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APPARATUS FOR REMOVI NG RESI DUES FROM SEM CONDUCTOR
weRBSTRASES (1) Field of the Invention [0001] REOEUS2005/005587

present invention generally relates to a process and

apparatus for cleaning substrates. Mre particularly,

the present invention relates to processes for

renovi ng residues including etch, netal, and non-net al

resi dues from sem conductor substrates. The instant
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[ 0002] The sem conductor industry faces challenges to

produce devices wth increasingly smaller features to

i ncrease el ectrical conponent density per wunit area

¢h Eieldhof thehaventienhance operating speed of the

sem conductor. Electrical conmponents of seniconductor

devi ces are now approachi ng sizes and/or dinensions

such that surface tension generated by conventional
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fresuiseancendiictert substretes b bleeinatand investion fisiseapplication in many
processi ng and cl eani ng of substrates, wafers, and/or
pedtaessed wlichras. colemendialasiiicty Whfsr gsodunctiomppr oaches or
processes that address 1 WD 2005/081289

PCT/ US2005/ 005587 t he fundanental surface tension

[imtation that remain reactive toward tenaci ous

r i dues are needed. The term "tenaci ous
1) BaEkated

escri bes the

[0002] The semiconductor industry faces challenges to produce devices
with increasingly smaller features to increase electrical component density per
unit area on a wafer and to enhance operating speed of the semiconductor.
Electrical components of semiconductor devices are now approaching sizes
and/or dimensions such that surface tension generated by conventional aqueous
and semi-aqueous cleaning solutions during manufacturing may damage the
extremely delicate electrical components and/or features. Ultimately the surface
tension exerted in these liquids on the small wafer surface features and patterns
will exceed the critical stress, the point of structural failure, making conventional
aqueous and semi-aqueous fluids unsuitable or at worst obsolete for next-
generation processing and cleaning of substrates, wafers, and/or
semiconductors. New cleaning fluids and approaches or processes that address

1



typically high nol ecul ar wei ght and het er ogenous

resi dues conprising conbinations of netallic and/or
woensoe2ad | i ¢ residues introduced to a substraP€T/US2005/005587

surface during wafer processing (e.g., plasma etching)

and which becone partially or fully polynerized or
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residues, as well as non-metal residues including carbon (C), nitrogen (N),
oxygen (O), phosphorus (P), sulfur (S), or others (F, Cl, |, Si,) may be deposited
on a surface on various patterned structures (i.e., vias) in the form of
particulates, crumbs, mounds, striations, films, and molecular layers. Presence
of such residues following processing may lead to a faulty or failed device. Thus,
commercial production-requires residues to be removed from the wafer.

[0004] Densified fluids including near-critical and supercritical fluids can
address the fundamental surface tension limitation associated with aqueous and

semiaqueous fluids without risking structural collapse of features. However, a

major drawback of densified fluid systems is that they are non-reactive, having



[ 0005] Accordingly, there remains a need to show an
effective systemfor renoving tenacious residues from
wa@eososnguct or substrates and/ or surfaces thaPCT/US2005/005587

addr esses cri tical surface tension limtations. W
present a "reactive" systemwherein 1) renoval of
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ace actlons effecting residue re
i nclude, but are not limted to, the group of
chem cal, oxidation, reduction, nolecular-weight 3 W
2005/ 081289 PCT/ U82005/ 005587 _reduction, fragnent
cracking, exchangeSUMMARYOFORHEJNVENTIQN on.

conpl exation (including polar head group reacti ons

within the inner polar cores of the reactive reverse

m cell es or aggregates), and conbi nations thereof.

[0006] The present invention relates to a “reactive” system and process
for effecting removal of tenacious residues found on substrates and surfaces
such as a semiconductor (e.g., silicon) surface. Residues may include, but are
not limited to, the group of organic residues, metal residues, etch residues, non-
metal residues, polymeric residues, and combinations thereof. The term
“reactive” in reference to the systems of the present invention describes
chemical processes or reactions wherein combinations of chemically reactive
agents or constituents present in the densified fluid and/or reverse micelle core
react with and chemically modify residues thereby effecting removal from the

substrate or surface. Reactions effecting residue removal may include, but are

not limited to, the group of chemical, oxidation, reduction, molecular-weight
3



[0007] The reactive systens of the present invention

are distinguished fromother densified fluid cleaning
weyasesesknown in the art in at |east the fol POMMIBIY05/005587

key areas. First, the present invention enbodies

reactive approaches for effecting residue renpval
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area. For exanple, a nonolayer of pure silicon on a
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resi due renoval occur in 5 mnutes or |ess on average.
Bzampls, bt I8sideecremisvairie gffexdentit inddstsy .actaptedl gontamination
and significantly, the systens enbodied in the
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on small wafer features, thus being ultimtely useful
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fluidis %:S at ,standard tenperature and 4 WO
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density of the fluid is above the critical density of
shetefmaudithe @psentonivention hawd baan shovortpoeemve @sidues to a level
interm xing the densified fluid and the

of about 4 X 10" atoms/cm? or better, making them ultimately viable for
commercial use. Secondly, systems of the present invention offer enhanced
speeds and/or efficiencies for effecting removal of residues. For example,
residue removal occurs in a maximum period up to 15 minutes. Typical periods
for residue removal occur in 5 minutes or less on average. Periods of 15
seconds are presently ideal. Thirdly, and significantly, the systems embodied in
the present invention exert low surface tension stresses on small wafer features,
thus being ultimately useful for commercial processing applications into the next
generation of feature development and beyond.

