulting gats stucttireoamall assacéaied spfacer. f ourt h st ep accordi ng

to a second enbodi nent of the nmethods. 30 [ 0012]

Fi gures 6A-B show cross-sectional views of a fifth
B SRl 1di'\Ea it te 1A94Rori QUres 7A-B show

-sectronal views of a sixth step of the nethods

[C8nd] 2 WMDOdY 05 S iinPCTiFdS200cGaci8 602 gath strueisigl anidag associated

gate structure d associ at ed, spacer. .Best Mogdes. fqr . .
SpessF MDA dRmEHaLlY RRIE irop BRI BaY BB fge invention
wil el Je%rib%% rré“lg‘tfiw % SMEPERS, ﬁli(gt b B élé:ttiﬂr*}r e @cture is the “first

assocli ate spacer Wit hbut etrinentaliy altering a
straeaeTding theufid isrtke fiddcbndsivuchee.d emahe BadfETpplicaticant ispater is formed.

0 b , , , ) .
foy@p g@‘;eglpgt%;?argoﬁéol bedrbétie tlgg %‘él\ég@tpgﬁtghqlzéz{]ﬁg Egca;%gﬁ? élllgt%ant éo%g through the gate.
t. " F i i " o .
I AL o 08580 S LS il i
wigdh 8 iadsdired teafop@rd spacerddr 4 Hisst Stiruvtddjaad orin 4 hgacgiafioe at most a portion

because the fin ?oes t hrough the gate. However, it
(neneoailall obe POESY AT 2 SePOnA STUETHE, het HAWS sHuciiies BEspepaiRtcddy some
.ysed for any, deyi [ alLche 4 LI .
455 s S0 Bl Rt ok SRR B4R R0 orming

spader BRSHe GthAQifutRRe at(alI0 MR @kardple, tAE tio PREdteR na§footh be gates and a
second structure, i.e., if two structures are

- spaesparaatbedieriyedsamene ofithe saterbutmabatrabl anode otiist Betce Awspidingly, the

B8R o ERB e Be A I B el oo
Fog 2@ e\ﬁ& SFrMGE TR sdFRYioR Hdwdier, 9alyehie RRFET applidsin Willybe

sired on one of the gates but not at all on the
destrited igdetell. Bbephmdsndejrimentelly dltdringd meangickpagemhth an undesirable

W%flt. ;IH%]E%%SF %lﬁ%ﬁ(@g? E)B gg&_)nlqialg,as%laceertpgoc%ss\{r?é i)ne hl\é g%{e may
detrimentally alter the fin by forming a spacer thereon or eroding the fin. Relative to the gate
example above, “detrimentally alter” may include forming a spacer on the gate upon which a
spacer is not desired.

[ 0015] With reference to the accompanying drawings, FIG. 1 is a perspective view of
a precursor structure 10 of a FInFET after gate etch. At this point in processing, structure 10
includes a substrate 12 upon which is formed a fin 14 of mono-crystalline silicon. The gate
structure (not shown) will eventually be constructed over fin 14. A hardmask 16 is also
provided to protect fin 14 during processing. Hardmask 16 may be, for example, silicon
dioxide (oxide) or silicon nitride. Actual processing to establish this precursor structure 10
may include deposition of a hardmask 16, etching hardmask 16 and the underlying silicon to
generate fin 14, conducting a sacrificial oxidation and gate oxidation of the silicon to generate
structure oxide 18. It should be recognized that the above processing is simply exemplary

and that other processing may also be possible to achieve the illustrated structure. Fin 14, as
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For purposes of brevity of description, however, only
the FinFET application will be described in detail.
wab@4pkrrase "detrinentally altering” means chaPgEtiS1002/040869
an undesirable way. In the FinFET application, for
exanpl e, spacer processing on the gate may
detrinentally alter the fin by form ng a spac
shewariesrady foregengiatign phe ghte ﬁtm@&%ﬁnld\ﬁegp@@eftfﬁléth@ @ﬁ@ sgycture.

