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FI' N STRUCTURE FORMATI ON BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention relates to the formation

wohosmsisenduct or devi ces. More particul arly, PO®BUS2007/000460

invention relates to the formati on of sem conduct or
devices with fin structures. [0002] In a
sem conduct or - based device (e.g., integrated circuits
or flat panel displays), fin structures nay be used in
vari ous devices. For exanple, a finPET is a MOSFET
built on a SO substrate on which silicon is etched
into a fin shaped BINPTRUCHAREFQORMATION gate is
wr apped around and over the fin structure. [0003]
Spacer |ithography may be one way of creating fins. In
one way of doi ng BACKGROVAID O THEIINWENTION provi ded
and then etched to formsacrificial structures )
c{@ﬂﬂb} el Trevmesesnt trventien Edated o be ﬁ?w%wﬁrquf@yaﬂf devices.
NGre argxc@lr nt%e'ix%\%gﬁ@ﬁ%l&ﬂeglt@ heSfB H 'icH{ @@senﬁ‘@o&t&tbr devices
acke P use orlzonta ayers of
Omnﬁ@hnnhmhawer The sacrificial structure is then
emoved to formfi struc The .t
{10802 hrmy 1B SEEFOIUGPH RS 5%%%’. REAREERe Rl &M pane

CAH12y4¥BLin sﬁ’M&ﬁrestrﬂ@ SOMEanh iveRahs dWit e Fos ekarapleMYinFET is a
require a hi nperature CVD. Such hlgh tenper tures

I O
O B E bl o BaIL s ko BIRTO AR 1 eg 1 B 2 hghaped body of
héh%ﬁra‘ﬁ?ﬂﬁ)?r a ggtg J‘Wa{p&‘)@m{ﬂ afouddRha %@&Sth%qngﬁr&%)’@nd a

devi ce er ma addition, if doping has
pro®espusl S’pahtéﬁhlthdgﬂl@hy ey tei gie w@nqnﬁaqrazumgeﬁmmylnme way of doing

detri ment, oped, are 0 In add

T acom eial v souaios 816G eEBOT P BEbP Brycuures. A
sasdtbh&l @V D! iaYiedn @ed td fdim Lfengbahdifaya oﬁ)&ﬁﬁmd m@ma&l the sacrificial
| ayer of silicon oxide would gFOVIde a |n of . silico

nstruqteres. Ansedely bagkdp aped @yrssh We horigpigh layPrataR seipgnal aver.
P ﬁ%( h&?lfﬁlﬁ%ﬁ?b&%&fﬁh ] A¥EIvel o Sl BARAXLER, THAARkness of the

er nor e orn1ng In structures with conformal CVD
pﬁﬁﬁ: anyde 19l moes laser 0$11‘<D‘Yldg gmhesw@h@nf@mtlgye@nthp lsanventional

profile of .the sacrifi structur

ﬁ:a{ d%‘tﬁ‘%" B8 TSRS élctv gt; telﬂ?e&%té“ v e ; ?Sclplltu%fl Aérﬁperatul es may
shi abiinsnealab lt}%sé‘nﬁl@md(@tdrld@aiccp Mokinigh wangethtosusey thee a
fin structure to tilt, cau3|ng potenﬁ#gl deF 1
pputsEemie sereyerd ¢4leyise timal BUfAGARIP vRiRg begpreviously

been done, the high temperature may be detrimental to the doped areas.

[0004] '~ In addition, such CVD fin processes are limited with regards to the
sacrificial layer and fin. Generally, a sacrificial layer of silicon oxide would provide a
fin of silicon nitride. A sacrificial layer of silicon nitride would provide a sacrificial
layer of silicon oxide.

[0005] Furthermo.re, forming fin structures with conformal CVD processes places
very stringent requirements on the profile of the sacrificial structures. The profile
angle would need to be very close to vertical. A slight deviation from vertical profile
would cause the fin structure to tilt, causing potential defect problems and CD

variations.

SUMMARY OF THE INVENTION

[0006] To achieve the foregoing and in accordance with the purpose of the present

invention, a method for forming fin structures is provided. Sacrificial structures are
. ; :
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[ 0006] To achieve the foregoing and in accordance with
t he purpose of the present invention, a nmethod for

woOaoomvosgishbi n structures is provided. Sacrifici &T/US2007/000460

structures are iprovided on a substrate. Fin
structures are fornmed on the sides of the sacrificial
structures. The formng of the fin structures
conprises a plurality of cycles, wherein each cycle
conprises a fin deposition phase and a fin profile

shapi_ng phase. The sacrifici al tructur? r enov
[ GODVifed on & sBesieate. niin i SFUSIERS 67 Igmedin ‘i’ﬁ\?éll’?ﬁ 06 H‘e %‘C”ﬁml
Lrn&qrgso frﬁe%fﬂuﬁ‘& oF (R Hh @!rhétﬁré@fco}{ﬁfrké§§bhfrﬁlﬂ? o?Ry&es, wherein
strate is provided. Sacrificial structures are
pre@o‘/h cede comphigessufvs depmisdionfihass andie finrmesfikrsbapiogmpbdse. The
t he sagr|f|0|al structures, conprising

of
SﬁrﬂgﬂﬁfnggFCEVEFbs 'Each cycle conprises a fin

d¢pemi]t | O PRARE, midifatidapdshd mvand o) arme@bd &, foanthgda plurality
fin profile shapi phase, which shapes the profile of

t 196 veRisakfipeen o |5Hb597ﬁff‘eltslpz§‘l""d% eS#qrificd shepuresirp REyaded on the
QUL RE ST A Aot B0ar@ (ARRRT hR T AL OLBH RGP PhATTR,
fromthe dep05|t|on gas, depositing deposit

rmbemmingta)plﬁaﬂtty bf cbs:lesarﬁiicmcapiplcnglptrhes f Iﬁowepbs1tlhre phase, which

gﬁg‘?ﬁl ésleagﬂbﬁ}ﬁﬁrkﬁ d! £ {:“ E’foqflfé s éﬂ ﬁhasga\gnx&ﬁfs hapes {he profile of the

