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sem conductor wafers is increasingly essential. [0003]
Vel | known sources of particle contam nation during

devi ce_production include plasm-assi sted processes
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continuing and rapid decrease in the critical dimensions of microelectronic device
structures, the effective removal of particulates from the surface of semiconductor wafers is
increasingly essential.

[0003] Well known sources of particle contamination during device production include
plasma-assisted processes such as plasma-enhanced chemical vapor deposition (PECVD).
The particle contamination may occur in situ during continuous plasma operation or
following the termination of the plasma process (Setyawan, H., Shimada, M., Imajo, Y.,
Hayashi, Y., Okuyama, K., J. Aerosol Sci., 34, 923-936 (2003); Selwyn, G.S., Singh, J.,
Bennett, R.S., J. Vac. Sci. Tech. A, 77, 2758-2765 (1989)). Because of the importance of
the PECVD method for the fabrication of very large-scale integration (VLSI) circuits and

thin-film transistors (TFTs), the future viability of the PECVD method, especially as critical
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[{0006] Aerosol jet dry cleaning uses solid water, carbon dioxide or argon particles in a
high velocity gas stream to collide with and remove the contaminating particles from the
surface. A disadvantage of aerosol jet dry cleaning includes the potential for dislodging
delicate features, such as MEMS (Micro Electro Mechanical Systems) devices and wafer
patterns, with the high velocity gas stream.

[0007] Recently, supercritical carbon dioxide (SCCO;) compositions containing co-

solvents have been used to enhance particle removal, both organic and inorganic in nature,

from silicon and silicon dioxide regions of both blanketed and patterned wafers. However,
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[0011] In another aspect, the invention relates to a method of removing silicon-

containing particulate matter from a semiconductor wafer surface having same thereon, said
method comprising contacting the wafer surface with a SCF-based composition comprising
a SCF, at least one co-solvent, at least one etchant species, at least one surface passivator, a
binder interactive with said silicon-containing particulate material to enhance removal
thereof, deionized water, and optionally at least one surfactant, for sufficient time and under
sufficient contacting conditions to remove the silicon-containing particulate matter from the

surface of the semiconductor wafer.
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the silicon-containing particulate matter from the surface of the semiconductor

wafer.

[0014] Other aspects, features and embodiments of the invention will be more fully

apparent from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 is an optical image of the Si/SiO; patterned SONY control wafer

contaminated with Si;Njy particles.



conposition of the present invention, wherein the
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are effective for removing silicon-containing particulate material including, but not limited
to, silicon nitride (S13N,), silicon oxide and hydrogenated silicon nitride (SixNyH,), from the
surface of patterned silicon-containing wafers, e.g., Si/SiO, wafers. The particulate material
is generated in situ during plasma-assisted processes including, but not limited to, sputtering
and PECVD.

[0020] The PECVD of silicon oxide films is often carried out using gaseous mixtures
containing silane in nitrogen (SiH4/N,), nitrous oxide and ammonia. In addition to the
deposition of silicon dioxide onto the substrate, highly hydrogenated silicon nitride particles
are formed that can settle out onto the wafer surface, either during plasma operation or

following the completion of the PECVD process. It is speculated that the source of the



followi ng the conpletion of the PECVD process. It is
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being recyclable, thus minimizing waste storage and disposal requirements.

[0023] Ostensibly, SCCO; is an attractive reagent for the removal of Si;N, particles,
because both compounds are non-polar. However, neat SCCO; has not proven to be an
effective medium for solubilizing silicon nitride particles. Furthermore, the addition of a
polar co-solvent, e.g., alkanols, to the SCCO, has not substantially improved the solubility
of the silicon nitride particles in the SCCO, composition. Accordingly, there is a continuing
need to modify the SCCO, composition to enhance the removal of particulate material from

the semiconductor wafer surface.



of the silicon nitride particles in the SCCO2
conposition. Accordingly, there is a continuing need
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of particulate material fromthe sem conductor wafer
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dBﬁﬁB§W€ﬂ8ﬁ§m5§“herelnafter more fully described. The
renmoval of silicon nitride particles froma wafe

J0P354 dde pegsey invratian sembiagselile adAREErs psprdated W&bm and other
of 100% efficient, while maintaining the structural.

i HeRsgvith thegrartichpebinglingpifipieney efrpolymang 28710hels seshers pelydinyl alcohol,
the invention relates to SCF-based conpositions useful

ity penpwepprgpiatelyi uhelated cHt-basth apmpositings Lai hggeindfigr more fully
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described. The removal of silicon nitride particles from a wafer surface using these SCF-
based compositions is upwards of 100% efficient, while maintaining the structural integrity
of the Si/Si0; layers.

[0026] In one aspect, the invention relates to SCF-based compositions useful in removing
particulate contaminants including, but not limited to, silicon nitride, silicon oxide and
hydrogenated silicon nitride, from a semiconductor wafer surface. The formulation of the
present invention comprises a SCF, at least one co-solvent, at least one surface passivator, at
least one etchant, a binder interactive with said silicon-containing particulate material to

enhance removal thereof, deionized water, and optionally at least one surfactant, present in

the following ranges, based on the total weight of the composition:
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In the broad practice of the invention, the SCF-based
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[0028] The inclusion of the co-solvent with the SCF serves to increase the solubility of the
binder in the SCF. The co-solvents contemplated for use in the SCF-based composition
include alkanols, dimethylsulfoxide, sulfolane, catechol, ethyl lactate, acetone, butyl
carbitol, monoethanolamine, butyrol lactone, an alkyl carbonate such as butylene carbonate,
ethylene carbonate and propylene carbonate, a glycol amine such as N-methylpyrrolidone
(NMP), N-octylpyrrolidone and N-phenylpyrrolidone, or a mixture of two of more of such
species. The alkanol co-solvent is preferably 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. In a preferred embodiment, the alkanol is methanol or isopropanol (IPA).

[0029] “Surface passivator” is defined herein as a substance that protects the wafer surface

from additional oxidation, while simultaneously being capable of hydrogen bonding to the
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CafdRAhMinif purticiNee Gafdee faiRprovethe reyvat0e patit RS fidinethe wafer
a glycol amne such as N nethyl pyrrolidone (NWP),

Nsupatey | PYITHE OkikretRE € pABHatbr PRSNYdompriEd | b#RN@cidOr tridthyl borate and
m xture of two of nore of such species. The al kanol

