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flui d-based conpositions useful in sem conductor
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The mechani cal conponents on a MEMS wafer are created

by depositing sacrificial and structural |layers onto a
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sacrificial layer relative to the structural |ayer,
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have been proposed, including wet etching with
beam or a lever. A major problem with fabricating MEMS structures is that as aqueous based

etching of the sacrificial layer proceeds, stiction may occur, wherein the surface adhesion forces are
higher than the mechanical restoring force of the microstructure. In effect, the microstructure bends
down toward the substrate and sticks to it, generally permanently. Proposed causes of stiction
include; van der Waals forces, hydrogen bridging and/or electrostatic aftractions between the
microstructure and the substrate, surface tension forces generated from diminishing liquid menisci

trapped in the etched space, and etch by-products precipitating out of solution during drying steps.
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SUMMARY OF THE INVENTION

[0007] The present invention relates to supercritical fluid-based compositions useful in
semiconductor manufacturing for the etching of sacrificial silicon-containing layers from
semiconductor substrates, and methods of using such compositions for removal of same.

[0008] Further, the present invention relates to supercritical fluid-based compositions useful in
semiconductor manufacturing for the removal of post-ash and post-etch residue from semiconductor

surfaces, and methods of using such compositions for removal of same.



surfaces, and nethods of using such conpositions for
renoval of sane.[0009] In one aspect, the invention
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control sanple in Figure 1 after the sacrificial
silicon oxide |ayer was etched with a SCF-based
et chi ng conposition of the present invention,
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microstructure.

[0014] Figure 3 is a control sample before SCF-based etching composition processing
including a silicon substrate, a 100 nm thick silicon oxide film on the substrate and a 100 nm thick
polysilicon film on the oxide.

[0015] Figure 4 is the control sample in Figure 3 after the sacrificial silicon oxide layer was
etched with a SCF-based etching composition of the present invention, illustrating a free standing
microstructure.

[0016] Figure 5 is a sample etched with a SCF-based etching composition of the present

invention, illustrating a free standing microstructure.



invention, illustrating a free standi ng
m crostructure. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
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not solubilize many polar species, including ionic etchant species comprising fluoride or inorganic

salts and polar organic compounds that are present in many post-etch and post-ash residues. The
non-polar character of SCCO, thus poses an impediment to its use for etching sacrificial layers and
the subsequent cleaning of wafer surfaces of contaminant residues.

[0021] The present invention, however, is based on the discovery that disadvantages associated
with the non-polarity of SCCO, and other SCFs can be overcome by appropriate formulation of
SCF-based etching compositions with additives as hereinafter more fully described, and the

accompanying discovery that etching a sacrificial silicon-containing layer with a SCF-based
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the art without undue effort.

[0025] The co-solvent used in the SCF-based etching composition is preferably an alcohol. In
one embodiment of the invention, such alcohol includes a straight-chain or branched C;-Cs alcohol
(i.e., methanol, ethanol, isopropanol, etc.), or a mixture of two or more of such alcohol species. Ina
preferred embodiment, the alcohol is methanol or isopropanol (IPA).

[0026] Prior art silicon oxide and silicon nitride etching compositions contain the etchant HF,
which dissociates in water to form the etchant species F *, HoF ~and H,F,. However, in a CO, rich
environment, the jonization of HF to form etchant species does not readily occur because the water

reacts with the CO, (to form carbonic acid (H,CO;)) or is removed by the alcohol co-solvent.



[ 0025] The co-sol vent used in the SCF-based etching
conposition is preferably an al cohol. In one
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[mﬂﬂ)e Ofs §ié6NhakiGNxideRAE isliSon difide ciolial 6v%d @flthe SCF-based etching

odi nent, the al cohol is methanol or isopropano

cofapdsifipn df AR2HEseRrin@nticar incledeb i @emionxdddioadedsosict,isedines a bifluoride
nitride etching conpositions contain the etchant HF,

spattes, Ginclddiss animaties diftyondzt tstraaikylainoroniumhdiflusridds send a&ﬁexbpwhomum
", H" and HF . However, in a CO rich environnment,

diffuqudes oty astthaspiproducedoithe @@W@F@H@Iﬁt speci es does not
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butyl, phenyl or fluorinated C - al kyl groups. [0028]
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non-ionic surfactants. In a preferred embodiment, the surfactant is a modified acetylenic diol.

[0030] In one embodiment, the SCF-based silicon dioxide and silicon nitride etching composition
of the invention includes SCCO,, methanol, ammonium bifluoride, and a modified acetylenic diol.

[0031] The silicon etchant used in the SCF-based etching composition of the present invention may
include XeF,, which is particularly well suited for etching MEMS and other semiconductor devices.
XeF, etchants exhibit nearly infinite selectivity of silicon to photoresist, silicon oxides, silicon

nitrides and aluminum. Being a vapor phase etchant, XeF, avoids many of the problems typically



pol yoxyet hyl ene, silicone or nodified silicone
pol yners, acetylenic diols or nodified acetylenic
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coprppHiaRnf thspEsatt Iy g PRUBIY I SaRets PP Sty at ed
in the fol] ow eactions:  Xek + Si (s el +
(054t I\egt?blj,xéip i(@ig %tg[l g?ttls(}g%rﬁ%eé)a)der&%éiﬂ'@ %rgr)egsA%f tﬁe( S(IC]%ILI}] aurface. If
reaction occurs when val atj | I eI Welrty =To RNES forms.
W?ﬁb“gﬂ??%%8“§%hﬁ%§ﬁ%8ﬁsey?m?§u§t§%ﬁ§§&ﬁ§’sagﬁ% of By &1> forms

i cial

Acc‘ciold.' %’? tﬂg%trct?aﬁ ié)ﬂllctl‘ic:le [09 91@ %lverltf(l)n tirﬁﬁldgérv% sHFRE HXZ%% _pﬁégr td gb@osure to