-t kiapoditea fiematiiai. O'Dh@ﬂﬁ delﬁdﬂimlﬂghz&e RbapeBed profidiNea deposition

profile shaping gas, ?g g.the profile of the
déﬁbsfPf‘EH‘chelﬂégP? from Wé pesifion é‘ﬁsd d§?%’b’|"$@eﬁ%éloﬂ rggjerial to form

off ishgn PE8h ik u%élﬁ@wwth@&po;f%xsgagﬂrﬁe %@Aloﬁteréa%mgephase
PosD

is renoved. I n anot her mani festation of
i mmnsmproamlagaparcdilgsha‘mng goy drifferent thangthe demcmltecsl gas, forming a

%r&%&A}'xQProﬁ‘H@s ap111%galslsqgap1£]a{gg rof;l%rg%wé%%e[%)s%ed deposition

e pr £EPh
erméte:smr £nd &oppibg tiaflew D ppopio fﬂé‘)iha@ll@gﬂst IThg sacrificial structure is
substrate within the plasm processi ng chanber

eh®PB%¢fte, a pressure regul ator for regul ating the

pr[smr e iR af e PhaSitRRIAGTIR meﬁmmﬁrapsmhg%r Borming fin
| east one el ectrode for providing power to the

P |SH‘SH‘1§I‘€F§U® vexsdety 4 iplasberpresrskiogshember caustising aighamber wall
p as. inlet.for, providin as. n 1.9 the
prfg Hnig.a npggsc ﬁygcesy r?t(fhggql?re(re enclo 9 a subs rdtte suPpcfrlt ?orns%pportmg a

exhastedie ﬁ@th@tﬁ&lefﬁlﬂmd rhecq’)slsﬂrgrmaﬂibeﬁ a&ﬂbsﬂge Qhﬁmre regulator for
encl Qsure i s %)r ovid as source js in [

ui d
c SpgHaingthepr qsiu{qqlg tl@%gf}m f gfocessing @%@1@@@1&]@311& at least one

C RIREAoaE Sorprodilind pSiéH o |tl§é/§15s1ﬁ£ 9&@%@@ Hﬁ&ﬁber%n&lo@m e for
deposition gas source, and a fin profile shaping gas

ssupteminga plsmaot Bas injeg f@rdﬂpv@urpsamsyntfblﬂ?ﬁ @lsEL RTeCcesRi@g chamber
IR Cnd a gas outlet for exhaustin g gas from the plasma processing chamber

enclosure is provided. A gas source is in fluid connection with the gas inlet. The gas
source comprises a sacrificial layer etchant source, a fin deposition gas source, and a
fin profile shaping gas source. A controller is controllably connected to the gas source
and the at least one electrode. The controller comprises at least one processor and
computer readable media. The computer readable media comprises computer
readable code for providing sacrificial structures on the substrate, computer readable
code for forming fin structures on the sides of the sacrificial structures, comprising a
plurality of cycles, and computer readable code for removiﬁg the sacrificial structure.

The computer readable code for forming fin structures comprises computer readable
2
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and the at | east one electrode. The controller
conprises at | east one processor and conputer readable

word7as7iBhe conput er readabl e nedi a conpri ses eOWEISREIT/000460

readabl e code for providing sacrificial structures on

the substrate, conputer readable code for formng fin
structures on the sides of the sacrificial structures,
conprising a plurality of cycles, and conputer

readabl e code for renoving the sacrificial structure.
ThedL P Bdinkasiantie, §0deidsohnt struc

conpri ses con%u?gr Hé&da ecode fg?&%%o&C%CRBHgmeSa%%chpomnon
pPl#sgIWhigh éﬁp@}’té ladin mmemle icamgaisingepalptit@aspiabsesod for providing

f ion.ah s afin mteria
C%ﬁp}?&@@ng Csbﬁ%tﬁ gtr%r Feea%bg 8&?%&6([ %‘ﬂ’gﬁr%@ﬁ”ﬂ? ﬁ@mathc deposition
dgzp:osompmmr gmable@ﬂpwc&rdepsadag Hep&sRsish hQferiaPf, o% f% and

t he deg§5|t|on conput er readab ode

fro
f%"rma%&b’éﬁag%‘% CREpERE StaPEH S HRe &O“a@f the depostidn gas,, aaahd fin profile
CEAPLHAThak € aGadH .
d?ggSIgtqf (;’n as, ﬁlaﬁ&gﬁﬁpg&ﬁlé ?H%e@%ggﬁed I’m bhaé%réalm;ﬁnaﬂnsmg
strapriger read 1@f3‘i><lifef0®ﬁ3r<1m@mgeipnsﬁteexﬂxafamg g’iﬁtjﬁlﬁtra,ht, than the

C&%Eitéhgagﬁ%ﬁp & rez&;ﬁ%?eecrzoe fgf ﬂjd'ﬂf“?%é%i?g\é{?géf‘gpéhe pepdile shaping

Cgmpmmputee&ddiﬂﬂe CGMErfsﬂﬁplﬁ QB MBfife & ths Hépcfs‘itemdw&mon
comput er readabl e code f

shapi
s‘HStSF‘ﬁE ape) églﬁlpgﬁg Feadgblecrde &y, ﬁé@?m%ﬂ@ébb@ pf tlmrplof le shapmg gas.
nBoes| al , TiRAE 2Bt gagan r.sto
f|OMka t he gzoflle %%gglng gg?n%% %n¥ﬁyggpg%g&m“ged”lm°m
dtakat belawtipt defpilgddespripenof 1Ihn\levﬁnlt10h awll lih c®§unction with the

dsasHE if;nore detail belowin the detailed
escrfgfg%ﬁg%f the invention and in conjunction with

the followi ng figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0010 ; %nv%ntlon |s_|IIustrated

by way of exa

tfbe1d)i gurmes ;)@ésehhff‘lvé?tm qm(étlrﬁge 5)?%? g? e eztnép h%r\éép %ﬁ{g)y way of

Ilke reference nunerals refer to
i iicanin thediguresrifche acqompamhmghirb\eu@ls ahdl OB TikeDfeference

%ugkgggﬁgb}Fﬂ%Tgﬁyé %gghg n enbodi ment of the

i nventi on ¢ detailed flow chart

diﬁ’O]tlﬂe f 8I@ hé shighilévet Flaly GlabtusFtayBsess HPR 13y B GedSn an
emati c.cross-sectional and top views og

OE”B?Bé§§ SHVEDY di ng to an embodi ment of the
|[mmemt I OFIGIZDQ;%OFGI &talﬂed' f%\@ cﬁ%gp'gxtéa fgm\“&%\lgagnf cCial structures.

pl asma processi ng chambe hat may
bq(Héﬂ i ci HH:’ {shAFrare mhe@mtlc cross-sectional and top views of a stack

processed according to an embodiment of the invention.