C&eﬁl%arﬁ%e | f aoprrefeﬁé@awodanéh regd Qﬁﬁc&ﬁh@éﬂat&ﬁs Bsanghed

Cl-C al cohol (i.e., nmethanol, ethanol, isopropano

ef0§3d] ’Sg)g&esacaghﬁé H§ &crgﬁg Ll nQ QUonfiffirfy s‘ﬁfecrésl'h%bh & s‘}%glmtrrde are well

re erred enbodi nent”, the al kanol is

"B}o'{lf%”ﬁ' th9 r rt' P ﬁ 3‘1 ﬂolﬂla&c aLQQ?I?} ;rrg‘%rfuﬂﬁet}]uonde (NH4F) and
passi vat or" 1is d herein as a sUbstance at

f
P I U AT M By o
o R B SN, b i

The surface p | b
SRR it RGBS ERE S *3/5 dpllte ERGLAG, G 161 groups) and
g%%er Tos S{Ilbngggﬂrie géés gggg z,o\y eé? ?sf]lg\éalty retil)ﬁ lButyL phenyl or
srllcon 0 e ch as silicon pitride are .
mgrqnnawe&m A SR The g Poii S0nih GRiGBPROGT G Efemicall
(H ammoni um fluoride (NH F) .and tr.iethyl am ne
t’reP‘rW’ér“ﬂfhl the siligen WEerand ﬁgrcwyox@eapfrrgc B UBferFusn %gamcles’ thus
may be used, including annonrunrdrfluorldeﬁﬁ@NH%%ﬁ
t wevcing W9Tr steRoYiG reoaromitaatly erhanqipgihe bRy fogtemove the
met hyl, ethyl, butyl, phenyl or fluorinated G -C al kyl
gpacmls;)froan theavadol sisfasepHomsi Risferrd mbpdinest, (herRgtchppt s, ammonium
where Ris nethyl, ethyl, butyl, phenyl or fluorinated
Cluapdieal kyl groups). The fluoride source aids in
particle renoval by chemically reacting with the
sl003YoBimdets”i e dafiebdshdréis g spsdichethptaintarast egth the silicon-containing
undercutting the particles, thus reducing their size
whartienlate naenial en¢rhyneeamnl rignt the safpidondugtagfwafére The binder may
bi nder to renpove the particle fromthe wafer surface.
| hava npri@fee rerge,chydrolpichir mprire, groups, @padiaoft iniesmcamgroith thenBronsted acid

and/or Bronsted base points present on the surface of the contaminating particulate material.
Additionally, the binders may be capable of hydrogen bonding with the surface of the
silicon-containing particulate material. The combined effect of these intermolecular
interactions is a reduction of the surface potential of the particulate material and
concomitantly, the enhanced removal of the particulate material from the wafer surface.
The binder of the present invention may be derived from at least one ethylenically
unsaturated reactant. In a preferred embodiment, the binder is a polymeric alcohol, a

polymeric amine, a polymeric acetate or a enzymatically decomposed sugar. In a



fluoride. [0031] "Binders" are defined herein as
species that interact wwth the silicon-containing

WO pas/dseull ate naterial to enhance renoval fromdings2005/006228

sem conductor wafer. The binder may have noieti es,

e.g., hydroxyl or am ne groups, capable of interacting
Wharticuldily preferied embadimenta i/ golyrérensltehd] apalyfnylndlcohol, which is
present on the surface of the contam nating

Pehirhénly atade Byt @€ ipalymefidstioni &Mvhylyacetabefdliowed@ by HyayolRes of the
capabl e of hydrogen bonding with the surface of the

Shdly Ve -a6 QM Follintg. NAlhbtEeH @k ulilySfrtRlred dMBodiMBRI MR Golymeric

effect of these internolecular interactions is a

r SEiHE ¥s'}:f3ﬁrv9|fy1 ihiBe SRS %orﬁﬁ’xbﬁlﬂtrﬁa%le fi8fn if\e fidalnidey! at e
mat eri al ‘and concomi tantly, e enhanced renoval of

t @ﬁ3ﬂ At Isifd Bins BRERlaRd ih E&@dﬂj@dsm(ﬁ{po%mnfx 8£8e prEb&it invention

|nder of the present invention nay be derived from at

tmgfﬁ ern l)xﬁ@' Sy nﬁnsé\fc r %tse%ufn%g langurfa!:tgn@ ethoxylated
0] qh er

ferre Idlnent e bin is a poltyneric
:@s@%gtfﬁcﬁtf IR, AR 8 e
p%q(:f rop elne eﬁq;gcoﬂ Fxgrswﬁar %xyhs CO n%zr%t%l do%négbe%%eneihfomc acid or salts

aceﬂ te .fol,l owe

p@ %?] i}{at | ?%@|p0g’\élée{r] Mt %m%lm 1 pcflﬁo%/ﬁt%?/%é?, ylfjcone 5t modlﬁed

S i BB SRR T o
EAL MG W SRS qaﬁvst S of

i ncl ude noni oni c surfactan uch .as f]uoro

stoFeEs e a it %pre@frﬁq,g(ryp%lglgaltf %W claptris,an Qxé/late% t}l(%rosurfactant such
pol ene ycols pol pyl ene chols
%}J\’Y@/@@ﬁ@ fbl@{%}glf@ ?&ﬁxgox}j Fﬁ’&"g? tMéslslgsauga Ontario, Canada).

carbox lic acid salts, dodecyl benzenesul fonic acid or

AP Alieanasively. Pl srafeetyntameaypsiche ragionisi pafglaplefy 2 mixture of
pol yoxyet hyl ene, silicone or nodified silicone

palignieepad ne-éomia efagtagiso| Anignic rapefhqtanty ceptemplptedjig the SCF-based
diols, and al kyl ammoni um or nodified al kyl anmoni um
scallmp@,sitians ofvik Ipresent danebiionainrluds bubarp mpslimyedate, flecresurfagfants such
of the

as ZONYL® UR and ZONYL® FS-62 (DuPont Canada Inc., Mississauga, Ontario,

Canada), sodium alkyl sulfates, ammonium alkyl sulfates, alkyl (C;o-C;3) carboxylic acid
ammonium salts, sodium sulfosuccinates and esters thereof, e.g., dioctyl sodium
sulfosuccinate, and alkyl (C,0-C;s) sulfonic acid sodium salts.

[0034] In one embodiment, the SCF-based composition of the invention includes SCCO;,
methanol, ammonium fluoride, boric acid, a fluorosurfactant, polyvinyl alcohol and

deionized water.

1C



foregoing. In a preferred enbodi ment, the surfactant
is an ethoxylated fluorosurfactant such as ZONYL(r)
WO 108€04400f | uor osur f act ant ( DuPont Canada | nc., PCT/US2005/006228
M ssi ssauga, Ontari o, Canada). [0033] Alternatively,
the surfactants may include anionic surfactants, or a

noe3s) e AotlRRi KPéct, @ied iMv@MtdnO M¢ltes Ub f Mmethady Hf PHIQIMIE material
surfactants contenplated in the SCF-based conposition

Qdontafinddt RSN hENARE, IROndtNiEditedQe, sRitbn AfBdN&d sitiddh bRide, from a
to, fluorosurfactants such as ZONYL(r) UR and ZONYL(r)

Femtdn iR enlrer GAMRL Asih P the SOML15:8¢ SoRB Gitiof Mseritle@ herein.