I nventi on, ~silicon et chant used_ln the base
anﬁ%(@fhﬁzﬁgl GRS inbdsRiBn Sntdidey YUFE SR bxabiPleeHCC@yPpravtls an efficient and

I ncl ude the XeF species and optionally HF. [0034]
enMEbaidnally tshe wieHo @tigbrateathe whr Rirfytd, yhuel eheinaténgt thoforrbdtion of the

dryness of the silicon surface. If _
unwanted silicon fluoride polymer layer. Further, pre-drying the silicon surface with SCCO; is also
a necessary safety measure since most XeF, contains small amounts of XeF,, which upon reaction
with water forms the contact explosive XeO;.
[0035] Species such as XeF, are largely insoluble in the non-polar SCF solvents. Accordingly, co-
solvents may be added to the composition to increase the solubility of XeF, in the SCF-based
etching composition of the present invention.

[0036] In one embodiment, the SCF-based silicon etching composition of the invention includes

SCCOQO,, methanol and XeF,.



water is present on the surface of the silicon, a thin
silicon fluoride polyner layer fornms. Accordingly, the
whemadsqoacti ce of the invention includes waf epCHUST0OL@0015
drying prior to exposure to an SCF-based etching
conposi tion containing XeF . For exanple, SCCO
[OWEYI{ dRSthéNaséct,| B¢ eiventdN e RRY ité QUIRAY af teynos@af & saerificiab silicon-
ydrate the wafer surface, thus elimnating the
coht@ihiiBtal @R iefuding butmsatintt@icto,Silicor eificdnl owide,istieonpotrieand post-ash and
| ayer. Further, pre-drying the silicon surface with
PoSEED resdadss Gom neceisgdngorsabstale nenes the eappriopriste FHE-basyk Etching
contains small anounts of XeF , which upon reaction
coppesiiiopat er forns the contact expl osive XeO . [0035]
ﬁ§e0|es such as XeF are |largely | ubl e i
[0938h hb erogher gegecs Flevsiey VAR rrE\lFtﬁiﬁ")fﬁe EFOGH m?% as}fs?g)d pest-etch

resfglyé—s sipey Ef‘lgg%&%g%g@a%gt Jé’?%ﬂ%t?%ﬂ lgcg‘ﬁgrgi %(ng %t I%?s O S co-sol¥en9 at least
% Sl nt p\{l t118 atrléas‘{ o%% gu%actanq 2 '&gscr?mi’ R&ié t he

a%ase on € the i nvention

I
[0%32@ A ?%ﬁeﬁ?%avoréﬁqéma@t MV@%eloﬂeQ g%asreskospls @ﬁQﬁ%ﬂﬁﬁng fPlasma

e tnvention relates to net r enoval

asRAC Ik dith&d &lposdig the PIARELREVERY watY &F SkybdiGllddalh R¥ordBUS oxidatively
not limted to, silicon, silicon oxide, silicon

deBdriposetiBe amekppRE tph@Gbsid ﬂTﬂn Fai the kbktrateSirfdeee SHowfer@nplama etching
sem conduct or substrate using the appropriate

ustly-rsake dn eliec fokmagios ofiplsiid-asb rand [pE88}ic resdmo tah@ this residue must
aspect, the present invention relates to the renoval

subfeqpabtbeasimowdd post-etch resi dues using a SCF- based
et chi ng conposition including a SCF, at |east ogne

[0049) ¢ wemeval af poskasktang Restelch Fegidke Szhyelh b‘ﬂ%@rﬁi?ﬁl% igy light of the

| east one surfacta t d d h 00
coprge AR eI efgﬁlﬂfa@?mﬁ%%%re'c’? R svE %ﬂs‘é&f since any
reg 2 6§nrleﬁ131{n§}10éxl éﬁg b%t%a@ca%srendgg thep aﬁg@lcg%?tlicrﬂegt OInéIV%}l Yl?@%GSS for its

OfESISt covere 0 OXYy

mgh ?@H% order to oxidatively deconpose the unexposed
0 sist filmfromthe substrate surface. However,

[09:11?%’6%&&&&1 'i‘)gst léﬁ#zﬁld'p\()stfe?cﬁ Ubdidie iclardif}ebyl RENIREMION h@ﬁtment has not
pl asma- ash and pl asma-etch residue, and this residue

profkes tvhSIP SREREB lity BfeRtidpesBY R reth®@A& resiings iy albstere, especially
post-ash and post-etch residue is a well known problem

fror trbrichEst viaf agd@icrostructures in low k dielectrics. Further, these conventional cleaning
approaches are time-consuming, costly, require substantial amounts. of chemical reagents for the
cleaning operation and produce substantial quantities of chemical waste.