Oﬁi &mﬂng }qgﬁa% e7r1ﬂet r a{t ‘%En%l ée yoﬁ%%lqu%\{/\lﬁ agﬁé(cer Bt a:%‘?e and.a spacer for at

mddPh peRRIN T fid didhkhe Wat: é;reé@ﬁlﬁgcenﬂ@ drmm s, those ﬁgures labeled
accorrpany| ng draw ngs, IS a perspect | ve view of

‘Ahslpves grasesectiomalctiew eh- zéoacmss dinFi4rissiowhiie F1Q@at, ené thase labeled ‘B’

S B P B B PG e T R Bace fomco
[0 -cr y% %l frsNgeps %llldv%)ﬁ‘l FIGRE 2898 8 idPrdlddrbOfe f@ﬁé}h’cmn of a gate
S ) W eventual |y be constructed over fin 1

strh@mnhrmslkpdbﬁed svel fiolprBiEiSde4-B elsprsbowatseénd step duwvlinlya second

B S3S A R SRRk T b, 0 SEGTBLEL 0 PULACON, s e

dedi gnﬁﬁ)ﬁl%lcélfs@ tﬁ@hﬁteﬁﬁﬁﬁ%ﬁ@%ro%deﬂ% Wi & iR redTRYrnisN&d Hfﬁfv‘be described
J dnas

osition of a et chi ng hardmask 16 and |
in hfa;ee detai belpimng Asialsoonitl Healesgrird imt®ré detail belowy pebond imagerial 22,
sacrificial _ oxidati on and gate oxidation of the

12%llf’r figisrent ogdieimaatena@lst ruct ure oxide 18. It shoul d
OB?S ecog ']F}Ié%dﬂ%h% ﬁo&f‘ﬁ@ tﬁ@%test% AGHESA B aﬂe%frﬁbtqgel Y4 is formed in first

| ary " and processi ng

md@é&ﬁeﬂ i2blagd secondhasreal PDe1 32, | Resiniray Iﬁﬁly ﬁtcludetalppblmg:arml pbéterning (e.g.,
as 3 WD 2004/ 059727 PCT/ US2002/ 040869 _ shown, is
wwlelatéaygnanhy)gaewéé@ﬁsko% 612Xt dEOS 1ver ﬁést aderipl §% ggspnd material

22&% g& % %ftﬁé Hé?etr{zﬁseco f(LmQ géltg ]stn’lzé‘r@ 242 "As %m{vﬂsiﬁ 'Ff'l’(t}e3B these

gate a space

steh® breddlso &ppdied &o @@htda@ EbL@ée @ndf drﬁhndagﬂoﬂQZS bEﬁlS péc Sﬁbsequently,
processing. In the draw ngs, those figures | abel ed
hardmask Bévis eenaqvsddn 8 kBewn fshiopi ew A- A across fin 14 as

O@F va Isg cﬂ((% 4# -Ba S@Stéx %S us!traagg{,\%dﬁ:ml? 1%(31%? 8{’1% next ﬁep in which

seddi@ BRI YeE WiBaden @Vérﬁérl?ﬂl)st maler@0407] Ak ﬁot@dfabéﬁd second
st ep, shown in FIGS. 2A-B, a first material 20 for

magenad 231 1 2hissfifferenfdhen ﬁlsst meteriat 20.i s deposi ted over fin
Og)ég]o FI GS. FIE@ EA shovg’ a rst em%e ﬁ%e%t %r} vev 1011 secvcvgld rQaterlal 22 is formed