Canada), sodium al kyl sul fates, ammoni um al kyl

Sjab3ctraticlekplal @?c@i@@na?@ét@éﬁﬁlchﬁeﬁﬁﬁﬁe@'@ED RIsMBISC-1 or SC-2

salts, sodium sul fosucci nates and esters t hereof

(esoﬁrtmné:i @S hyt! pr§v%q| OIS ghtﬁs@&w hif @itf(,ecﬁtmg Qgrblgllgr%&yr'emoval of particulate

sul'fonic acid sodiumsalts. I'n one

B OIS By LB YR8
AbGanidl hhiBROSE %{ag@ggﬁge@g oY bbb al Yfbites of chemical

|nv ntion relates to nmethods of particulate nateri al
coht ani nant renoval |nclud|ng, but not limted to,

Sljg*léﬁ g[ﬁla ?S{PI t}agg%ﬁ?oggpoglbp}? c ofn th?l Efeﬁedﬁ rhvgntga:ovslé oW the dlsadvantages

osition de crlb r.ein. 036]. Particle re
TRk R baETe imb vl AaR Gt ty DR b e vafigte SrSERHRal reagents
Seqeck Bk Ggeing 'ﬂé%ciu%r?tw A SR SRy gfoviding a composition
particul ate material fromthe wafer surface. Further,
tf’r‘r‘éé@t}@ér’i\%lﬁg F%Mﬁ?bl%F‘é‘éﬁﬁ“ﬁﬁs Sﬁpr‘WéS require

substanti al amounts of chem cal reagents and produce

SHB3S] dhe prproRfiah e FF-Passd 6pmpgsition cam bogiaplayedito oantact Fpafer surface
SCF- based conpositions of the present invention

diing paricelns reteripd oeniraigenys. 6fe.tsisoppitige aadrilisan pxide, ghereon at a

renoval techniques by mnimzing the vol une of
dhessirean arrerggenitfepm about 1200 to about 4500 psi for sufficient time to effect the

desired removal of the particulate matter, e.g., for a contacting time in a range of from about
2 minutes to about 20 minutes and a temperature of from about 30°C to about 100°C,
although greater or lesser contacting durations and temperatures may be advantageously
employed in the broad practice of the present invention, where warranted. Ia preferred
embodiment, the contacting temperature is in the range of from about 40°C to about 70°C,
preferably about 50°C.

[0039] The removal process in a particularly preferred embodiment includes sequential
processing steps including dynamic flow of the SCF-based composition over the

contaminated wafer surface, followed by a static soak of the wafer in the SCF-based

11



needed, thus reducing the quantity of waste, while
si mul taneously providing a conposition and net hod

WO bmgiosug4r ecycl abl e constituents, e.g., the SOGI/USD0BG)6228

The appropri ate SCF-based conposition can be enpl oyed

to contact a wafer surface having particulate materia
ompaditiciith, the. @spectbiel dynamicnflowiatd snid siak iseps beinp darried out
thereon at a pressure in a range of from about 1200 to
&h%ﬁtuﬁg%@ﬁldﬁsﬁetﬁioﬂy,ﬁﬂﬁ Eydté effbuch alteenatiag skpsect the

desire enoval of the particulate matter, e.g., for a

qO0H0R Al tdyHarhicBoritdttiAg dBGRVEIVes doatidRe Hbw %f tHe RUIBSsitidd over the
about 20 m nutes and a tenperature of from about 300C

tyoa fa0RH cel @PRGxinAlel O WAL GABRY §fadRht ARISEREL &ﬁhliﬁlét@ tdrifal of the
durations and tenperatures may be advantageously

%chgﬁéﬁfdmétgnél RRnPMeREHERE AAL 45G:ic Qbak Qﬁm%gxg%lhe involves contacting

invention, where warranted. In a pre err nbodi nent ,

ttﬁ%ut éit &%ﬁb@%l em%{tigt %ﬁlﬁné % tﬂe CGﬁlpB%Me a‘ﬂﬁ 1§15lgmnmg contact

to about 0C, pre erab y about

h%%gg&hﬁpﬁc&ﬁg@g s Igﬁﬁéﬁﬂ*H glpartrcularly preferred

odi nen enti al proceSS|ng st eps

B&Jl ? dlanqg nlh% acE)J Wabo&l)gﬁtu,s %Falp @éﬁ ln?: g,npeo %%rlhlec? But for four

ver e CO dm n er surface
UCGES LG Sc())/al aforem ntloned nll Fa 1v§%§1 B Sedtcgs I1%1I Q% quence of
V%I %Cﬁ ﬁ“ﬁe g%w C? rve (? nam C L*S ow an I C soa?< %? qS

rrr out , al nat nd repetitively, .
L Efl Bedi afh 2 A %gﬁr%%ﬁ” 1°--Sa%§r%~ bblr3000 psi
conf act | | ves contl uous, fl ow o
&% %&r‘*é?@rrﬂoggrmrﬁ@ WA PR 2 0oy paessure stati
mass transfer_gradi ent ef f.ect val of
(A ek 7 201 M%) Pt Abou 9?9%?&1 Ha B eafeé emkog@ra% iﬂl‘? sequence
soak" contactjn node_ i nvol ves contacting the waf
Sopsige ef orma dpamicdlan 2 i S@%S%&ﬁgé G0 PP 2- aﬁan dynamic
mai ntai ni ng contact therewith for a continued
(fovarnthy -5 peip setc ket 100 Ppin041] For exanple, the
dynam c flow static soak st@gs may be carried out for

f[6042] Falleveing itheeconipetingsofithe SEEbaged campesitionryath the wafer surface, the

illustrative enbodiment, as including a sequence of
wafer thereafter preferably is washed with copious amounts of SCF/methanol/deionized

water solution in a first washing step, to remove any residual precipitated chemical
additives from the region of the wafer surface in which particle removal has been effected,
and finally with copious amounts of pure SCF, in a second washing step, to remove any
residual methanol and/or precipitated chemical additives from the wafer surface.
Preferably, the SCF used for washing is SCCOs.

[0043] The SCF-based compositions of the present invention are readily formulated by
simple mixing of ingredients, e.g., in a mixing vessel under gentle agitation.

[0044] Once formulated, such SCF-based compositions are applied to the wafer surface for

contacting with the particulate material contaminants thereon, at suitable elevated pressures,

12



2.5 mn-10 mn dynamc flow, 2.5 mn-5 mn high
pressure static soak, e.g., about 3000 psi to about

WO 268084psli , 2.5 nmin-10 min dynamc flow, and 2@E/u$20031@6228
mn | ow pressure static soak, e.g., about 1200 psi to
about 2900 psi. In a preferred enbodi nent, the
SR A PReseurred dritacfihg ehazhbar 11 whichth@BTE-bhde@\WompPosatidh iflkupplied at
static soak at 4400 psi, a 2.5 mn dynamc flow, and a
Zuhabi Volshétit eatéfRkanuntltd @Fedd He. dehitd4dhtaltitlgl operatiéh fohfmoval of
contacting of the SCF-based conposition with the wafer

StHE pAhulaté hateyall fBdm tReVEash@icepr ef erably is washed
with copi ous amounts of SCF/ nethanol/deionized water