[0042] The SCF-based compositions of the present invention overcome the disadvantages of the
prior art post-ash and post-etch residue removal treatments for Si-, SiO,- and Si;N,-based residues.
[0043] The appropriate SCF-based etching composition can be employed to contact a substrate
having a sacrificial layer, e.g., silicon oxide, silicon nitride or silicon, and/or post-ash and post-etch

residue, at a pressure in a range of from about 1400 to about 4400 psi for sufficient time to effect the

desired etching of the sacrificial layer and/or residue, e.g., for a contacting time in a range of from



continuing and rapid decrease in critical dinensions
of m croel ectronic device structures, since any
WO e®5A5305 emai ni ng on the substrate can renderP@TES2004/040015
final device deficient or even useless for its
i nt ended purpose. [0041] Conventional post-ash and
aHIRSI0- Bl o ABéUE BE mEluRA RidDtelyerMirt oER@bIBAL 40t th @BdUIBNC, although
has not proven wholly satisfactory in effecting
6O Ir Gésterrenmitial dabtidne ahdl eeperhtumsntal de sdiastgeatsdy, employed in the
especially fromtrenches, vias and mcrostructures in
broadprictick @ltleqrasent swerfiom, twhene watrindsle convent i onal
cl eani ng approaches are tinme-consum ng, costly
[09 44 uTheaerensbprogess inle Pamipilnlypreftrred ivahedimint inelidss ﬁ%%lerf%lrprocessmg
t he cl eani ng operation and produce substanti

St%ﬂﬁalf*ﬂh}dtflgéb’n%‘?“’ e pf tl}aﬁ%éﬁte% etc][ﬂB%)%?}POWPél 0365#%% spbalgpte having the

Ver CO

e LR P S e —-

t .
conﬂagmg I}?Vétg it Jcésgecth[/eo%%g?gﬁ.ﬂ%\év agcﬁ Fs)t%)cps})akggtteg % ﬁﬁnéh 8H alternatingly
gﬂtlgg%ygghmgae b4 00 SB0a0E s@ggpl oyed to contact a

aving a sacrifrcial layer, e.g., silicon

[@2‘5] dg «dpiahic® QGntﬁUtlﬁé A& @¥olwek Lofitibus 86 bDihe PR&TTeA®Mp&Adn over
post-etch residue, at a pressure in a range of from
thabifdr shARR, toomanaidé tibdiks mhsfdr Garadsonf fridcéfferit colripte femoval of the
effect the desired etching of the sacrificial |ayer
saatifidigriayee shdloreresiduegfrom filgr suhstepnt Actstatig stakreoritaytizg madegiavolves
of fromabout 30 seconds to about 30 mi nutes and a o
cangaviiesr the ovager ofirfice ovithatbeittic vhhmeoofatht aiEhiTaORMPatititng gehmaintaining
greater or |esser contacting durations and
0@@Wﬁ@@ﬁ¥@?@§a%ﬁ?m%%@%39§h$ﬁ@%@U§Py enployed in the

broad practice t he, present invention :
(Rl St armolp dmgqmmﬂwé%\? e g f ﬁaraede oul for four successive

el Rt Bye TR F RBayRER o Rl SRR b B0 i
ﬁnggucbfﬁ)%ﬁ ﬁo getc %r}ﬁlﬂg ?1%%%91]% s@aﬁp&alg g%oaﬁoﬁ@m@@% Ioraﬁ&ﬁ 4400 pa1 30 sec-

avin e sacri ayer an resi due,

16%&1 LAt n6wSaako QF-16 b 1%%?&5&@&@ fat Re., St h@@@ﬂto about 2800
etch |ng conposition, with the respectlve dynam c fl ow
pand static soak steps being carried out alternatingly
and repetltlvely, in a cycle of such alternating

[EUBP SVith A4S Jo the Sikibpn tayere Yo teerhais the wgfenaucieceisiondl beglghydrated prior
conti nuous flow of the cleaning conposition over the

tongtfeestchongr pracess. tSETFsrama iy 2eedt fre diying snadiaafes foatteripd a‘mf@h fn drying
and effect conplete renoval of the sacrificial |aye

Comape P s inglvee 9T OREIFVAIERSHIVE LRSS Mot Qmchlly TeRghRith water on the

contacting node involves
patterned wafer t% form reaction product species that are more soluble in the SCF than water.

[0048] As an illustrative example, hexafluoroacetone (HFA) is usefully employed as a water-
reactive agent in SCCO, to provide a highly effective SCF composition for drying of patterned
wafers. In such composition, HFA reacts instantly with water and quantitatively forms a soluble and
volatile diol as depicted in the following reaction:

H,0 + CF;COCF; = CH;C(OH),CF;



contacting the wafer surface with a static vol une of
the etching conposition, and nai ntaini ng contact

wao bh@sesni4ddh for a continued (soaking) period of P€T/DE2004/040015
[ 0046] For exanple, the dynamc flow static soak steps
may be carried out for four successive cycles in the

(0849 emend hreaeddibl, CustOa,CYE isafifhodioeRtin S@SO] e isteidilg diasolved
sequence of 30 sec- 0 mn dynanmic flow, 30 sec-5 mn

byihg BCPy teasiyr sfeatvall irendv 0@ kyatee frgm thealatiurted 3B systrate with which the
about 4400 psi, 30 sec- 10 mn dynamc flow, and 30

SER conf0sitiom cdnguininy XX, ped BliZats contedrdk, e.g., about 1400
psi to about 2800 psi. [0047] Wth regards to the .
[0850]i ¢ oMarageneilly, ghepwatertrpaseite, AgptHdn WafS@% -basef figfen dyig gpgPosition
be dehydrate

SRS B st Pl Aot 65 e
t t
haj@@ O%I ldh(gtgl?eéh g%} Ciiﬁ:’ggsgjg)é ﬁ%g{zh %?x@%tee rz}ltﬁma (\:r‘e::lly (?enoted as