(in the step shown in FIGS. 2A-B) as a polycrystalline silicon (hereinafter ‘polysilicon’) such
that it has an oxidation rate faster than first material 20. In order to provide these differential
oxidation rates, in one embodiment, second material 22 may be a portion of first material 20
that is implanted with a dopant in a known fashion. The dopant may be any material that
causes polysilicon second material 22 to oxidize at a faster rate than non-doped polysilicon.
The dopant may be, for example, Arsenic (As) (preferred), Germanium (Ge), Cesium (Cs),
Argon (Ar) or Flourine (F) or a combination thereof. In another embodiment, second
material 22 that has a faster oxidation rate than first material 20 may be deposited on the first
material, e.g., as polycrystalline silicon-germanium alloy. First material 20 may be, for

example, non-doped polysilicon. According to this embodiment, second material 22 is made
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material 22, 122 is fornmed over first material 20.
(Second material 22, 122 includes the dual

waele®isgsEeT on because the material may be provi Perus1902/040869
two different forns, as will be described 10 in nore
detail below.) As also will be described in nore

detail below, second material 122, 122 is djfferent
to bierharfg fisst mmle} &by Q@lduptlm)arsyxmm e.3A2BR0& v O e The

ciffpisil oF R 1% o Zrf Mol il o s i Hoond materia

22':(8* gﬁle%u%ye 2NFAHER 1S BRI 1 A fRsidnf@tidleoniThe résﬁﬂtgs generation of an
1t hography) a hardmask 26, El?ﬁ;él oxi de ( TEQS)

ovexhang #0 oé fin TARdjacent to fidst seterid 20 f A-Bsshpw the pesulting structure

and et chi erials to,.fo at.e truct
n adidrisoend Haterie Pt fedeboitpE gl obEuE sPUHE A Falfpangs an

el \ﬁ‘?&ﬁlg%lon H’if@ fovitd? oﬁ'icﬁi 52 {h8Q0 P MBhelSki@tiohi prodeds may also cause thin
bseguent’ har dmask is renoved in a known

oxideslhyan 34 [e. QOé;ﬁjroﬁtrﬁ&ly m tan@srtumm tBan p¢cand matesial @) to form on the

nbod h
G T DB e ot R Ab il P PERDS TR oot
b
strﬂg‘}u?éj @rthlaC la?gfr: oq ?113\8 f?tpgéos%lgllatlg@%fs A %}o\ _h%dtﬁl'v%&llﬁg@ Bkidizing the fin
awdyl st enbodi ment in which second material 22 is forned

[ c(gm] coﬁ ?ﬁl&%egg?ﬁmg@waglﬁ‘f%a e W?S'g@e ‘%’gr rsi%”’l llillélgﬁ%ond
e%ﬁxl'Z?%tvél%Qn gi"s‘? {IL?& £ 20 p‘@!ﬁlg dake tseémlhﬁ'% 4t8ia1492 i grsowded (in the

renti al ation rat

stépshoha if mrb@si | 7B as SBE ﬁfatériﬁhhaanmgﬂlﬁ‘zﬁbntrﬂmnbel Iaﬂpwrpropmtles than
of first material 20 25 that is inplanted wth

firdiopatariali 30. dnlene wbpdisKMbIrstTReRR) it Piokiicg@s RAlysilicon or a metal

h
suf:n%ta%g(qb&htzstéhcﬁe Orq}llgést%éélf Qﬁ% %(escI Hﬁ gl%&rr]%ﬁ f’%f‘g g?&hﬁéd Aa g-l%ss such as
bo@@JpM&(ﬁhbfsQféate glie (BPRah br pRysphesilicae ge»sa(m@) T!nesmp @fmakmg
referred), Germanium (Ge), Cesium (Cs)

Arg
seCord) mmtr:nsu 16d rqvn@a(lgﬁrsi IaderEd |thfaat1n@iﬁdqsr?@né@ﬁtlng|%thennal process to

SR ETRIFHT) e LR RGPy ok D figmay it

fofl EPRSIIE, %aﬁ{g 4theast teSbcondGnatelififak approLinthtely 850°C for approx1mate1y
pol ycrystalline silicon-germani umalloy. First

tematimrteain 2EnAesjdiging mente%ga@| - Brﬂbﬁdep gesulting structure in which
seﬁ%{déqx%&%{a&%%?l oy g)p Lp%rtlon Sfa m%e eru ’1 27 %20 overhangs an

electrically conductive lower portion 132 thereof.