[0014] FIG. 4 is a schematic view of a plasma processing chamber that may be

used in practicing the invention.
[0015] FIG.'s 5A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.

[0016] F1G. 6 is a more detailed flow of a step of fin formation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] ‘The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In

the following description, numerous specific details are set forth in order to provide a
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[0015] FIG's S5A-Billustrate a conputer system which
is suitable for inplenenting a controller used in

weonharchismsat s of the present invention. [001 6\ PEIBS2@7/000460

is a nore detailed flow of a step of fin formation
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

[0017] The present invention will now be described in
detail with reference to a few preferred enbodi ments
thereof as iIIustrated in the acconpanying draw ngs.

the foI descri ption, numer ecific

lrolffee! Gids PR S iR Ry ST o 3B G heotgrwever, to one
und Bed tramdiang ok tHd e sRhtibMRMtHeP actlded Witilo R 8ome or all of
apparent, however, to one skilled in the art, that the

pHhesesrecifinitilo rin@é@erbestmcgétwéhnwn PERRESS SRS mrd/aﬂ ftructures
Ofm\ter}ﬁﬁ BesPE&clibEd H?&é}g / $1 oldBr & xﬁkﬁ NiphBS s?g]rclx 8?8%"58 er present

known process steps and/or structures have
dewwentidrted in detail in order to not unnecessarily
T0 faC|I|tate

CRRTHLE oty B BRGNS Fag | dvebichTets! ot efit o process

phacess be hiatd [FRyh BAbsGEaknt Bf AB i SVEGSH M 8QL i BEial R?uctures are formed
|nvent|on Sacrificial structures are fornmed (step

! kF)P 1G)n Singrase fyprrdcorothe sidle of !ﬂ@i%sa?flﬁptaé sgagnicsi(siepll 08). FIG. 6
HﬁBI"ér &t 1(e§ltf?tﬂv +08) ]pf Elle(?om%tnlﬁ &Ie)tli'lg %tetoeytfle sacrlf%la]

car of t ormn I NS on
s%mmhfrrzmvahcls bomptlsﬂseis;;)luvdhiityc bf mﬂq:sc M&eﬁanae#dhwy@ld dcymﬁﬁ ses a fin

C erejn e cle conprises a depositi o
oS po Rl S =5 At BT Heb b (RS digsecrificial
GO8)ciurdheresagioivéd sted 1 BI)ructures are renoved (step

112). Exanple 1 |00J9] I.n an exanple of an enbodi nent

of the i MRled the sacrificial structures are

feored (sheR eg(gﬁﬁkat edtdite or%b%cﬁm@n{r@fr & %e%bogdthe S?CJ}%%?] structures

chart” of the i on e sacrl iclal struc ¢
Arg domed; (steal 108xyEIG.i &isfaonnmotie(t&itedmcﬁ@éhart bf fRe f3AnitSorfof the

tional view Q tack acrificial
SRSt R e e i L B BTE restliten el oF G 1€ crose-
| sayedital i 0 A8 s@Bk B0 SfifRdéatiGcladSer 30BfdMEdRRer a substrate 304.
%gtmeen the sacrificial layer 312 and the substrate

PF Off HOFhiaxers RUehpean HiaTisdinee layee3 omay e ebidangbmsacrificial
ey er12the hasidsiihi 4. 1RYS em f%eth% suBst }Aﬂttgggtl i %SIN)COH wafer.

assortnent of materials suc f1con n
pHstseeebist laysi inpy be ofrivdde é$loﬁm’)e,nt afmphaissucaraeicon nitride

TSI ol RO PSSR sy spet el ol Layer L.
Iragteriali sTtetsabefisil yer 1@f51lﬁb63,cax$1(N: i dther drhsbREn (S @6 sacrificial
-Il-aycn is gt'\least ione O?Sl(,S SlNa Si0C, H doped SiOC, TiN, TaN, Ti, Ta, Si, and
SiO2. More generally, the sacrificial layer is of any material, which may be
seleclively etched with respect to a fin material and any underlying layer.

[0020] A mask 314 is formed over the sacrificial layer 312 (step 208), as shown in
FIG. 3B. Features 316 are etched into the sacrificial layer 312 (step 212), as shown in
FIG. 3C. After etching features in the sacrificial layer, the i11ask 314 is removed (step .
216), as shown in FIG. 3D. It is preferred that the feature sides have a slightly re-
entrant profile so that the etched features are wider at the bottom than at the top to
give the resulting fin structure a slightly tapered profile. Preferably, the etched
features 316 have sides with a profile angle that is 89 to 95 degrees. Most preferably,

the profile angle of the sides of the etched features ranges from 90 to 93 degrees.
4
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Si 2. Mre generally, the sacrificial layer is of any
material, which may be selectively etched with respect

woeo@/BTrisomat eri al and any underlying | ayer. 1002@j52047/000460

mask 314 is formed over the sacrificial [ayer 312

(step 208), as shown in FIG 3B. Features 316 are

etched into the sacrificial |layer 312 (step 212), as

shown in FIG 3C After etching features in the

sacrificial layer, the mask 314 is reaned (step 2

1ﬁ)0.21 s Sﬁ&%2h rz]lrel,: foq;hleﬁ Qn tix{, 81|d§s Qf eesg%rne ?16 SitTUéuérBS formed by the

feature sides have a slightly reentran

t Frataining se@raffmall lagamrze(stean@swadehmah it FEGboE t om t han

f EF qﬁ glve the.resulting fin structure a
|y taperad SSPeprievien; faé?rﬁb?%?mgtqlilé"@@bﬁ@@that may be used
f@aﬂouneseﬁihﬁ tray glash@qiroddstifg @nAhedd 4 &ngé
8?0 40 95 degrees, I\/Bs?ﬁgrgfle%a 3} tdb pr rﬁ;ﬁetslgonf&“%“e“tﬂngs
-t’