(heacgl-tl ﬁ'ﬂo enat f erterg oca];b%ﬁye csa%ﬁ}(;c% ﬁgs el tgli’llc(tl(i)s(g 4glio§ache§; t‘iﬁxogenated
silahds! ﬁ&'o\ﬁ%f g?ﬁgngmdg anchﬁét@rﬁa!l&iﬁ{t%%(ﬂ? L QREyittFARr ah® form derivatives

usefu y enp as a waterreactive agent in SCCO to

S&ﬁ@éllh@@cézal(gmycﬁipgﬁggt ive SCF conposition for drying
of patterned wafers. In such conposition, HFA reacts

(0088t antdeferiyl heWakeefeactivel agiud tdni Hedbrinubtey 1rf e [(F€Fdased wafer drying
soluble and volatile diol as depicted in the follow ng

corB@eitibo At ankyl s@tableGlonEAGHoLCHhaCls Qfpctih- f@ 048} réfmeralpiapd the tpatterned
diol, CHC(OH) CF, is highly soluble in SCCO and is ’

w@amblst;atqm Is sietiane @mbydiménes, SOFdingioa tenartisplpeEl padisp employed the
renovi ng water fromthe patterned wafer substrate wt

cofisPrRIRtiane ISOmAR RSB 48P 120 ROMEURFHIH™ SeoBngntf frﬁiﬁAabOPt P01 to
contacted. [.0050

N M e
a%eg gd%n 8?°§Iénagf’%fe(ﬁ)ﬁpesabgﬁ lktg)tag%és%r(y %? W%Lté? . 31% Wb ol weight

basi ko%fn & elged' d from about 0.1 to about 5.0 % by weight, on the same total weight
ﬁ %EEE %rfhexa #i°uor o- 2, 4- pent anedlcbnye %\I ternatively e

bmgg%og%rgfmeac) H; hal ogenated esters; carboxylic
anhydrides, e.g., (CH CO O siloxanes; hal ogenated

[605kianesthe @&ﬂac&@of‘ﬂ{e@@ﬂter&@ Bﬁb@wﬂdﬁlﬂﬁﬂﬂhﬁﬁg @iripaditfontidtairied out for a
easily react with water and form derivatives sol uble

shibBEaMdosf tindeh@hiclb@r spe@fié @shodiment can for example be on the order of from
about 20 to about 60 seconds, although other (longer or shorter) periods of contacting may be
usefully employed depending on the nature and amount of the water to be removed from the
patterned substrate, and the process conditions employed for drying.

[0053] Following drying of the patterned substrate, the contacting vessel in which the SCF-
based wafer drying composition is contacted with the patterned substrate can be rapidly
decompressed to separate the SCF composition from the patterned substrate and exhaust the

regasified SCF from the contacting vessel, so that the non-supercritical component(s), such as the

soluble water reaction product(s), can be entrained in the regasified SCF and likewise be removed

10



[0051] Cenerally, the water-reactive agent can be
formul ated in the SCF-based wafer drying conposition
W@rooang44811i t abl e concentration that is effectiRer/ii82004/040015
wat er renoval fromthe patterned wafer substrate. In
vari ous enbodi nents, depending on the particul ar SCF
ot gl%lin%r[péugy §floredrBE HeQREENhE ok RarDbe I‘,c’_i}@)resged and the SCF-based
wat er-reactive agent can be a concentration in a range
eRhinf EPodti@UhayBe itrodiRedtd @dtvestd tdreol@Yhewedrigiihl layeame/dr ©sidue.
the total weight of the supercritical fluid and the
[oBHjer - Feletihy eheagettting wiftthe SCIRbmeat etelting penpofitidnr with the substrate
about 0.1 to about 7.5 % by weight, on the same total '
bueing e sivai¢isl ldyel and/ormovidue phefubstieie thereafird piecfeelyabwagked gyith copious
to about 5.0 % by weight, on the same total weight )
appquitssof| S Fpethrpelideiprizs avates golutiop s firstrweshing siem (¢ Temg ey residual

th tt d bst t ith the dryi.r it
oo SR S B it P B R B ITRRRL P o
i fi.c enmbodinment . f b t h . of
o et SER 96t ayil et R fu Feid s oL a8 e, 1o
l | . € suostrate
. mo%? 91%{ reQfuaf Fl%sngf %)-ﬁ%ﬂg%ﬁéor%ecgpﬁa&ﬁ&%ﬂnﬁa JIBYvel Brom the substrat

userully enploye ependi ng e nature and anount

rQfiont BRI the KOF R4 hEWRMER, if Sc,t he pat t erned

substrate,” and the process conditions enpl oyed for

[6U58] NO.TH:Q@PDhseh olchimidonPosdions H3hedfresthi envprtioh ale A@dily formulated by
substrate, the contacting vessel in which the SCFbased

st Ehix B Wi Mgrediand @l nia@mxihsvessehindaigadle wgitatiort he

patterned substrate can be rapidly deconpressed to

[esplar at@nct femBaEd, canyseFitased miching eantphetiqna ke @pptiedito the substrate for
substrate and exhaust the regasified SCF fromthe .
cowrrting with ghesexsifieip] laygpandfps residpratherend. & §pible cleystedagressures, e.g., in a
conponent (s), such as_the sol uble water reagtion

Pt BERch euTSting e 18 YR T SRR S PR PP E St leypymetric
| i kewi se b df the dryi.ng.| _ t
rf.’[lﬁ éned\é\naériﬁgcé% F{Qeg%«\é geglé%docg]gtﬁg]g%o r%ah,gngéag geéigx‘cf’aé ﬁgﬁ?e %gr%{maﬂayer and/or

reS - based etching conposition may be introduced to the
V&d%el to renove the sacrificial | ayer and/or residue.