80457 IORVill NbeA abpre@btedVARi e CBontdeAng QORYBoRNYor the SCF-based
residual precipitated chem cal additives fromthe

r &eip88icHs Jf hige WodifRion S éﬁﬁ@ defénﬁ\ﬂhlﬁg wWRBIH th€ s1811 708 FRVAY, based on
has been ef fected and finally wth coplous amount s of

Hﬂé &l ure h éﬂgc‘tgﬂng}) V@%&ﬁ@ gr B&l%gl’ls 5 rn?d’]é/oncentratlons of

rESI preci pitate em ca

3@%5&1%%? n {l{eog.@lli Qz?Se %ﬁ%{ng)%ﬁg} 1?(18’1&1 T stee\é'r(]igly%ed while

or washing Is

Ca%HiQQ ﬁ %iés? Q% re%ovgpeftlper e«ﬂc"t?cu ate rEXtQIQal Ifr% t?ig g/afe? gﬂ‘kalcg .
formu % ? rﬁ a

1. X] d t I O
T q%xg%%%@ IR Fa?]‘{“ B46% R gpapin i

f f t.i h I

T R A e R Bl ;ﬁ%@é flp  ggconductor
Praierareg. Sl feszq%Hpaﬁ%@ %2@,% AR
sui tabl e volunetrjc rate and anDunt to eff

eSS YT JORTETHANGN GRRPEEH BRCE oft |FasheRrA°- f veph ét NEast one etchant,
particulate material fromthe wafer surface. [0045] It
viin [opHenally 3t deaptaqne Futfciantspresent incthe deHodng Fagecs, based on the total
conditions for the SCF-based conpositions of the
i g Of b6 campositiondi | y deterninable within the skill of
the art, ba t he
speC|f|c pr opmngonemt®f of i ngr edi ent s»wapdvegghhcent r ati ons
of ingrediengGFin the SCF-basedba®nsP0%itb abos 99% t he
i nvention mayo-Rgvent del'y var i echbdlt (.68 % to about 15.0%
etchant about 0.25% to about 5.0%
surfactant 0 to about 3.0%

[0047] The contemplated compositional components are the same as those disclosed
hereinabove. In a particularly preferred embodiment, the SCF is SCCQ,, the co-solvent is
NMP, the fluoride source is triethylamine trihydrofluoride and the surfactant is dioctyl
sodium sulfosuccinate.

[0048] The methods of particulate material removal using the second SCF-based
composition are the same as those disclosed hereinabove. Notably, the sample containing
the particulate matter to be removed may have to be “pre-cleaned” prior to exposure to the

second SCF-based composition to reoxidize the surface. An effective SCF-based “pre-
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achi eving desired renoval of the particulate nmateri al
fromthe wafer surface. [0046] In yet another aspect,

WO 2évs/og42eent i on rel ates to a second SCF-based PCT/US2005/006228
conposition for particulate material, e.g., silicon
nitride and silicon oxide, renoval froma

SRERiGHN dirmiuRtionvadohides WS {180 eyt%s SCEOs emdndl 5 SEFYbagecus-based pre-

conposi tion being devoid of the binder and surface

RR&SihY Trifulatibhewh@ELth@ b RBuLRRET pReSeaningGormditidn€iaditides 0-10

one co-solvent, at |east one etchant, and optionally

bl YeadmoRinM MEJ)@&t 0, vd? o6 S&Mutyll T Hll'égerf pérbwé RBd 70-95 vol %
ranges, based on the total weight og e conposition:

G 0 16 bre Ul eaden Yt dAREu R B0 Y8akST 1R %aBleAR Mt SHWhsed pre-

co solvent about 0.01%to about 15.0% etchant about

%?M%HB aP gs@u?éérlflaacltaﬁég frOmt BoRORAD p%l Q)O/ﬂﬂoqpﬂgdo psi and

nt errp at ed COI’TpOSItI onal corrponents are the sane

z?én epa%gs ﬁt' itrglléggsi?o% %ﬁl?%daég&éfl%ut Jsd’d B&t'ftulag&ltg? mmutes

erred e i ment CF 1s he co-sol vent
304 he #e?ﬁléeﬁs :a cg £(gvg§tage% W gﬁr nat% P}étegﬂllg tgglolwn b&/ éhe illustrative

succi nat.e 0048] The nethods of particul ate
ex?%ﬁ SmP%%ﬁ?é“[u3|ng the second SCF-based

PR Rl oo e RSl ﬁg%ﬁlgﬁ‘ianp%zew ;e 2y Sie patemed. wafers
rt | t be. .
B S S B AL et i v
b d t t di th
fiedcie (e SOIrDBat SamPBRER! HhPHY< e AL %%qunewaaaeeg The
95-100 wt % SCCO2 and 0-5 wt % aqueous- based

saneRer asern jof gher Krlirbased F%WOSWﬁé Wap maiinescal S67fs thiepghent the particle

pre-cleaning fornulation includes 0-10 vol % anmoni um

mgmiovek experimnte.0 Folbdwing paticlp menydvah yhiy wefers wese theragehlsimased with

70-95 vol %

copious amounts of SCCO,/methanol/deionized water and pure SCCO; in order to remove

any residual solvent and/or precipitated chemical additives. The results are shown in

Figures 1-4, as described hereinbelow.

[0051] Figure 1 is an optical image of the SONY control wafer showing SizNy4 particles

covering the entire Si/Si0, wafer surface.

[0052] Figure 2 is the same wafer cleaned with a SCCO,/methanol/DI water/boric

acid/NH4F solution, which is devoid of polyvinyl alcohol. The results show that the Si;N,

particles are completely removed from the SiO; surface, however, only approximately 50%

of the particles were removed from the Si surface.

[0053] Figure 3 is the same wafer cleaned with a SCCO,/methanol/DI water/boric

acid/NH4F/polyvinyl alcohol solution having a fluoride/boric acid ratio of 3:1 (high fluoride

concentration). The results clearly show that the Si3Ny4 particles are completely removed

14



wat er. The pre-cleaning nethod includes a static soak

of the sanple in the SCF-based precl eaning fornulation
WO 2005p8e88Ures in a range from about 1200 psi POI/ERO/006228

2800 psi and tenperatures in a range from about 400C

to about 600C for about 2 to about 30 m nutes. [0049]

T fhe 3oy asfach) Ahadkaihagr panicles Ridingveithé Sillcél ©giBRY @itouched.
fully shown by the illustrative exanple discussed

hedwver, bR thENuosidébbie YAl @it RXAR ARE, sdvelehdtéhisd uplme Si0,
were Si/Si Q2 patterned wafers contamnated with Si

rga{faae%afrs wWYRIiPHS eCh B A RGO MBS, as descri bed
herein, were added to the SCF-based conposition and

@54;1 %igg rd ARVl efhd GlghCYiesval Wak efd. scﬁts/rﬁéfﬁgﬁgf/ﬁt Whaer/boric

CF- based conposition mas mai nt ai ned at

ag{dﬁ\l?![glig% r;@?/ aﬁ%ﬁ&l' &)lllﬁlo 9{591"6 ﬁ%&pﬁﬁbﬁ'ﬁ%nﬁ certhg 11)19\’\"'1*39 results

partlc he ma ers re thoroughl y rinsed

PSRBT SR S 8 g i

r ci ate cal additives. The results
SP% Vﬁ{h &/E\tenceoq‘&q hzfs descrl bed herei nbel ow.