38 UPPEedegifodertOde o dowser Gfl@émdr:éﬁ& %aggsemr&wm@@.na @n exhaust
Qé’lllﬂﬁgﬁ@.e? hE G4 % ¢ %ﬂrge Ei@l??xﬁér sezé‘r %PQS 10[n|0 nq@tshsgurscleqlel% and a fin

e sacri struc
r B hihegingagasisbincie a1 61 a’ylﬁf gz@]sBu(c‘étrﬁaDy é&ﬁﬁmseazﬁiw gas sources

[ 0022J a schematic view of

pgglggéiggp %E‘hcé“l gﬁglérrcelildgt? ﬁg?wwl%owééa‘frﬁ-‘ﬂ@]ﬂﬁyqrhe be done in

fditusin tffdna apd: SlsdTRb Y WU RASI Pk

confi. : rings 5 402, ‘gnnggggggﬁfgp og ﬁgq%ﬁeSUbﬂ”“e3O4
'B\R/B?‘ 181] ?9%@64@8” %%}é@eﬁ)ﬁr ddnedd@er alndtr@db «dhiadsiporates a

b 14 2Qbstiie conprise

deposi ti osrg gagﬁggﬁ]?ég@%g%f%ﬁgﬁ gn‘&ea ﬁ%tﬁ Inéecgﬁ%‘ﬁf”rﬁjamp”’g: or

dhs likelfor Bolling thetsebgiame 3041r The raytos WP42S BicadirkieonR upper
I as etch gas source 418 to al |l ow
B8 e B B ool o Be B lober albmison i ihe npper

' teﬂmtrgdﬂéOé:,l’iavdae Elecibd 408, Rh@ S ORI MNAGR 15! Qg0§ %%H’H? fhe conﬁned

subs e 304 Qis posi ti oned up
&9535‘1 g'émﬁéé %‘?@ 1 siiplicd It‘ééﬁrc@ﬂﬁnﬁiﬁ)sldsmommmabgshagas source

WD tabliCeaabsid 3t mpﬂgﬁi gﬁp l.tl]l%rvoiln’lé ?}ng &h {hg)copfpement rings

el ectrostatic, nechanica i ng,
(F andgn ekbaustbert battee Sthaustiheny ¢2@:t ArfltsORF%gﬁrce 444 i

per eI 404 di sposed
O St MR PR Sbng TGN Bpdo e b somes 448 i
pr@rcakl}/ ectnctrl Qe Idveelecabes in@denddBer @Qﬁs 452 surround the
SOJF ni gs, 402 deflne the confined 15 pla
HHE R &ngiaég i te dppg slesgrode 4%earmldhe ﬂm@‘ q@tcamaia 408. Both the
ﬁaslt mdmycdm ﬂﬁﬁth@@%&ﬁ féﬁQOLﬁQCg4J18§ m au?ﬁgglafi7%%];z power

confi ned Elasna vol unme t hrough the Con
oMY 2 MERpeyter porree.gyiffekmmnt emamlopu BPcddcti RF power to

frlefedctiBhe 9 Si b§44T | &Gt C PSR

upper el EC%I%% 464l tﬁ g%sgoor{&‘aﬁ}: g%‘ﬁfk‘gb Capgration's Dual Frequency
ehrasttivec@HG) %@mohﬁdh oL Ave RleSyaedh @b%ﬁtmmmrel1iollt
é%@@nﬁg yelks 452 surr.ound the 20 confinenent ring
407 T e LS p &P et eRser dn 8 PAiared Aarbe fiandns wé rheenmemtrcmd both the
ADBHBatd2 M@z power sources make up the second RF power source 448
connected to the lower electrode, and the upper electrode is grounded. 1n other
embodiments, the RF power source may have a frequency up to 300 MHz. A
controller 435 is controllably connected to the RF sources 444, 448, exhaust pump
420, and the gas source 410.
[0023] FIG.’S 5A and 5B illustrate a computer system 1300, which is suitable for
implementing a controller 435 used in embodiments of the present invention. FIG.
5A shows one possible physical form of the computer system. Of course, the
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first RF source 444 and the second RF source 448 may
conprise a 27 MHz power source and a 2 Mz power

weaw7ns715Di f f erent conbi nati ons of connecting RETAS2H7/000460

to the electrode are possible. Tn the case of Lam
Research Corporation's Dual Frequency Capacitive (DFC)
System made by LAM Research Corporation(tm of
Fremont, 25 California, which may be used in a
preferred enbodi nent of the invention, both the 27 Mz

QWer _sour ces ke. up.the second RF power
B R R N R T S o e e e it qaneted circuit,

uppetedelrecit boald, bsd el daddhdid detibetp w’a%@g@@ﬁﬂémﬁﬁ%ter
wer source may have a frequency up to

cGHF PYFgr Systamst 309 ‘E%‘Hf‘?soar MgBityr Efitnadispdest B3 @4 e hRBsing 1306, a
St
s@idk e e444s, é‘l@r%'s]oﬁ?ér%{ Sar%%ggngg%égp% A H}g ga computer-

source 410. | ustrat
éﬂ%&@ﬂemd@@anaﬁn dain fosanglUfrdmbbmptitar system 1300.

nt controller 4 used i n enmbodi nents of
Lﬂh&ﬁ[ﬂés eﬂFH] |5;1ﬁve |66(ﬁmp% Z@ﬂd% ﬁlﬁ‘\%ﬁa”& ¥ GEYtey fystem 1300.
ph}ﬁﬁd:ltmﬂ tofs@$temnWust 1320 GO APHAE V arfis Bﬁmbsgteﬁ)@ u rP?@cessor(s) 1322 (also
th %%%guter system may have many physi cal forns

toras GRMAH RrAtsgngLesreRiVe), aracouled sustorage dievices,
bﬂ@fu@lm@ﬂ@xr%rﬁ 594, lbf'i‘:ﬂ{y?? lI ?_%Zgg%hncf dtoﬁl Qcc%ls’lsglt%gﬁi%?y ERAM) and

onput er. mput er system es a noni
1@9Q—onby @pg}@hagR@MM AsaishvalskmgviliBGe ag, HIOM adfsit¥ €ransfer data and

bqa 13 0 k 1314
A e NP R TR TS0 B P oo

f arrmim1 sumuqmme lin 8 psdesetlcHi0mahf82 HotlrbEitheaBiypes 3P memorn es may
k di agram for conputer system 1300.

f |
AR énY puiele SEtbeisasuruerisble mpde desmimcypebiv. A fixed disk
Slm}@h%%ouﬁ%@%@@%&éﬁall}%@%ggﬁ ??Zértegr%(/[d%g égmonal data storage

central processi ng units cou
SPBRE HeadieVpy Blso "Ilﬂéflift.l@hw thEnmmyu&B%hdaMBn’ﬁédﬁa HBé’cﬁxbed below.