[ 0022] With further regard to FIGS. 4A-B and 5A-B, it should be recognized that the
shapes of second materials 22, 122 as illugtrated may vary depending on the embodiment
used and the specific processing provided. Accordingly, while the figures illustrate a bulbous
or umbrella-like shape for materials 20, 22, 122, other shapes that provide the overhang may
be possible.

[ 0023] The next step includes forming a spacer under overhang 40, 140. The spacer
may be formed on the structure of either embodiment above. However, FIGS. 6A-B and 7A-
B show only the embodiment of FIGS. 4A-B for brevity sake. In one embodiment for

forming a spacer, a spacer material 42 is conformally deposited, as shown in FIGS. 6A-B.
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WD 2004/ 059727 PCT/ US2002/ 040869 to overhang first
material 20 by conducting an oxi dation, e.g., at 800

wao 200988227 The differential oxidation rate beteENS2002/040869
mat eri al s generates a thicker oxide from second
material 22 of gate structure 24 relative to fin 14

and first material 20. The result i.s generation
Spmemmgl 7By &, 1oF axanuplediliconmitrids, siiigal oxidg @rd Gm %zaatwn thereof.

Fing lgs s cffiﬁ\%g és g‘]’\é tzle\ Pb%’cr%&; ﬁl?tgrlélt 4[2"1?% %gsﬂng a‘ﬁiﬂje&lfbnal reactive ion

etcﬁﬁl@gﬁ@)é%@wﬁﬁhtr&ﬂbvﬁwﬁdtbmgﬁemheﬁ @eeptiundet Q’verhang 40, 140 to form a
conductive | ower portion 32 thereof. The oxidation
spageiotess may al so cause thin oxide layers 34 (e.g.,

r oxi teI ten tj c 8 .
Lo O TR et R PR P HUREC TR B gy it
forl MBI %rﬁdvcanoﬁ&ald@mifrbmh@ kidesoOfin 14 (oxide Rutagisde t6f portion 30 if

gate sfructure 24. Oxide |ayer 34 allows for

dojpedgmdysilitanarsedforfremoviad ofikapx portipn hift. eokh%lglszn@omrg;atq stﬂlcfure 124

o5 S e 08 o, BP0 1 TS Wtamin

setfthlre%OIHQBE Ogee{'\/t)z @oplhg‘ teHoBrceARSin rSE6R R SBfEI4, %ble&t%?e silicon

I's provid step shown in FIGS. 2A- B) as an
grawra]theo Macﬂenrthv smlgcezldlfaﬁslegm1s 2Renal 14 eefmwng)rqmpﬁemmg eside and
t han I n.one enbod
forpbp it S e Gl ol Py e oG B G vithgpproprist
mewq&eﬁseﬁobalt silicide or tungsten, and second
mat er 122 is provided as a glass such as
[ 0025]0- phogmhmemting(ﬁma@|1a@,sshoﬁﬁ$@f1®$ WBphmhshed; iageomg other
glass (PSG. The step.o

thibgse P IRARFIIFRES 24rdLd Ffi%‘ll‘{%)a‘% rrrcAy s CRusu e P?fé%ﬁ 32,132 and
an %)ogﬁl%n% {og) Hort %(zr &géﬁﬁn 'ﬁteftreh?ﬁlé Jcl%%u% tHe%\k/%cﬁ‘ﬁgn and a

orm ang e thernm rocess may I ncl ue
spdcer 44 yaditibieed vndadt iop odionl 30a$30 bh@ts stountate 2ef £24 aljacant to

approxi mately 850C for approximtely 20 te {
colafu@ang igri<neting S onTob Prieen JaL 19 i Rere ona MARSHAL Ty frg oxide or

o B RS A o R B

de@ri%@&hb&@ 'y conductive | ower portion 132 ther eof . [
0022] Wth further regard to FIGS. 4A-B and 5A:-B, it
[Oﬁh@]ul d bén thequgripubdesetption; hgate stagies” ot Rddwagecn described as