PG e o, o s

ch%g%qsr%{lns %qcc)ér'élﬂmg%ev%wf ergxa%@gce' [ Pﬁ%ﬂ%{ ,s%f:on-const'ammg particulate
mater/borl aci d/. NHAF ? tlonf whi.ch is devoi d of
w}tw g8 sHicEBRETde PRI LM FEIE A Phat the S N

icles are conpletely rempved fromthe SI%%
é&?ﬁ%&f@e followinectormypiap rasyliFd i btantipl ismoy ot pifjgon nitride particles
particles were renoved fromthe Si surface, [0053]
Ff'rchy the pattgraed $iSiQz prafagsf cFubstpriiph gamayel Hs geﬁned as greater than about
SCCQO2/ et hanol / DI wat er/ bori c aci d/ NEUF/ pol yvi ny
A8otestovalgif ke priticidare mygteaiak frem thedemiganpecter CMICF,a?cﬂd@tCm"ned by
3:1 (high fluoride concentration). The results clearly
gintioal tthigrosedpy. SIna s Emptﬂcw@pdm@t,cm% gleanipg of the particles was
renmovedfromthe Si O surface, while | eaving the
pésdrvasl in sl peegs izii4rrgin9t¢sntfﬁ@°(éi | i con regions untouched.

Component Weight Percent
ammonium fluoride 0.036 %
boric acid 0.053 %
ZONYL® FSO-100 fluorosurfactant ' 0.12%
polyvinyl alcohol 0.53 %
methanol 7.92 %
DI water 336 %
SCCO; 87.98 %
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However, because the fluoride:boric acid ratio was so
hi gh, severe etching of the SiQ2 surface occurs,

wo odusngizml t he etch rate was about 5gA min' 1. PODBEE3005/006228
Figure 4 is the same wafer cleaned with a
SCCO2/ met hanol / DI wat er/ bori c aci d/ NHAF/ pol yvi nyl
36057 ahotaed fatnlatidnarsinitio ubseintidllyuemodeparadlesed tdvadr ipfSsures, e.g.,
The results clearly show that the Si N particles are

Q80PpE Al oI EREMER: from both the Si and Si @2 surfaces,
with no evidence of SiQ2 etching. [0055] The

above- dESETIAGH POt 0grapns TNuS eVi GRLER Pellentc! 11 Cacy
g 1P L T R0 A
! curdite Sadip salfosugeigte LN A
parti cuate-Aaterat—a-—g——si £ par-tiel es,
fromwaf¥Psurfaces [0056] The followhn 65/br mH-ati on
resul t e®GGPs1ihstantial removal of <il iR Aitride
particles fromthe patterned Si/Si Q2 _surface, .
1Q0A8E Asprrdingly r whids, hp invietiofdias heen deserified detsin insfreneroigrspecific
98% renoval of the particulate material from.the _
senrcsofeducss ond ddustratave ebodimeatsraf feqiinygntiopt it »dll be appreciated that
m croscopy. In this specific enbodi ment, 100% cl eani ng
dlfe utilety pdrthe dnventionats el sthusy bepitedy byl rathgreqxdenid toy and encompasses
m nutes at 500C. Conponent Wi ght Percent anmoni um
fnunnerousl eth®r Gects/oftatwres aralcérobodingss. 9H.coOrdYgly, )the claims hereafter set
FSO- 1 OO | uorosurfactant 0.12 % pol yvi nyl al cohol 0.53
Yontte tre dntohded. t8 De Hobispwadiegly Broddly XoBOTEER B in@d@lifg hiksuch aspects,
formul ati on found to substantially renove particles at
|feameres pidestodiesntsewithin their spirit and scope.
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d 500C i ncludes: Conmponent Weight Percent
triethylam ne tri hydrofluoride 0.1 %dioctyl sodium

WO susfoseucci nate 0.02 % NMP 10. 0 % SCCO2 89. 88r@a/US2005/006228
ordingly, while the invention has been descri bed
herein in reference to specific tures and illustrative
enbodi nents of the inventyr@p,CLAIMS | | be appreciated
that of the invention is not thus limted, but rather
extends to and enconpasses ther aspects, features and
enbodi nents. Accordingly, the clains hereafter set

tWwhskaS clafnddgs:cor r espondi ngl y broadly construed, as
i-ncTudrng alT such aspects, enbodi nents, within their

SPI Tt 88boR i8R Forl Fimdvinp! ﬁ'ﬁ:o%@ﬁtainﬁlg%ﬂldﬁwe nfiterthl fibm the

conposition for renoving silicon-containing

%ﬁffﬁdec dzfageqmmﬁgtblalwafef dt ébﬁn‘gﬁ%lgﬁggm&fm a supercritical fluid

sem conduct or wafer osition conprising a

S(E B, Gt 'ibdsf %!n% ch%ﬁeﬁtsgﬂeastalme{ ‘é‘t@ﬁ&nt %ﬁ@cl&o f%aﬂe Bhe sitface

east one et chant Specl es east € Ssurrtace

%%?s?’xla}/oqt 2 vi (ﬁr l?ﬁtgrqgt{ve tﬁr ?‘ﬁt éﬂc%n%ohﬂmﬁr?% gartlclﬁate material to

I con con al ni ng par ate naterla
el on wat.er aﬁ

ona
B, S Y B %,

wherein the SCF is sel ected fron1the gr oup conS|st|ng

of carbon di oxi de, oxygen, argon, krypton, xenon, and
amonilThe c8mpJditeonc ofiplesn tli, ovheesfin dheaSEHT 1is spleetedifrom Hee group
SCF conprises carbon di oxide. 4. The conposition of
chadisting of gehonedioxiddy exygen,sugonekiyptonmenérs end ammpwast one

3. The composition of claim 1, wherein the SCF comprises carbon dioxide.

4. The composition of claim 1, wherein the co-solvent comprises at least one
solvent selected from the group consisting of alkanols, dimethylsulfoxide, sulfolane,
catechol, ethyl lactate, acetone, butyl carbitol, monoethanolamine, butyrol lactone,

alkyl carbonates, glycol amines, or a mixture of two of more of such species.

5. The composition of claim 1, wherein the co-solvent comprises at least one

C,-Cg alcohol.
6. The composition of claim 1, wherein the co-solvent comprises methanol.