YRR 1aROR GRS, TEIRLCEAM AN RGN e

tSIGGmEfaey stdedga thHumr(sﬁd‘tmsta 1008 disR) tight Eﬁsﬂ&izv@ﬁﬁh'alﬂbntn%ry storage. It
CPU and e?ﬁ&g%m plcally to transfer data and

AT AR Péﬁalneﬁdﬁﬁév fixge ekl 26iTos in
ta)bp&ﬁ;rﬁfe CRBY bk Qﬁcd@é{raté&q}l NdQA %Hi)xtn b L%\t % e I(}lod?' dp memory

uter-readable medi a descrlbe
1@% iRemgvablechislpl Bt by tikedlt faymadfl anytaf (0PLbhBRRY-réddable

Qi desadditj,gnal data storage capacity and nay al so
|nc ude gn %Pogﬂe conput er -readabl e nedi a descri bed

(2122301} FlC)Péﬂ 13236 Al6oupieyl the wisied) 6ﬂ1n§ﬁl%lﬂp@trd&'ﬁ@§53uch as
O, P A e P B e e,

A n/optputdeyics hfyadeny!df: video displays, track balls, mice, keyboards,
microphones, touch-sensitive displays, transducer card readers, magnetic or paper tape
readers, tablets, styluses, voice or handwriting recognizers, biometrics readers, or
other computers. CPU 1322 optionally may be coupled to another computer or
telecommunications network using network interface 1340. With such a network
interface, it is contemplated that the CPU might receive information from the network,
or might output information to the network in the course of performing the above-
described method steps. Furthermore, method embodiments of the present invention
may execute solely upon CPU 1322 or may execute over a network such as the

Internet in conjunction with a remote CPU that shares a portion of the processing.
6
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wi ||l be appreciated that the information retained
within fixed disk 1326 nmay, in appropriate cases, be

woneavogorsat ed i n standard fashion as virtual nMeODAUL200M/000460

menory 1324. Renovabl e di sk 1314 may take the form of
any of the conputer-readabl e nedia described bel ow.
[0025] CPU 1322 is also coupled to a variety of

i nput/ out put devices, such as display 1304, keyboard
1310, nouse 1312, and speakers 1330. In general, an

TR ot oo, S e e P e B S et o
t eotfipnteLiBtdce \pRodlictPh Al & cohfpaRy FUEBIb I CRAEGiuhe A hive computer code
magnetic or paper tape readers, tablets, styluses,
vEICEONIPT REHRRRRINE IVATO erasaRiiteieimp cbried tprsions dtfer media and
0 ' I oupl ed
5RO Eh R RBa i BosEEpechin bR AR b IRERR PR Sitposes of
udierrgeseet im}ektiq)m toe tHeyapa i BeAOf theikid &4lt iknawneindeivkilable to those
iﬂ%ﬁﬁiaﬁﬁv it 1s contenplated that the CPU m ght

aig &P D HEATRHCT T8 AR AR S ABHNCS S ComRIHEr-Bud#hle media

rec

. | Imkhidepbutaite het iRed & Wddteli & ndclf GRHLS Garf di@l@{ff{?%g% Qkks, and

the abovedescribed nmethod steps. Furthernore, netho

SMBB FEAPS apticeliaedip sudnas CRvR@Msmndrimjogmpligtdevices; magneto-
S LY r: JRy, exe oyer a network .
sﬁ%ﬁlqayé? e ulgﬁtg & ?ﬁéﬁcﬁﬁrﬁl léc%h?n%%#?%ﬁrewetv 1% Ha 3hs wPeeislly

t ¢rantfi gohat tosstere pod ek erutoproghen pods asst agaffidafidn-kpecific integrated

L e T
cBxgiples of eapideecsRAhsingé Aakhihad\eds BN LE fnl'&f?l@l,gd b)é a compiler,
e

ther;on for, perform ng various conputer-inplenent

oK fales sptaintpghigher 15V elifade Sinp atectxegwigd biecdreputhosseng an

Sneg - t ses .of
SR AT, 0 ERTRod  BPTRR
keeawtemndhtavighblamh o dial inhoseritravivgargkieptesenting Hgequence of

C er ftware a ... Exanpl es of conputer-readable
rrlgtgj‘@g&]loﬁcs:lﬁﬁa e %letc"{glfg% ot p'ir;r’lg?ﬁsf”éd to: magnetic media

sfoon7jas MRIGd 645 & kfore HEQPBY fidivsdnart GHIRe FEMHIGE Fifs bARSS side of the
%%%%é?% medi a such as CD-ROVs and hol ogr aphi ¢ devi ces;

SbPtytaes e a comersH®s RINERILY eheycdsss kiereangach cycle
ha € adBVALRSiti ' ' 9
R e )
dfp?3icat ifapfesabdyithe Snidepegtian pliasei(step604) (sRSE@position gas

: l.e | ogic.devices,.(PL an and RAM
Fon BT R East B 5 SHnRERS SEbHe PMERGHE ShEdHnRHon of CHAE and
dégder, Cdyair G, P @dUgEdviktyaogiaimhg 6f redadidgfaili®S e such as
ggﬂ%alnln. hi gher | evel code that are executed b

RHeBr MBRY OF RS AR GHBICT SESARUETERS HeatnBie Kredeate. More
nRYiel150the R1cFOFNM Bhs SRSk 3NRM:hed s Iﬂydl%carbon, fluorocarbon, and
hydrofluorocarbon, silane or any Si-containing gases. More preferably, the deposition
gas further comprises a carrier gas, such as argon or xenon. More preferably, the
deposition gas further comprises at least one of an oxidizing additive and a reducing
additive, such as Oy, H,, or NH;.