1110(11|1] n% (ﬁéﬂ? %8,213 San'd lallé)'l\%rgrr&)trﬁgn g?,yl %Ay, sh%ﬁﬁle&q Qc%n%d,

however, that top portion 30, 130 may not ultimately form an operative or active part of the

actual gate used. For instance, at least a part of top portion 30, 130 and/or overhang 40, 140
may be removed to allow for contacts to be made to lower portion 32, 132 of gate structure
24, 124.

[ 0027] ‘While the invention has been described in conjunction with several preferred
embodiments, those skilled in the art will recognize that the invention can be praéticed in

various versions within the spirit and scope of the following claims.



25 used and the specific processing provided.
Accordingly, while the figures illustrate a bul bous
w@eoosornret | a-1i ke shape for materials 20, 22, BHRRUS2002/040869
ot her shapes that provide the overhang may be
possi ble. [ 0023] The next step includes formng a
spacer under overhang 40, 140. The spacer nay be
InflastniabApplitdtsligt r uct ure of either enbodi ment above.
However, FIGS. 6A-B and.7A-. 30. B show anly the .
[ 0BRB i et oRrieR s WAL STPIBE g Poc L A 24t OfpEInFET, andat
i f Elalet indtiP@cer material 42
R Gs, 6A B, 5
WD 2004/ 059727 PCT/ US2002/ 040869 Spacer nmaterial nay
be, for exanple, silicon nitride, silicon oxide or a
conbi nation thereof. Finally, as shown in FIGS. 7A-B,
spacer material 42 is etched using a directiona
reactive ion etching process which renoves materia
ever ywhere except under overhang 40, 140 to forma
spacer 44. 5 [ 0024] Finishing processing (not shown)
may follow This processing may include, for exanple,
renoval of oxide 34 fromthe sides of fin 14 (oxide
remains as top portion 30 if doped polysilicon used)
or renoval of top portion 130, i.e., the glass, from
gate structure 124 (if used). In the FinFET
application, final processing may include, for
exanple, inplanting to set threshold voltage (Vt),
dopi ng the source/drain regions 28 of fin 14,
selective silicon 10 gromh to wi den the source/drain
regions 28 on fin 14, renoving remnaining oxide and
formng cobalt-silicide (CoSi), conventional contact
processing, finishing with appropriate netal |evels,
etc. [ 0025] The resulting FinFET 100, shown in FIGS.
7A- 7B, includes, anong other 'things, a gate structure
24, 124 including an electrically conductive | ower
portion 32, 132 and 15 an overhanging top portion 30,
130, a fin 14 extending through the | ower portion, and
a spacer 44 positioned under top portion 30, 130 of
gate structure 24, 124 adjacent to
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conducting | ower portion 32, 132. Top portion 30, 130

is made of a material (e.g., oxide or glass) that is
walepdoiesert than the material (e.g., polysilicorPQT/U82002/040869

| ower portion 32, 132 as described above. 20 [ 0026]

In the previous description, "gate structure" 24, 124

has been described as including a top portion 30, 130
Claim$ a | ower portion 32, 132. It should be recognized,

however

1. for gxﬁthgts Zarta]io%ﬁg%os'bgé:eq Q4A§Ch)r %?1936 @%@Qt@w 1t2|4?%‘g% gpacer for at