7. The composition of claim 1, wherein the silicon-containing particulate material

comprises silicon nitride.
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sol vent selected fromthe group consisting of
al kanol s, di net hyl sul f oxi de, sul fol ane, catechol,
WO aiohg842kact ate, acetone, butyl carbitol, PCT/US2005/006228
nonoet hanol am ne, butyrol |actone, alkyl carbonates,
d. y colThasdmgsitioarof alaim X} whezein fthet siicoofcommihéngqfartiulake material
species. 5. The conposition of claim1l, wherein the
ompHbeéeitcocotpy.i ses at | east one Cl-C6 al cohol . 6.
The conposition of claim1, wherein the co-sol vent
conpri ses methanol. 7. The conposition of claiml,
ereih the silicgnscontai.nin rticul at.e naterd
Shnpr 106 eOpRIsB SR et pR Yt SR R Rbef o e

1, wherein.the siligon-contaipin articuyl at. t.eri.al.
o S AT e R T
1, erei.n the etchant species is selected fromthe
d’r'@\(ﬁgo%ﬁg? %rtdiebr\g“"&‘]l&e 8 of | uoric acid, ammonium
fluoride, triethylamne trihydrofluoride and

bi fluoride salts. 10. The conposition of claim?9,

vitber eiThe torepasitohaifitlagp &cwhaeio dimpetcimesspaciBoenmpmses ammonium
fluoride. 11. The conposition of claim1l, further
cftuosgdé.si ng a surfactant. 12. The conposition of claim

11, wherein the surfactant conprises at |east one
noni oni ¢ surfactant selected fromthe group consisting

f fl @L§¥ . NoxylAt &k

1. 191%3? tant
ﬁluorﬁgég a gﬁ?§?&g§?§gﬁﬁ$?§%e g f%ﬁﬁs?cﬁélypropylene
gl ycol s, polyethylene ethers, polypropylene glyco
et hers, carboxylic acid salts, dodecyl benzenesul fonic
déi d, Thedewposiienizeidsigl 1 bnvkereia|the surgrgiaphenyprises at least one
pol yners, dinonyl phenyl pol yoxyethyl ene, silicone
pohipnisr sirfaptouli felesteds frpine e egrper womsisting anf eflydreatkyd surfactants,
diols, nodified acetylenic diols, alkylammoniumsalts,
rvtebixflaed  fluorosurfactants, polyethylene glycols, polypropylene glycols,
polyethylene ethers, polypropylene glycol ethers, carboxylic acid salts,
dodecylbenzenesulfonic acid, dodecylbenzenesulfonic salts, polyacrylate polymers,
dinonylphenyl polyoxyethylene, silicone polymers, modified silicone polymers,

acetylenic diols, modified acetylenic diols, alkylammonium salts, modified

alkylammonium salts, and combinations comprising at least one of the foregoing.

13.  The composition of claim 11, wherein the surfactant comprises at least one
anionic surfactant selected from the group consisting of fluorosurfactants, sodium alkyl
sulfates, ammonium alkyl sulfates, alkyl (C,o-Cis) carboxylic acid ammonium salts,
sodium sulfosuccinates and esters thereof, and alkyl (C,o-Cis) sulfonic acid sodium

salts.
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al kyl ammoni um sal ts, and conbi nati ons conprising at
| east one of the foregoing. 13. The conposition of

WO edoaioga2dll, wherein the surfactant conprises apPCtT/@8m05/006228
one anionic surfactant selected fromthe group
dansi Thé bgnmisitioh wéclagn 1 acleacih the smefdétanmcamiiises an ethoxylated
sul fates, ammoni um al kyl sul fates, al kyl (G O C18)
drbheurctaat.aci d ammoni um salts, sodi um sul f osucci nat es
and esters thereof, and alkyl (Co-Cl ) sulfonic acid
sodium sal ts. 14. The conposition of claim 11, wherein
Eﬁof gLé L ?(?l‘ltlé)gonlttlo § OF@ L I > ﬁvél%gbn tkp %%%L olﬁn%fet‘g?egiﬂ}ﬁ tfx,lder and the

n.t.he i

n . er._and.t he
%109% e aPHEHG pRReTe, an?p&Sﬁawm%wgﬂa AP S
i.nt ernmol ecul ar .i nt ctlo s selected, f roup
SBHEPE BIoHG SO P AR FRTOG 2R A Y 0RaT s
forces. 16. The conposition of claim1l1l, wherein the
bi nder conprises a polyneric al cohol derived from at
l16ast Thaeormdsition of clain ¥, winseih tiredtiadtr coaprisana polyiherid hleohol
conmposition of claim1, wherein the binder conprises
[detiyedi front atdtasodrelethyldlicallnensetompaiseddtaan of claim 1,
wherein the binder conprises a polyneric am ne derived
fromat |east one ethylenically unsaturated reactant.

T .

Czn‘pr ?Eee g %9?/1\95 h§ a191f1 Q&lhgxleglorile Wg&{:cg}n 8%%3? %kﬁgfz{lcohol.
claim1, wherein the |nteract|ons bet ween t he bi nder
and the silicon-containing particulate material reduce
tl8e silh¢ eompasisien & alaity |pahereinthe badergoaiiisgs pRlyinerinamine
the surface of the sem conductor wafer. 21. The
clenysdstom grieast onglegliytanicallywnsp@ratedithactantyr f ace passi vat or
is selected fromthe group consisting of boric acid,
triethyl borate and triethanol am ne. 22. The

Q9NPOShd EdboRtiok bBd 1ML, WHRRIEhE binB& BHPEHAS PoRRS] AAhOT
conprises boric

20. The composition of claim 1, wherein the interactions between the binder and the
silicon-containing particulate material reduce the silicon-containing particulate material

count on the surface of the semiconductor wafer.

21.  The composition of claim 1, wherein the surface passivator is selected from the

group consisting of boric acid, triethyl borate and triethanolamine.

22.  The composition of claim 1, wherein the surface passivator comprises boric

acid.
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aci d.23. The conposition of claim11, wherein the
conposition conprises about 75.0%to about 99. 9% SCF

WO 20951084201 05% t 0 about 22. 5% co-sol vent, aboutPOT/032605/006228
about 5.0% etchant, about 0.01%to about 1.25% surface
R3SSi TAE Bmpoatioh bf flaithl Powihereabtt tomposhiftn Rbiftses 2Bt 190% to
about 1.25% surfactant and about 0.01%to about 3.5%

A8612190 DeLISORtaBbut (BESEE BButl2659% 6d-adlvengiaBhit 0af1%4 fo&about 5.0%
conposition. 24. The conposition of claim 23, wherein

th@aktabiiont 001616 RB&: 1128954 fa8€ BashiRatsH, WB&R10.019 RLMBht 3.75%
2:3 to about 4:3. 25. A method of renoving

$idde£ 995 LAUBbEI 1M 8P s RAELhCHHIAbSut MBIVl bbAM.RY% deionized water,
sem conduct or wafer surface having sane thereon, said

q%%hqthQQB[W&gﬂgﬁggﬂ% Bhpgithe wafer surface with a

SCF- based conposition conprising a SCF, at |east one
cosol vent, at |east one etchant species, at |east one
surface paSS|vator a binder interactjve with said