[0029] An example of a fin deposition phase (step 604) provides a flow of 150
sccm CH3F, 75 sccm Ny, and 100 sccm Ar. The pressure is set to 80 mTorr. The
substrate is maintained at a temperature of 20° C. The second RF source 448 provides

400 Watts at a frequency of 27 MHz and 0 Watts a ffequency of 2 MHz. During the
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conmput er data signal enbodied in a carrier wave and
representing a sequence of instructions that are

weoxernosaisbe by a processor. | 0027 FIG 6 is arPawaus2007/000460

detailed flow chart of the form ng fins on the side of
the sacrificial structures, which conprises a
plurality of cycles, wherein each cycle conprises a
fin deposition phase (step 604) and a fin profile
shapi ng phase (step 608). [0028] Preferably, the fin

d [,f1 0 hase, ( st. 604) use. eposi tion gas

o3 e e B R 251 = PP B Forp b oTCss diansformed int
o# psmanididich aife dposildh ARk dogedXFy or CxHyF or

Cﬁﬁg wi th_an oxidizing or reducing additive such as
ndP8hen, Pisfariyetie ferprakipgdapingsiresarses e prafils ebasug bas

aSorhrisiAg at M&st!ne o€, L1 fnd Mfr SN Ald ¢‘}ﬁ;ﬂ]d$ Moepsterably, the

deposition gas conprises at feast ohe o
f profiogrpbhegasdndhérycdngfrisaon ogmicbgas, sstl aN&gdh oRRY¥non. More

[ - tai nin ases.. More eferably, .t he deposition
BreRPg B PR3 uind B SaPieLromaudes cidsharan b o izing
xahidive M Sradueingladbliive, Lk o4 @9?}!}}&&@1{9@%&%&“5&1&]‘3 groﬁle

ggggrises,at_least one of an oxidizing additive
rEdREHEs atidittersnd thap thp dgrostipon g, O NH3. [ 0029 An

a8l e q | EL en .604) ovi des
PO of 1 S5 aB RS A b AR AR (25 0BLEieRE o hatogen
The @m@m brominesgtlotine)0ntdicng hydioearboh hag,adueh s 100 sccm CFy.
i [ a tenperature of, 20 C. The second RF
A dﬁ%%kﬁ'f?glep‘rcﬁr% &% g“\‘ﬁa?‘f’%“*&% dyripg gemrﬁ@ﬁ drapmg. Mpressure
arf@00mWMatrtis peovid@idane ¥hahibet. Wz sed3Hid 0 sbHRERE$I44i8 500
R&ase thggdep05|t|on as i s provided, the deposition
g

atts 8t 3 fragangy 9Ed 7 MiHs and B Wakma figauendyenrf 2 Mélz. During the

POk shhpit g PhSsd ~ ] f | he,fi.n ,
Sfofi e @hgg’?né st 3’5‘2”“83@?1%98?%%??%‘%%‘%3?%@09@% Shaping gas is
devipiorgicd gntata plassa, aod éhaf thEpFyfilanbapifs aadisGrdppeand C

\Yeo} referabl the profile. shapin as further
Ig%(lrfr%zrli s egﬁ %fe{:ag)ﬁ it p'é 5eS 18 B%ﬁoré%edat;olj gﬁ “fﬂeg%gtﬁ&ﬁ) CYtsise More
prefembabltlys pitodessis péifbien&eddivbeh 9@ 10 BidIBe TROBRLbSESon of

t least o eﬁﬁf an oxidi zing additive and a reducing
Saep T vRand tralils Shapne Rper agiurei, o clesadlonitor tedormation of
Refdal Sasham re tﬂ@ﬁné.sPr@fe;rgltﬂk,:t%% iv%chrﬂg%iﬁgngﬁﬁé’r%!sﬁd Whlls that

as. [0031 ] An exanple o shapin
%msg aoitamdp t@DBekppnaigle betwdral 39§ en 939 with the betdmef the fins.

' ; ,ne);: cont ai ni ng h ocar bon s,, such as
%@éﬂsﬁﬁ@g& .Wl{hna %l}%%gly g;—gﬂf&%pf@% qngthe sacr @l sé%tures, a
priovietiechlighstighgy tdperedrfaf sthetsBapiorhedA pressure of 20

ﬁ%@ﬁr isTBrovideg t? t he chanber. The second RF source
'!)r %gy(‘éb:@ cycle may have additional deposition and/or shaping phases or

ovi
may have other additional phases for the formation of the fins.
[0034] The sacrificial structures are then removed (step 112), leaving the

remaining fins 324 as shown in FIG. 3F.

Example 2
[0035] In another example, the formation of a sacrificial structures 104, a
photoresist mask itself may be used as a sacrificial structure, so that an additional

sacrificial layer is not used.

[0036] In both examples, additional conventional processing steps are provided to
form finFETs out of the fins.



Watts at a frequency of 27 Mz and O Watts a frequency

of 2 MHz. During the profile shaping phase the profile
wehapiosyisgas i s provided, the profile shaping gas/us3007/000460

transforned into a plasma, and then the profile

shaping gas is stopped. [0032] Preferably, the process

is perfornmed for between 2 to 20 cycles. Mire

preferably, the process is perforned between 3 to 10

cycles The conbi nation of deposition and profile

g C Iloms for .the

f or na '7!1 i ogygé ‘“3’8{;?{ \Végocééé mv‘ﬁ?‘(ssh?%? YHusimgderials such as

Paleﬁem@bls yarbbh,eam@ﬂphb@s’ﬂél lisdr] etoh DXL aftd 9808 |n§trth at
ﬁ@ngOtt to top nmake an angle bet ween 87 to W th

t “t“ﬁé“‘fq“ﬁ@“ hop Beencdassiihediingietrhs af selwegamprqfened

r enB&difRits, Bt ldlleealt‘%&tfolﬂg M8GHG ﬂl&l{s t)er%g et ures

symetrically slightly tapere 3 rué#mwgmr§"dva“°us
f Bibsate f%S@FnWh‘ehwydhlul mﬂlmcgmsl %omyf théy/igrvagehd, 1 e8Rduld also be

/ ey have ot her

0 ok BB AL Bl P PR Rt G e The mthods and

[ @padituskl efslm:psneﬁem irdlen§bM. URLY ﬂﬁ:%effafeeintehggd ‘El%’t“ﬂﬁ eI%llowmg
I NS as s In