'vecor~active pa actua

us eghosFR portidg tolA Gecondistrhetasd (12), pigd fetdbd comppsing itheenst&, of:
130 and/or overhang 40, 140 nmay be renoved to allow
for cont aepesiting bérshaagterieb(20ywer portion 32, 132 of

gate struycture 25 24 124 7 i . 1.

i nvent i on°H488 Bé%%ng&aé?rf%é#’ilggﬁ%%ef %cérlgtogrr]lgt\%n? h
several pfigs iRdis@iRefiréBBinSthe FiRQSAd Sdcbhd athtdriald; he

art will recognize that the invention can be practiced
in vari mekingths senosd wiatériah overbarg40; 14Q e Ssbpetesml; and
the follqow ng clains 30 & Vﬁ)2004/059727

PCT/ US20027858868RcCf (1) SpIsrdic ApRa®eani 1ity [ 0028]

The invention is useful for formng a spacer for a

gate of a FinFET, and at nost a portion of a fin _
2. Wi t Hhetmadiedd offdaital, wheadin ¢rd segottdwgruicture (17) Wonade of monocrystalline

2004/059727 / US2002 869  d ai 1. ‘A net.hod for
7 o AlliRgnand Sh arst paeyal ) & mpdese avepeil Ml THASE 1 bg)
and a spacer for at nobst a portion of a second

structure (14), the nethod conprising the steps of
3. dep@ietnhgtigodboff dlaiat 1, veteesin dhe e2@)d mbtefiol @2 )iy farnsacwnbl that the

material (22, 122) over first terial; .
second n(laterial has % faster ox}cgt%on rate tharrr?he érst material.

4. The method of claim 3, wherein the second material includes a dopant including at

least one of the group comprising: Arsenic, Germanium, Cesium, Argon and Flourine.

5. The method of claim 3, wherein the second material is a deposited polycrystalline

silicon-germanium alloy.

6. The method of claim 3, wherein the step of making includes oxidation to form the
overhang as a result of a differential oxidation rate of the second material (22) with

respect to the first material (20).

7. The method of claim 3, wherein the step of making includes forming oxide (34) on

sides of the first structure (24) and the second structure (14).

8. The method of claim 1, wherein the second material (122) has different thermal

reflow properties than the first material.
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formng the first structure fromthe first and second
materials; nmaking the second material overhang (40,
wazey/osdte7 first material; and formng a spacePCT/U&3002/040869
under the overhang. 10 2. The nmethod of claiml1,
wherein the second structure (14) is nade of
nonocrystalline silicon, and the firs terial
9.i's ribgancshodel §laipmy & tvearsinhesierp Aoyl (D) irehod %ﬁ%b and PSG.
claim1, wherein the second material (22) is fornmed
such that the second material has a faster oxidation
10r at hehaithédef dlhinss, windreinitied steplof dhakimf énditadel bdatfg the second
claim 3, wherein the second material includes a d%Pant
i ncmeadering teeausk disstecentemaieriglie reflow o Ewmdhe eyergang (40, 140).
Arseni c, Germanium Cesium Argon and Flourine. 5.
The nethod of claim3, wherein the second material is
118 demeshdtBed SOLINGT VSiiadréinfigs 26 6f formiiy-the E{&Bﬂ a) includes:
alloy. 6. The nethod of claim3, wherein the step of
meki ng i Mebesideg oxpager waisrield4Rberdt he overhang as a

result of,.a differenti oxidation rate of the ond
et ori al, 49850 e SO Rl P& SeaptlfBrERWermane a0
(20)140%5 7. The nethod of claim3, wherein the step of

maki ng” i ncl udes forming oxide (34) on sides of the ’
first structure (24) and the second structure (14). 8.