&A1 i cdhe emRosition 0§ g £3.chiesin thegptia ?fathFBt tQ §ace gassivator
renoval thereof, deionized water, and optionally at
lipzhopt Ao Bgpt4dt ant, for sufficient time and under
sufficient contacting conditions to renove the
silicon-containing particulate matter fromthe surface
ok, t ha sgehedneucEbvinaT Siliconéontalkify Npirh@date©f mattéi Mrom a
25, wherein the SCF is selected fromthe group

Genzbsduc Y wafer GaRE Matth® XdnttetheR¥Y, 3810 mAKAIdmpkiEMP toHlacting
xenon, and ammoni a. 27. The method of cl ai m 25,

Vﬂikecvgfep sirfRe S £ 90PHhR8ToRPbIMh SintpHsHg - a SEF, al&ist one co-

nmet hod of claim25, wherein the contactlng condi ti ons

GORPLY 5Gedlf (ﬁl%%%?lﬁ s &‘:1(% a[t%gteongfsutffﬁc@ B &RAE, altaftfer trfferactive

about” 4500 psi . he method of claim25, wherein
tl
%%Sstagfs)ﬂ%cgﬁ acb U ulnﬁﬂfngrrﬂcﬁléﬁeggﬁeﬁﬁ g }gE%cL %ﬁmdﬁ tﬂ%‘x‘éof Atielomzed

éga]’t(ilr\é%%e(f gﬂtf&néll}eatclgaf 8!1(’)’ Sj?f'acﬁgtm?(;r' Sffeid tllm%aa%'ﬂ uM3& sufficient

contacting conditions to remove the silicon-containing particulate matter from the

surface of the semiconductor wafer.

26.  The method of claim 25, wherein the SCF is selected from the group consisting

of carbon dioxide, oxygen, argon, krypton, xenon, and ammonia.
27.  The method of claim 25, wherein the SCF comprises carbon dioxide.

28.  The method of claim 25, wherein the contacting conditions comprise pressures

in a range of from about 1200 to about 4500 psi.
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selected fromthe group consisting of al kanol s,

di net hyl sul f oxi de, sul fol ane, catechol, ethyl |actate,
WO amsenel butyl carbitol, nonoethanol am ne, beECTUS1005/006228
| act one, al kyl carbonates, glycol am nes, or a mxture
6. t WFh® neffod &f @laimxsh whpei @sd cahtacting @inteeis hod reige of from

claim 25, wherein the co-solvent conprises at | east
QABSut @kniGued ©GBet.2033nutddle net hod of cl ai m 25, wherein
the silicon-containing particulate matter conprises
S|I|con nitride. 33. The nethod of claim 25, mhereln

t | at
S0 cohe COﬁ’ag%?éla{rﬁ]#q”‘ﬁé"t“h3‘3%8?501%%?%“%3“%0 BraoRE pofeent
I d ti.cle
SPSAE e BERP BRI 64 VEGI BERUGTEl BHOG SRR Brtchol
2’@'&'; dedaiegseciatie MnGHbIS: aa%p%wfa%%? if9] o, S

etchant species is selected fromthe g %up consi sting
GRTORGAFSH BIY ER) RIMENCERA @ MIXHFR AP F oS ale@, SPE9ISSt hyl ani ne
trihydrofluoride and bifluoride salts. 36. The net hod
of claim 25, wherein the etchant species conprises
3NMoniTHenfetho@rof dRim 25, Wheeithdoalsddvent camphis2sat kast bheC-Cg
conprising a surfactant. 38. The nmethod of claim 37,
whehrgli N the surfactant conprises at | east one nonionic
surfactant selected fromthe group consisting of
fluoroal kyl surfactants, ethoxylated
fg7. ;2& ur f cisja P{}y‘a ?5 elme e b%ornoc&rll aup é?&l%l?t% SAStter
et her.s, @1rb0§é%|0 acid salts dodecylbenzenesulfonlc

&

Femprisey SR MBS, enesul foni ¢ salts, pol yacryl ate
pol yners, di nonyl phenyl pol yoxyet hyl ene,

33.  The method of claim 25, wherein the silicon-containing particulate matter

comprises silicon oxide.

34.  The method of claim 31, wherein the silicon nitride particles are generated
during plasma-enhanced chemical vapor deposition (PECVD) of a silicon-containing

material at the semiconductor wafer surface.

35.  The method of claim 25, wherein the etchant species is selected from the group
consisting of hydrofluoric acid, ammonium fluoride, triethylamine trihydrofluoride and

bifluoride salts.

36.  The method of claim 25, wherein the etchant species comprises ammonium

fluoride.
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silicone polyners, nodified silicone polyners,

acetylenic diols, nodified acetylenic diols,
woabdsyissaamoni um sal ts, nodified al kyl anmoni um sairius200a0ab228

conbi nati ons conprising at | east one of the foregoing.

39. The mehbdel dimQlsafurthd €omphisingh surfddanisur f act ant

conprises at | east one anionic surfactant sel ected

fromthe group consisting of fluorosurfactants, sodium

?%:Ikyl '&Iil'” ft%oc? iy clalm%nwﬂeraﬂ tﬁé’ éurfc’c'xgt t%to%?)riseélak %last one nonionic

car I C
)surtaﬁfapg Fﬁ‘i{g_’crt]e tﬁ%mgtgglg{ej)rsﬁ)er ﬁstlsttﬂlgifg%diaﬁoaaﬂcﬁe P‘F}r an O bey:l‘ated
b
Phtrositiy alf’%‘B‘ﬁ bee bl ot l?OémFéR G a:p"’(chSYEi*iSéP% gihers,
h
'e&fxﬁr%é‘i’ﬁrﬁ% “gi;% wﬁw%@ic%ﬁ»a@ﬂ%. A ai o PR o acid

f orces. met hod of cl aim 25, wherein th bi nd
GN%YIP@%“%UI&BH‘%/%% CoT A POBETS, GHOPI IR P e,
one eth |caII¥ unsaturated reactant. 42. The net hod
sificeap wpditied pilicone nolyeras. acenishic <als,gapdi{ischggetylenic

al cohol . 43. The nethod of claim25, wherein the binder
diotpr allsdammoniamy selfs cmediie alofanymeninofalise and aeqmbgpations
ethyl enically unsaturated reactant. 44. The nethod of
edmpnininEt leapieme phthe haegsingder conpri ses pol yvi nyl

am ne. 45. The nethod of claim4l, wherein the

pol ymeric al cohol adsorbs to silazane (Si2-NH) and/or

35| anPhe fadhodbt ciinP3RSviRteid 1he sSiidiAe Borprise&18t least one anionic
silicon-containing particul ate material. 46. The

e@rﬂe% Qfle&b@i fBnd Rne WRRHCLhsishfy DEr iReRuiataitY aodfun Slkyl
sel ected fromthe group consisting of boric acid,

Elflfa%sh)ﬁlnn'}aﬂﬁlﬁnt ﬁkﬁ%ﬁﬁ&é %MQ@IO%P&Tbﬁ}llc 1he aﬂﬁﬁdﬁﬂﬁn Qs

alm 2 ereln e surface paSSIVator Conprlses
p(?(fu'uﬁ sﬁﬁ’bs‘accmates and esters thereof, and alkyl (C;-C;g) sulfonic acid sodium

salts.