IeaV|ng t he renainin
ﬁp@epﬁém wterPretrykes] in¢lyd gl huich ektarapices, ltldﬂdiﬁcatlons
f sorAmtdt s Ofnday ,
pﬁfﬁ)t or esi st r?asﬁ%g buBs?lhﬁle e&lk;(efglﬁéé §§asl]'5wlglé F‘]ef‘ﬂb‘% sé)lxrll and scope
tiijie prssent igventioat an addltlonal sacrificial layer is
not used. [0036] In both exanples, additiona
conventional processing steps are provided to form
fi nFETs out of the fins.[0037J The inventive process
provides fins of various materials such as anorphous
car bon, anorphous silicon, silicon oxide, and silicon
nitride. 10038 ) Wiile this invention has been
described in terns of several preferred enbodi nents,
there are alterations, nodifications, pernutations,
and various substitute equivalents, which fall within
the scope of this invention. It should al so be noted
that there are many alternative ways of inplenenting
t he net hods and apparatuses of the present invention.
It is therefore intended that the foll ow ng appended
clains be interpreted as including all such
alterations, nodifications, pernutations, and various
substitute equivalents as fall within the true spirit
and scope of the present invention. CLAI M5
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What is claimed is: 1. A nethod, conprising: providing
sacrificial structures on a substrate; formng fin

wotowasmses on sides of the sacrificial structBCEAS2007/000460

conprising a plurality of cycles, wherein each cycle
conprises: a fin deposition phase; and a fin profile
shapi ng phase; and renoving the sacrificial structure.
2. The method, as recited in claiml, wherein the fin
deposi ti on phase conprises: providing a deposition

gas; formng a plasm fromt eposi tion gas;
depositing a deposition mat e&ié%om the plasma to
f oyiatfid elgsmand: st oppi ng the flow of the deposition

gas. 3. The nethod, as recited in any of clains 1-2,
\M11er ei A M¥sEhoR; porpPEsinge shapi ng phase conpri ses:

br ovi dpndidind'sali4 Gariifil % 882 ihgrent than the

deposition gds; formng a asma TTom t he profile
Shapl n@orgasg fmfm;nucngespcmoildése@f thé sidpificitapasatuess, comprising a

terlal d stopping the flow of f he
p?lglf‘?] R gﬁ’é‘ga §hsEehn eﬂ&] i\e P&ES: as recited in any
of claims 2a3in WiRIsRIoK pHag:;dgROSI tion gas conprises at
| east one of a hydrocarbon, fl uorocarbon,

hydr of i uor o@dibenefileshaping phese 2adsi - cont ai ni ng gases
and thﬁerp(g\qfégltﬁe S%ggﬂg(aggfgﬁur%onprl ses at |east one of

The nethod, as recited
|2} anyTbe mﬁltlmdms tecdted whnelagn i, tvherein thesfin degoditRm gHa¥e comprises:
vertic si-dewa % 6. The nethod, as recited in any
of cla rov’ g 2 AZRAFUDM B8he provi di ng sacri fi ci al

struct ﬂfrﬁﬁn@@msnﬁefhﬁ@lﬁmaﬁ)sﬂmﬂfg&or esi st mask over
the substrate, wherejn the photoresist mask forns the

sacri f feROSIINGa drposition, materigt{gpormghipldsmado farni fied aind
any Of‘steb@ihgﬁhelﬂéw ML G RHIG g%.ov'_.d' ng sacrificial

3. The method, as recited in any of claims 1-2, wherein the fin profile shaping
phase comprises:

providing a profile shaping gas different than the deposition gas;

forming a plasma from the profile shaping gas;

shaping profiles of the deposited deposition material; and

stopping the flow of the profile shaping gas.
4. The method, as recited in any of claims 2-3, wherein the deposition gas
comprises at least one of a hydrocarbon, fluorocarbon, hydrofluorocarbon, silane, and
a Si-containing gases and the profile shaping gas comprises at least one of CF,, NF;,
C«Hyand C,H,F,.
S. The method, as recited in any of claims 1-4, wherein the fin structures have
vertical sidewalls. -
6. The method, as recited in any of claims 1-5, wherein the providing sacrificial
structures comprises forming a photoresist mask over the substrate, wherein the
photoresist mask forms the sacrificial structures. |
7. The method, as recited in any of claims 1-5, wherein the providing sacrificial
structures comprises:

forming a sacrificial layer over the substrate,

forming a mask over the substrate;

10
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structures conprises: formng a sacrificial |ayer over
the substrate, formng a mask over the substrate;

webadTiosgisbeat ures into the sacrificial |ayer tRCOWSR07/000460

t he mask; and renoving the mask. 8. The nethod, as
recited in claim?7, wherein the mask is a photoresi st
mask. 9. A device fornmed by the nethod of any of

claims 1-8. 10. A nethod for formng a plurality of
vertical fins on a substrate, conprising: providing
sacri fiygly r e the substrate. formng fin
struct Sgdegl go%td{sulgg elg Eo&he? Ecentgcé%lflflﬁréﬁrﬁ”gglﬂ?%’if‘laﬁlf;é’é‘fi

conpr i s¢mgviagphaimakk.t y of cycles, wherein each cycle
conprises: a, fin deposition phase which deposits a fin
it eri Qfﬁ}" ‘%%H‘bfﬁ’iaéirﬁfg@%? 61 8 T harede Hissnestols agaiwioresist mask.
for m ng. devaaiel b3Thd hiRuflaRAThY b2BLARS 1 dleposi i ng
deposition material "to form fins; and’'s oppi ng the

f Fh w ofpA {ﬂ*ﬁ@oelefpbﬁirmlﬁma ghs?l_lti‘s{wﬁv%artfciahﬁgs’oﬁ h!sﬁb%ﬂl?@icﬁﬁprising:
phase > . ofile.o e deposite in

mat er i W&@Bﬁg?&? cﬁél: S%ﬁ'reg*\ﬁsaﬁfnnté‘egu%;@f?’l e shapi ng gas

di f f er énmingén strhetudepnsdiiiésst igasacrifRidNisidc@rdd 85HBrising a
frloxpg1 t he Frgfl'l shaplqurg‘;Ic %&?; shaping the -profil e of

t PIETAEN G PYSIEF SIS EER CRyeyiia cammaIses:and st oppi ng t he
flow of the aETdddositoRHR 0w HRS: ERRYLRG e o ine:
sacrificial st rugt ulr_e: Eb?ll. The r%?ﬁ%td?,ag}g}é{rag%ﬁl’e%)nm{'smg'
cl ai m 10, wher ei previdingepdsposition gges conpri ses at