Th th f.claim1, wherein th terial .
12 1S AT 17 S B F I St RS TE b b gficon

t he Jfiiis bndei86h 8kide 8 WO 2004/ 059727 PCT/ US2002/ 040869

9. T i

e nethod of claim8, wherein the second nateri al
(122) is one of BPSG and PSG. 10. The nethod of claim

135 o MefRRLP] it b AISR (G L BB R drf it 4 and the second
ref ls@Wedit (195 [0 4 ALY BT 1060, 140) .
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5 11. The nethod of claim1, wherein the step of

formng the spacer (44) includes: depositing a spacer
woreaoensek7 (42); and directionally etching the BEEHUS2002/040869

materi al away except under the overhang (40, 140). 10

12. The nmethod of claim 11, wherein the spacer

mat eri al (42) is.,at least one of silicon nitride and

4si | i4 owthed feeforming argate pidheg (84, 12MFhand apsogipfed éIPar?e’E &é) for a

B R0 gL e ond e second s

2004/ 059 7R oA ASRARAAHAEHA (2Mhvera fimtolideb FioFET;
formng a gate structure (24, 124) and associ at ed

spacer (4aymifge sgcond; mfFfETal @hel 2% YRS A gD Matstiag whegein the second

A e g R s R PN

over the fgahiag MR dgdté abuctnB eritsitie ddlemarei@nshd the Redoddindterial;
has a faster oxidation rate than the gate material;

forning tdsédigiagéo eause dhaneeondmateritido gaedangmt4d) ihe gajpranaterial; and

the seco mat eri al ; ‘5 g tb cause the second

mat eri al PBYEE ARG THFPIeH g‘é&f MPaterial: and

form ng a spacer (44) under the overhang. 10 15. The

met hod of claim 14, wherein the fin (14) is nade of
15nonditreysethod ofhdaigi 14, cdrereinthe fith€l 4 &t readepefanorderysdling sjlicon and

pol y stallin |I|cn 16.. The. met hod of cl ai m 14,
vvheré? éatf’ﬁ‘é‘teg @a 1Hed X?W%tFH‘PEE@CP% a pol ycrystalline
silicon formed such that the second material has a

faster oxidation rate than the first material. 15
16.  The method of claim 14, wherein the second material (22) is a polycrystalline silicon

formed such that the second material has a faster oxidation rate than the first material.

17.  The method of claim 14, wherein the step of oxidizing also forms oxide (34) on sides

of the structure (14) and gate (24).
18.  The method of claim 14, wherein the step of forming the spacer (44) includes:

depositing a spacer material (42); and

etching the spacer material away except under the overhang (40).

10



17. The nmethod of claim 14, wherein the step of

oxidizing also forns oxide (34) on sides of the
wareosaTee (14) and gate (24). 18. The net hod PET/TEB0IV40869

14, wherein the step of form ng the spacer (44)

i ncludes: 20 depositing a spacer material (42); and

etching the spacer material away except under the
19.0vePhBingEC40mprismg: WO 2004/ 059727 PCT/ US2002/ 040869

19. A FinEET conpr.i $,ng- | I 4. 124 .
nol udi nd BaIF GReREs Fié‘a??‘i)q‘é‘%ﬁgﬁét%\%%ﬁ%y\%& Qé%dr“tc?lg%iower portion
(32(32132)) aithredvepve) iﬁgﬁ@%p@ﬁbﬁm@qm);on (30, 130); a

fin (14) extending through the |lower portion; and 5 a

spacer (44n (43 exteediegthupusiythe aver pprtpds 0bn of the

. | . 1 .
s Bnrer ofsere irheRS eyt oct RE @B iR R b Pyl Sacent o

I s pRdewef pemenof oxide and glass, and the | ower
portion (32, 132) is made of polycrystalline silicon.
10 21. The Fi nFET of claim19, wherein the spacer (44)

surrou e.l.oner parti.on (32 13 ortio qf
20 O SR i TR B BB o508, RIS i
and glass, and the lower portion (32, 132) is made of polycrystalline silicon.

10
21.  The FinFET of claim 19, wherein the spacer (44) surrounds the lower portion (32,

132) and portions of the fin (14) adjacent the gate (24, 124).
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