[[)(%9 ﬁ 4] Ilt:ijiﬂ t%\l!gﬁﬂ'gm&tgﬁhé& t@;ﬁ&i@i@ E&nﬁgtir%fcoﬁcﬁ't%n% P @t@lﬁ%cgmpositions of

etchi ng conpoSition w the substrate bearing t

R aldnfibCirateadiBXSEmBNBIQFithin QR dHiieof tHeRR, HatbaDh fiRldRclosure herein, and
thereafter préeferably is washed with copi ous anounts

it ROl haaktode oo nhg&tbnidadng r cos@hitttibienof imgadifrty &t the etching
washi ng step, to renove any residual precipitated

ohessitoad ofddi ihventen fap e tvidels uist rvdtile acldejiignddsiedwiginetal of the
etching and/ or residue renoval has been effected, and
sarifiglal pyenpnd/pr pesidineoltnsn thererbpitate- of pure SCF, in a second
washi ng step, to . _ . .
[0058] The features and advantages of the invention are more fully shown by the illustrative

example discussed below.

[0059] The sample wafers examined in this study included a substrate, a 100 nm thick silicon
oxide film on the substrate and a 100 nm polysilicon film on top of the oxide layer. The samples
were processed to etch the sacrificial silicon oxide layer using the SCF-based etching composition of

the following formulation:
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renove any residual nmethanol co-solvent and/or
preci pitated chem cal additives fromthe substrate
WO e@bosmM40Pr ef erabl y, the SCF used for washi ng PGI/BSIO0¥/040015
[ 0055] The SCF-based etching conpositions of the
present invention are readily fornulated by sinple

m Xi ng lopbtef €dTents,”e.g., 1n a WethiTarcw®SSET  under

gent | e ohfﬁhxbﬁfhori&e%mmé rormm al ¢ Q0 .SUC“
SCF- basgg, S fgir Mg ComposTt tTons are appkkgd 10 the

subst rgig LR contacting W th the sacfjdi ci al Iayer

and/ orgcggy, due thereon, at sultabl e gjgyared

pressures, e-g., I a pressurrzed contacting chanber
[dﬂ@()]Wh' hetnBie Bt G bRP1CPHROBARRIe b SubStHRD b B&Chn@thick silicon film on
suitable volunetric rate and anount to effect the
fdQeHsRE 230 Rinaaicb\ekidR IR 3 iho Kilio Ifilrh, 2RDY 300 1@ silidd€ nitride film on top
sacrificial l|ayer and/or residue. [0057] It will be

oBRP 6:add latet dTHe hantipl s peg b processadiboath thagaceificidisilic@nside tuyer using the
the etching conpositions of the invention are readily
SABbesedritriaig @mppsition of thi fllgking formgflatiophe art, based on the

di sclosure herein, and that the specific proportions

of i ngr@uipemins and concentrations ®feightRereerti ents jn

t he et chinpgivednifrosidd BaBst% the i nvent®®n may be

wi del y sudyrokibdwhi | e achi evi ng_desi red-058hoval of the

sacri f iMeéthdnol ayer and/ or _residue from@be substrate.

[ 0058] SKH®.f eat ures and advant ages oP4P¥e i nventi on

are nore fully shown by the illustrative exanple

[@hi6$]c us Skhel tdrgleivre WOOBSihtaifibibatsHNG heoughdue ths doraing/riesthgi pocedure.
this study included a substrate, a 100 mthick silicon

Tox btinat progesoeenditiens stelyhanzie BovapitheaSABsedrAtqhig parpasiipmor 45 sec
filmon top of the oxide |layer. The sanples were _ ,
ap 0 ensisfollowas e & h mip SCEQe Fipse; Chha samaglgs; gk thek figeouglly, dpsed with

usi ng the SCF-based. etchjng conpositio t.he

CPIRRE GHEHEE £ ﬁﬁﬁ?aé??%??@ﬁﬁlgﬁ#ewng\%? lug Ye2ios dprder o remove any
a ni um bi fl.uori de . 3. %. 1.0 % surfynol -104
108 o Nehasr et Stistey e, Y

[0062] The results are shown in Figures 1-5, as described hereinbelow.

[0063] Figures 1 and 3 are optical microscope photographs of control wafers prior to etching,
showing unremoved sacrificial silicon oxide layers.

[0064] Figures 2 and 4 show the optical image of the Figures 1 and 3 wafers after sacrificial
silicon oxide layer removal, respectively, using the composition and method described herein.
Following removal of the sacrificial silicon oxide layer, the free standing, stiction-free

microstructures can be clearly seen.
[0065] Figure 5 is an optical image of a free-standing microstructure produced using the