| east one of a h rhon, fluorocarbon,

hydr of | uor ocar boﬁ?ﬁ]g:l}l gﬁag?s%an%oxg t%F gS?ﬂséql?ﬂ %Y gases
and the profile slhgmiﬁ@@qmsttmmh' ira]t‘éﬂﬁl ta:]fogﬁél’mts; HNE Ofd
CxFy, NF3, CxHy anpnd C HyFz. 12, The nethod, as recite
inclaim10-1 1 \ﬁ}?@pg}g:%?fﬁ@%?fﬁhgfipmtmrégashg%

vertical sidemairbale shaping phase which shapes the profile of the deposited fin

material, comprising:

providing a profile shaping gas different than the deposition

gas;
forming a plasma from the profile shaping gas;
shaping the profile of the deposited deposition material; and
stopping the flow of the profile shaping gas; and
removing the sacrificial structure.
11. "The method, as recited in claim 10, wherein the deposition gas comprises at

least one of a hydrocarbon, fluorocarbon, hydrofluorocarbon, silane, and a Si-

containing gases and the profile shaping gas comprises at least one of CyFy, NF3, C,H,
and CH,F,.

12. The method, as recited in claim 10-11, wherein the fin structures have vertical
sidewalls.
13. The method, as recited in claim 10-12, wherein the providing sacrificial

structures comprises forming a photoresist mask over the substrate, wherein the

photoresist mask forms the sacrificial structures.

14. The method, as recited in claim 10-12, wherein the providing sacrificial
structures comprises:
forming a sacrificial layer over the substrate,

11
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13. The nmethod, as recited in claim10-12, wherein the
provi ding sacrificial structures conprises formng a

wohot7oseisp st mask over the substrate, wherei n POEUS2007/000460

phot oresi st mask forns the sacrificial structures. 14.
The nmethod, as recited in claim10-1 2, wherein the
provi ding sacrificial structures conprises: formng a
sacrificial |ayer over the substrate,form ng a nask
over the substrate etching features into the
sacrifig.ci al ﬁgr thr gh.the mask; and renoving the

mask. 1o ’I‘*ﬁé'1 O bessupét‘iﬁ"tﬁed in claim14, wherein

t he naskchisg faphed mtceﬁie%ﬁcdmﬁkl layt- thh g ARRAHAL IS, for
formng fin structures, conprising: a plasma

pr oces§?‘ﬂ@"’é‘ﬂé%é\as}<con'pr| sing: a chanber wall formng
a1 Pl as e REARES HsNeiAANRES 191'210 LoSHLS [t}heamast%q%sétar arg?g%gsist mask.

support for supporting a su stfate W
pt@ces gimapperrndanr femcingSiurstructurpy, essiprigingegul at or f or
regulatln t he Eressure in the QJasna processi ng

chanbef PERRILRQF essiTig chagber, CGRPISINECt r ode f or

provi di ng povéaniber Waf BARER ﬂ)ﬁﬁﬁ@ﬁ@c@&u@‘ﬁ{m%ﬂ enclosure;
encl osure for sustaining a plasm; a gas inlet for

provi di ng g&SUPHIYE SHRPQS! %WM@%Q@MFE@]&’NJBT the plasma

E,%Icgsgg{gechaq%r en@o8@s; outl et for exhausting gas from
e plasima processing chanber enclosure; a gas source

in fluid comnﬁctsumwregutamrtfh:erega&nngItl&t prefan i thiepldsnea

sacc:)cessm Cﬁ“ ]ba er 1etchant source; a fin deposition gas
aree SHnd e FAC'BFEFi | e shapi ng gas source; a

control | er Qofﬁaﬁmlteagl’édfro@@%i?ﬁﬁeﬂ APLpd & Bake SANKG o
?qd the at | east one el ectrode Céﬂ%ll?l si ng: e? eagnocessm

@ntp{eéggglggfre fgpgpstaining a plasma

a gas inlet for providing gas into the plasma processing chamber

enclosure; and '
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising;
a sacrificial layer etchant source;
a fin deposition gas source; and
a fin profile shaping gas source;
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and
computer readable media comprising;:
computer readable code for providing sacrificial structures on
the substrate;
computer readable code for forming fin structures on sides of
the sacrificial structures, comprising a plurality of cycles, wherein each cycle
comprises:
a fin deposition phase which deposits a fin material,
comprising;:

computer readable code for providing a
12
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conmput er readabl e nedia conprising: conputer readable
code for providing sacrificial structures on the

weubsnosaise; conputer readabl e code for fornm ngPETMS2007/000460

structures on sides of the sacrificial structures,
conprising a plurality of cycles wherein each cycle
conprises: a fin deposition phase which deposits a fin

mat eri al, conprising: conputer readable code for

provi di ng adeposition gas; conputer readable code for
formng a plasma fromthe deposition gas; conputer
ré@&&ﬁ%ﬁ‘%@de for depositing deposition material to
formfins; and conputer rea I i ng: the

fl ow of the deposition gas;ggﬁg@gggﬁﬁdgggfﬁ%gﬂgﬁggpﬁi%pbs”m
plrasethaideppsitibmges the profile of the deposited fin

mat eri al , - conprising: conputer readahl.e code.fo .
providing a profile shapingcﬂgguﬁ{F?gﬁﬁﬁfogﬁgﬁw%ﬁ8““"g
depasitidromageia) tocfoputliel aidadabl e code for formng a
plasma fromthe profile shaping gas; conputer readable
code for shaping the profil €BPUFhEAdaYESPHREor stopping the flow of

depas,biigdn Bt efmgal ; and conputer readabl e code for
stopping the flow of the profile shaping gas; and

" conput er readabl e codea fioprefeleshiapigs pheseswbichfshapealthe profile of

Smel{f:eﬁyggi?ed fin material, comprising;:

computer readable code for providing a profile
shaping gas different than the deposition gas;

computer readable code for forming a plasma
from the profile shaping gas;

computer readable code for shaping the profile
of the deposited deposition material; and

computer readable code for stopping the flow of
the profile shaping gas; and

computer readable code for removing the sacrificial

structure.
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