40. The method of claim 25, wherein the interactions between the binder and the
silicon-containing particulate material comprise intermolecular interactions selected

from the group consisting of hydrogen bonding and van der Waals forces.

41.  The method of claim 25, wherein the binder comprises a polymeric alcohol

derived from at least one ethylenically unsaturated reactant.

42.  The method of claim 25, wherein the binder comprises polyvinyl alcohol.
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48. The nethod of claim 25, wherein the SCF-based
conposition conprises about 75.0%to about 99. 9% SCF

WO aw6/084201 05% t 0 about 22. 5% co-sol vent, about POT/0320$/a06228
about 5.0% etchant, about 0.01%to about 1.25% surface
passi Ta¢ aethagbafutlath Q3 %vhareiabtbeltbiritler” 58Mmiwmises @r polHericoamine
about 1.25% surfactant and about 0.01%to about 3.5%
dieticxdi fronl atiedsesne ditgdanttallnuisherdtat @actaei ght of t he
conmposition. 49. The nethod of claim 25, wherein the
contacting step conprises a cycle including (i)

na I

q&it h”}rﬁ Ine&p/d 89&5 ﬁ} a§C g/g%rg%ttfég]ﬁn&q?xﬁgﬁs%g p&mﬂ%ﬁlﬁ
silicon- contalnlng particul ate naterlal and (ii)
static soaking contacting of the SCF- based conposi tion
Wiot h The metfodrofsgizifgtle whskin ithei pfdyrpﬁrg: alcohol adsorbs to silazane
siliconcontaining particulate material.50. The nethod
¢Pi-NFi amdd®, silimel €$iFORRigthupy it ethe omfm‘res ef the tsdiven-corgdiying
and repetitively carrying out dynam c flow contacting
padicslagtmatersbaki ng contacti ng of the wafer surface
contai ning the silicon-containing particul ate
material. 51. The nethod of claim 25, wherein the

G@nt aghé ARt ddidNSs, GRERI &E shﬁ“meﬁa%%&sls sE‘le&eJ B Cthe
from about 300C to about 1000C. 52. ‘The nethod of

N Iy el gs conprise
téﬁ%g?égﬁ}g@§Fﬁkgw%%ﬁgegpggﬁ%a u&%&to about 700C.
53. The nethod of claim 25, further conprising the
step of washing the wafer surface, at a region at
Wi chThemethpd pg@wnb?e% pheinthe walaeq pagsisater omPERISDOTIRMAGIS
been renoved, wi th a SCF/ net hanol / dei oni zed water wash
solution in a first washing step, and with a SCF in a
HBCONThVAR OB Gf STafiP 25,1 Whdr AMHEES CTeBdsEd 3dmpUisitioh Roipfiel about
chem cal additives in said first washing step, and to

78I0Y B SR8 90I9Y, JUTE @bt hANSeHoCINBH £04% dEAbIvEMESH0ANGH % to
resi dual al cohol in said second washing step.

about 5.0% etchant, about 0.01% to about 1.25% surface passivator, about 0.01% to

about 3.75% binder, 0% to about 1.25% surfactant and about 0.01% to about 3.5%

deionized water, based on the total weight of the composition.

49.  The method of claim 25, wherein the contacting step comprises a cycle
including (i) dynamic flow contacting of the SCF-based composition with the wafer
surface containing the silicon-containing particulate material, and (ii) static soaking
contacting of the SCF-based composition with the wafer surface containing the silicon-

containing particulate material.
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54. The nethod of claimb53, wherein the SCF is SCCQ2.
55. A conposition for renoving silicon-containing
wopenstoseul ate material fromthe surface of a PCT/US2005/006228
sem conduct or wafer, said conposition conprising about
36. 09T he® nadviondt ob @lalifo 49CHyheadin shidOc 1)/ wodrapdes uilterhbtif¥ly and
co-sol vent, about 0.25%to about 5.0% etchant, and
ogetitvedy tatryadpoatit dPRantio flalyashtadtin}d4nd kdtia Gbakiig cdneasetk ofithe
the total weight of the conposition. 56. A nethod of
MR Wit e SOhthia MG tiieOsllicdhRbM@inpgphiteulafitattilt er from a
sem conduct or wafer surface having sane thereon, said
met hod conpri sing: pre-cleaning the wafer surface vvi t h
os i,tian I.S

§er aﬁ ase }6%1; e‘gg% am ﬁe =0 ﬁl'b fcg?tgﬁjq{r%r Congﬂg)gﬁ dcompnse
t act SCF
gegapﬁg{wl n r?ra qngigwéy%&g%fz?bogf {hog%st ongsgo- sol vent ,

at | east one etchant species, and optionally at |east
one surfactant, for sufficient time and under

Sf f i Thennetbahtalctiaimg Z59nwhé¢rkion shet gontestmge corldgions comprise
silicon-containing particulate matter fromthe surface
e mpiekgurseim acomgtUfcinoaboned 03€ to &odut TE. net hod of claim

56, wherein the aqueous-based pre-cleaning formul ation
conpri ses ammoni um hydr oxi de, t-butyl hydrogen

Wgr oxipfle nﬁg{&d &lim §$ fuxﬂeﬁs&)ﬁ-{pﬂgﬂ Qe Q%ﬁ'o@v?a@hm the wafer

erel n war er surrtace | eane ssure
rsﬁ'?z%g, d ? %ﬁg)rp le gvé?cg v\%lg féielchIQ cﬂﬁzgh%g ??19%8?1 eatgélt%gal JJ%% been

RS eov%h,g\g@t I&/met]tnannpgelomzed watern esh fscr)lg{r(])nalkr)loauhrstd' Qvgs ing 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.
54. The method of claim 53, wherein the SCF is SCCO;.

55. A composition for removing silicon-containing particulate material from the
surface of a semiconductor wafer, said composition comprising about 85.0% to about
99.0% SCF, about 0.01% to about 15.0% co-solvent, about 0.25% to about 5.0%
etchant, and optionally about 0% to about 3.0% surfactant, based on the total weight of

the composition.

56. A method of removing silicon-containing particulate matter from a

semiconductor wafer surface having same thereon, said method comprising:
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pre-cleaning the wafer surface with a SCF-based pre-cleaning composition

comprising a SCF and an aqueous-based pre-cleaning formulation; and

contacting the wafer surface with a SCF-based composition comprising a SCF,
at least one co-solvent, at least one etchant species, and optionally at least one
surfactant, for sufficient time and under sufficient contacting conditions to
remove the silicon-containing particulate matter from the surface of the

semiconductor wafer.

57.  The method of claim 56, wherein the aqueous-based pre-cleaning formulation

comprises ammonium hydroxide, t-butyl hydrogen peroxide and water.

58.  The method of claim 56, wherein the wafer surface is pre-cleaned in a pressure

range from about 1200 psi to about 2900 psi.

59.  The method of claim 56, wherein the wafer surface is pre-cleaned in a

temperature range from about 40°C to about 60°C.
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