composition and method of the present invention.
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[0060] Alternatively, the sanple wafers may include a
substrate, a 380 nmthick silicon filmon the
wGaasosave, a 30 nmsilicon oxide filmon the BCT/USIN4/040015
film and a 300 nmsilicon nitride filmon top of the
oxi de layer. The sanples may be processed to etch the
[08é&d} N i f iTed AdovshdsérbRM p@@f&@@hé ANE evitked thet dRaSCht HESEBMed etching
et chi ng conposition of the following fo nulation:
cdn@poRifienh Aéirdyhde Wil eniveatsm Moruramoidl | of ohdrifieial BerS fwn wafer
% 1.0% surfynol-104 0.05 % Met hanol 4.0 % SCCO 94. 95%
sub@¥&i] The tenperature was maintai ned at 50C
t hroughout the cl eani ng/rinsing procedure. The optimal
[096 1 c e s droeetiatily, iwhile theriavedijonalivs dedn| doppriged hamin SORTepRAgt specific
etchi ng conposition for 45 sec at 40Q0 psi fol ]| owed by .
asgects, frpigresmodiysitgiye emhoduncals phihe LIvetiPR 1 HE Re tREFiRlY plhe utility
[nsed with copious. anounts of
of haran e B PRe FAEPe SHES B a arserpres BrEERS per specs
renove.any r.esidu co- S0l : recs pi tat
R 0 P e s (0pa5) Y el AP L G o Bifbnced o be
o b B B e e "D arieE vitin
R EBhSnPELRY to etching, show ng unrenmoved sacrificia
silicon oxide |ayers. [0064] Figures 2 and 4 show the
optical inmage of the Figures 1 and 3 wafers after
sacrificial silicon oxide |layer renoval, respectively,
usi ng the conposition and nethod descri bed herein.
Foll ow ng renoval of the sacrificial silicon oxide
| ayer, the free standing, stiction-free
m crostructures can be clearly seen. [0065] Figure 5
Is an optical inmage of a free-standing mcrostructure
produced using the conposition and nmethod of the
present invention.[0066] The above-descri bed
phot ogr aphs t hus evi dence the efficacy of SCF-based
et chi ng conpositions in accordance with the invention,
for renoval of sacrificial |ayers from wafer
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substrates. [0067] Accordingly, while the invention
has been descri bed herein in reference to specific
w@zpenss)s features and il lustrative enbodi nent BCDS1004040015
invention, it will be appreciated that the utility of
the invention is not thus limted, but rather extends
to and enconpasses nunerogs QbARIS aspects, features
and enbodi nents. Accordingly, the clains hereafter set
forth are intended to be correspondi ngly broadly
construed, as including all such aspects, features and
Eﬂ@ma@hmaﬂbg within their spirit and scope. THE CLAI M5
What is claimed is: 1. A sacrificial . -
lsi | | doncrifisiat aligpnrsentrinipe ey ctshing QOTERWE@S jopiRsi§ing a supercritical
TPr|S|ng a supercritical fluid (SCF), at |east ane
6. SEPy atleast ane qossglent, ik deask opthgiffantsspesisseand ogfigpally at least one
gg ionally at |east one surfactant. 2. The conposition
SYf2Bitai m 1, wherein the SCF conprises a SCF speci es
sel ect ed fron1the group consi sting of carbon di oxi de,
oxygen, argon, pton, xenon, and ammoni a. 3. The
2¢0np3Es eomppsitim Oé lain] , WheigiaaheelGF qomeriser SEB mseips eslected from
carbon di oxide. 4. The conposition of cIa|n11 wherein
tiergE0p GONSiSInEH £arbs Hiiide 8y est: A18am KEYPGReeron. 04 APEENE| . 5.
The conposition of claim1l, wherein the co-solvent
conpri ses nethanol. 6. The conposition of claim1,
3wher &hgrofrpesitpo-o§ dhimdnwheamtpe $Sewmpyspeapadokide.7, The
conposition of claim1l1, wherein the sacrificial
silicon-containing |ayer conprises a
4si | i T e@mpatifon bNgaisiPE CilR&inSht 6 bwdebnf E@ipritdd et GdabtUghe C,;-Cs
consisting of silicon oxide and silicon nitride. 8.
althiwl.conposi tion of claim7, wherein the etchant
speci es conprises at |east one bifluoride conpound
selected fromthe group consisting of anmoni um

sbi f | ged dobBesiticRlof @@k et s60oHbdt 15&%&&8)1 NHF ),
and al kyl phosphoni um di fl uorides ((R PHF )

6. The composition of claim 1, wherein the co-solvent comprises isopropanol.

7. The composition of claim 1, wherein the sacrificial silicon-containing layer comprises
a silicon-containing species selected from the group consisting of silicon oxide and silicon

nitride.

8. The composition of claim 7, wherein the etchant species comprises at least one
bifluoride compound selected from the group consisting of ammonium bifluoride,
tetraalkylammonium difluoride ((R),NHF,), and alkyl phosphonium difluorides ((R),PHE,),

wherein R is a C;-C, alkyl group.
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wherein Ris a CpC al kyl group.9. The conposition of
claim?7, wherein the etchant species conprises
w@pavess44n3 bi f 1 uori de. 10. The conposition of cPEI/DS2004/040015
wherei n the etchant species conprises
% etrand kyrhmosicom iofl Riath 7] whedeidethé (ckharNdpecies cofagtised AmBRonism
a C-Calkyl group. . The conposition of claim?7,
bitveridsi n t he et chant speci es conprises al kyl
phosphonium difiuoride ((R) PHF ), wherein Ris a CC
al kyl group. 12. The conposition of claim7, wherein
lohe gH¢ f aghmkitionC OBPI d5AS Al WheRR! @AE i OBYebiesOr comprises
anioni c surfactant, or a conbination thereof. 13. The
teraaRparhenium dflucckdaj(RLNZE,), wherieRris § GeCratkyl @oipc
surfactant is selected fromthe group consisting of
fluoroal kyl surfactants, polyethylene glycols,

100! Y BhORWIpEARn Bk MER 5 wh@Gth ¥ teladnEHRCiBLhBres alkyl phosphonium
pol ypropyl ene gl ycol ethers, carboxylic acid sa ?

@mﬂﬂ&xhbﬂmwgnﬂ&uhﬁomh@L&@Mﬂﬂgdﬂﬂecylbenzenesulfonlc
salts, polyacrylate polyners, dinonyl phenyl
pol yoxyet hyl ene, silicone polynmers, nodified silicone

1@0| y Fﬂ?& §tym @&tgnyolf @15%107 q&)hgljelﬁ ’me@glqéctahﬁgmﬁﬁs% ycll%gtl dhe %n@(ln‘?t ) OT

al kyl anmoni uni salts, nodified al kyl ammoni um sa

aﬁﬁﬁcﬁﬁﬁahﬁﬁkh&&%nﬁﬂﬂﬂﬁ&&ﬁhg_at | east one of the
foregoing. 14. The conposition of claim 12, wherein

t he noni onic surfactant conprises a nodified

lgcet )ﬂl Q&%x%gg{el n él‘eém lzhgfhe(f&g%qﬂ%sﬂo% e sn?r]}ac&lxtqg 1 cteg5fr081 the

wher el'n i ng cohposition conprises a

%@up /eohé?stﬁﬂ’? %lftﬂu%%alﬁyl\’\éurt%’taﬁgz pol@gﬁﬂéne %/ﬁol\é\'t p&(?ﬂr&byﬁp@ léfycols

co-sol vent, about t o about

pdyehel Qﬁ@&e@?ﬁ@%@ﬁﬂem@@ﬁj’c@@lﬁ&ﬁ cQb(9(%'11&\&01d04hﬁ50d(ﬁ5191%nz5ne@ul%£110

Wbsurfactan ased on the total weight of

aCiaTP&is¢ylteBnesdlfonic THARS, GORROEIt pOIPmaE, cﬁ;hoaylaheihyl wmmthylene,

the sacrificial silicon-containing |ayer consists

séssenolyaletsy noflifisd iliwon pdlymerd;hegetglemip d®ist modifiaf actysenin diols,

16, wherein the etchant species is XeF . 18. The

a@@h@@@nivm@ﬁlt%méiﬁai #kylagmopjyay it apdh eonghingfigng gomprising at least
ositign conprises about 75.0

one of the foregoing.
14, The composition of claim 12, wherein the nonionic surfactant comprises a modified

acetylenic diol.

15. The composition of claim 7, wherein the etching composition comprises about 75.0 wt
% to about 99.5 wt % SCF, about 0.3 wt % to about 22.5 wt % co-solvent, about 0.01 wt % to
about 5.0 wt % etchant species, and about 0.01 wt % to about 5.0 wt % surfactant, based on the

total weight of the composition.

16. The composition of claim 1, wherein the sacrificial silicon-containing layer consists

essentially of silicon.

15



w %to about 99.5 wt % SCF, about 0.3 w % to about
22.5 wt % co-solvent, about 0.01 Wt %to about 5.0 wt
woe@sohans speci es, based on the total wei ght BET/UR®04/040015
conposition. 19. A nmethod of renoving
151 | i Thenerapeitier sfichgn B, bdramthe stcfanipecies $MEFE.r at e havi ng
sane thereon, said nethod conprising contacting the
substrate with a SCF-based conposition conprising a
15CF, TR othfRRbn 8P QaimAsSPheYdilhe eRhing ERFosi@Iecoflphdda Bout 75.0
species, and optionally at |east one surfactant, for
whUftd Aelienls witivhBCR REbutNSIRE %ol S %6 eidoReht] dbut 0.01 wt %
conditions to renove the silicon-containing substances
tofab@i15.0 e Y%Setth sdt Epties, bad€dl. on Theaotaigdelpbichfdfe cathgdsitiod. 9,
wherein the SCF is selected fromthe group consisting
of carbon di oxi de, oxygen, argon, krypton, xenon, and
1RNMTORIR4hod bf rehtRindBIBQ L oBhineE ltNaARs [ORES QibBrdtd RavaERame
is carbon dioxide. 22. The nethod of claim19, wherein
thledd6h, GRAt AGKIINGHAREH tdnOBEngCOARILsERe Wit S5 SCBSased clmposition
range of from about 1400 to about 4400 psi. 23. The
compiritiagla OCF,clk RhsnodOco-solvant, et Rass anecbtcham tspectes, agd vptioeally st least
a range of from about 30 seconds to about 30 m nutes.
oiR4surfAdteat, fert duticof tind aidmnd®, suffitiertetionta¢ting cemwlitivnd (petgmove the
conprises at |east one C C alcohol. 2 . The nethod of
siiqogiepptainng syhBgnsgsfroptke sgsirale| vent conpri ses net hanol .
26. The nmethod of claim19, wherein the co-solvent
conprises isopropanol (IPA).27. The nethod of claim
249, Tkeenglod dfhkigil),ivderincthn SEF N segctsdl B diec groipsconsisting of
selected fromthe group consisting of silicon oxide
calpra dpkide,ooyeemiatgop.deptopgenophand pmpwel of cl ai m 27,
wherei n the etchant species conprises at |east one
bi fl uori de conpound sel ected fromthe group consisting
20f  arAERRktea o bilfil U9 heRin tieeSOFaadatoph aisxioani um di f | uori de
((R NHF ), and al kyl phosphoniumdifluoride ((R PHF
), wherein Ris a C-C alkyl group. 29. The nethod of
28! &l W2fethANBIRER 18 NehefelnCHA BntaRHRCIRE GO ré%ﬂ)r%g?ressures in a

anmoni um bi fl uoride. 30. The method of claim
rahBEsrelom Jb&ie 18014 Aeltando peonpri ses at | east one noni onic
or

23. The method of claim 19, wherein said contacting time is in a range of from about 30

seconds to about 30 minutes.

24, The method of claim 19, wherein the co-solvent comprises at least one C;-Cs alcohol.
25. The method of claim 19, wherein the co-solvent comprises methanol.
26. The method of claim 19, wherein the co-solvent comprises isopropanol (IPA).
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anioni c surfactant, or a conbination thereof. 31. The

met hod of claim 30, wherein the nonionic surfactant is
W@ ei0s05405 f rom t he group consi sting of fl uor oalP&yUS2004/040015

surfactants, polyethylene glycols, polypropylene

20! y cOhesmetlipdl of ethify19ewkerai the siliconpohtyiping pipbi@ie isgklydal from the

et hers, carboxylic acid salts, dodecyl benzenesul fonic

gaop ehnsicling efyjlicom priderrad silidonnitiglesal t s, pol yacryl ate

pol yners, di nonyl phenyl pol yoxyethyl ene, silicone

pol ymers, nodified silicone polyners, acetylenic

28li Ol $he KA df EIRINPL7EIvidr the e@hat Secietl kinprRBIM Matt ThSEflicside

nodi fi ed al kyl ammoni um salts, and conbi nati ons

caoppiid Siepgd &bmltagbdupomeasitihg bhanhatwrgbiflngide, 3@raalkyl@mmonium

met hod of claim 27, wherein the SCF-based conposition

dgluppiei( RadHaD oantl alkF posplondant difliwbdau(RBEED witreBRSOFC:-C, alkyl

about 0.3 W %to about 22.5 wt % co-sol vent, about

P01 wt % to about 5.0 wt % et chant species, and about

0.01 Wt %to about 5.0 wt % surfactant, based on the

total weight of the conposition. 33. The nethod of

22| ai MhehBsthodlo@¢l@inr27 twhereBi thd ctdhint si@bitsdomprigs suthsfuarigfuorise.

selected fromthe group consisting of silicon,

post-ash residue and post-etch residue. 34. The net hod

30f ChRd MR ofWEh 2 Nwikdien Bk GhAIManiSIRRGHES ail Bast6fe nod@nic or

The nmethod of claim 33, further conprising dehydrating

ahib@c SirB&int, @t £cdatbindtiontii@réeOnt acti ng the substrate with

t he SCF- based conposition. 36. The nethod of claim,

wherei n the SCF-based conposition conprises about 75.0

M Yef O @RRUs B §O,Mhexgé%§g:norﬁﬂg%hrfgz:ta§t fé\'tsel%’cetd%oﬂpﬁlwgroup

22.5 wt I 0.01 mt % 5.0 wt

% co-sol vent, about O. % t o about

cOfsREEA R or SME L iuBBotanRASBRtHYRNd %’]ﬁo ,Cﬂo%rogﬁéng latycoM, p&l?eﬁnylene

conposition. 37. The nethod of claim 19, wherein the
eheBl pliprépPlehd @B cElOfMd, SRboRilic edcNbalgl €dedyBenBfdshlfbhid Jacid,
(i) dynamc flow contacting of the etching conposition
dudetibentrgessifdniccoits; pdyicdlare potynesbditapipenylgrotybyrethflens) silicone
static soaking contacting of the etching conposition
polymers.t meodified | eiliaeo nodimeisn gacsivlsnit adiels. B@lifiedh acetyienigo diols,
of claim37, wherein said etching cycle conprises
alkylammpniym ﬁﬁ}sym%%ed alkylammonium salts, and ¢ombinations comprising at least

one of the foregoing,

32. The method of claim 27, wherein the SCF-based composition comprises about 75.0 wt
% to about 99.5 wt % SCF, about 0.3 wt % to about 22.5 wt % co-solvent, about 0.01 wt % to
about 5.0 wt % etchant species, and about 0.01 wt % to about 5.0 wt % surfactant, based on the

total weight of the composition,

33. The method of claim 19, wherein the silicon-containing substance is selected from the

group consisting of silicon, post-ash residue and post-etch residue.

34, The method of claim 33, wherein the etchant species is XeF..
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repetitively carrying out dynamc flow contacting and
static soaking contacting of the siliconcontaining
wGausoaree. 39. The nmethod of claim19, furthePCT/US2004/040015
conprising the step of washing the substrate, at a
3f.egi T atthedhiof llainh @3,s fuktheroconposit g ideliydigtirgu he t sabstrete hasr to
been renoved, with a SCF/ net hanol / dei oni zed water wash
cetricting tharsubstraig with the SChitizskd ¢ogppetitop, and with a SCF in a
second washing step, to renove residual precipitated
chem cal additives in said first washing step, and to
36.eNOVIR oidivl @BakimpBN Setiepid tAé SOF-BREIGosBbsitdd dbrhpriseabaud i3 Ot
resi dual al cohol in said second washing step. 40. The
Ynte tabamtl 90T wicko SICH) dBOyt 0\3tve IPeiorabduh 82. 5EF%i ce-sSTDE) about 0.01 wt % to

about 5.0 wt % etchant species, based on the total weight of the composition.

37. The method of claim 19, wherein the contacting step comprises an eiching cycle
including (i) dynamic flow contacting of the etching composition with the silicon-containing
substance, and/or (ii) static soaking contacting of the etching composition with the silicon-

containing substance.

38. The method of claim 37, wherein said etching cycle comprises alternatingly and
repetitively carrying out dynamic flow contacting and static soaking contacting of the silicon-

containing substance.

39. The method of claim 19, further comprising the step of washing the substrate, at a
region at which the silicon-containing substance has been removed, with a
SCF/methanol/deionized water wash solution in a first washing step, and with a SCF in a
second washing step, to remove residual precipitated chemical additives in said first washing
step, and to remove residual precipitated chemical additives and/or residual alcohol in said

second washing step.

40, The method of claim 39, wherein the SCF is SCCO..
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