[0008] The process of the present invention generally comprises 1)

providing a densified fluid wherein the fluid is a gas at standard temperature and
4



cl eani ng conmponent whereby a reactive cleaning fluid
is formed conprising reactive reverse-mcelles or
WO e@S31269 aggr egat es; and 4) contacting a resiBPOUBUSINS/@05587
substrate with the reactive cleaning fluid for a tine
tr whereby the residue is chemcally nodified and
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as a tenperature of 0 C and a pressure of 1 atm[-1.01
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(Tr) isothernms are specifi ed. 5 WO 2005/ 081289

PaTopIBIEYS3tepsBgudes Aasingdhe cdeanathevhace withraetngiag fluid to aide
pressure, and reduced density are further
in the recovery or removal of spent cleaning fluid containing the chemically

modified residues.

[0010] The term “densified” as used herein refers to fluid forming materials
or compounds that exist as gases under standard temperature and pressure
(STP) conditions and which (as fluids) are maintained at a density (p) above the
critical density (e.g., p > pc) for the specified fluid material. STP is universally
defined as a temperature of 0 °C and a pressure of 1 atm [~1.01 bar]. Densified
fluids comprise the group of liquefied gases and/or supercritical fluids.
Appropriate temperature and pressure regimes above the critical density may be
selected from a plot of reduced pressure (P;) as a function of reduced density (py)

whereby the corresponding reduced temperature (T;) isotherms are specified.
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defined by the respective ratios Tr=T/Tc, Pr= P/Pc,
and Pr=P/ Pc where Tc, Pc, and pc define the critica

WO eopesasure, critical pressure, and critical PEnEs1005/005587
respectively. The process of the present invention
preferably applies fluids having reduced densities

e.rg'aﬁcéénc%ﬁ'lrgp rgmrébﬁébf/ulcﬁgt }?ré% uwr%wed;rréé@ée?ﬁ'dlénsw are further

are enpl oyed uced sities in

T Wl PR T . o
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Publ i shi ng, 1976, pg. 361) and ultimately useful _
mspecteely. cdind p‘rwsmhéh@ presemdt1 ingention =preferablt mpplies fluids
(or 1,071 psi), CRC Handbook, 71st ed., 1990, pg.

bavify reffacedd2nsitibs iethd rmge ﬁeﬁﬁabdut(’pﬁ) 3i SMore preferably, fluids
approximately 0.47 g/cc ("Properties of Gases and

éf@éwg)ﬁ)yed%%\n c@ﬁd@ﬂéltiesoiﬂ th@?’??ﬂ%"ﬂ%ﬁ?a%uﬂ ’Pt%Z.

def | dbythe erm ( ere Vc I's

Eid”aliabenﬁ‘h#”@%"ﬁ%e é'g'qgﬁ ﬁ%@géﬂﬁ%éhﬁ%e Hpobg comprises
5l S S £ AT e o
i ncludi ng substitute erivatives thereo

g. Elseies Ssientiflcudublishing )974n dge §6i1y aindnylimately useful critical
al t hough flammabi ity and toxicity issues present

saviditions onherens .+ 6109€, dids F2edim Tbe 1f07anpsibi CROyHandbook, 71°
I|mt for butane, for exanple, is 1.86% by volune in

84’ 10 lj'aﬁdiyiOlFoﬂd@E tRE criticA X hsith Q(pc)]ihl@ uabg}@xNé@eIgSOA? glce

0|sonous 2] As noted herei nabove urfac

o0 AR e L A AR SRR Fofipidtagers o
delaed B euternt 6 Ve Meds WOk bt &/ nthebRTGRI volume.  Oter
aqueous and sem aqueous fluids will eventually exceed

gaged thatunay dindt patantiajtusesas deosified fitids plude, djut are not limited

structure failure, collapsing 6 W 2005/081289
oCT/athane5/(QRBI3H 7 ethylene (CyH4), propane (CszHg), butane (CsHqo),

sulfurhexafluoride (SFg), and ammonia (NH3), including substituted derivatives
thereof (e.g., chlorotrifluoroethane) and equivalents, although flammability and
toxicity issues present safety concerns to be addressed. The flammability limit
for butane, for example, is 1.86% by volume in air (CRC Handbook, 715 ed.,
1990, pg. 16-16); NH3 is poisonous.

[0012] As noted hereinabove, fluid surface tension also remains a
significant concern. As the size of features on semiconductor and wafer
surfaces continues to decrease and feature density per unit area continues to
increase, surface tension in aqueous and semiaqueous fluids will eventually

exceed the feature critical stress o¢q, the point of structure failure, collapsing
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and/ or damagi ng the features during the drying phase

of production to renove water. Surface tension of
wowriosnsesy 20 C i s about 73 dynes/cm (CRC HandbpoRpS2005/005587

71St ed., 1990, pg. 6-8). Dinethyl acetam de, a

commercial sem aqueous cleaning fluid, exhibits a
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factor of from25 to 60 bel ow the surface tension for
aleanimgaftEd) exhibits assyrfaresensioni SOULC bf abdyt 32 dynes/cm (Table of
respectively. And, while surface tension for water is

Pﬂgslbﬁl hﬂr@penuetshm@up%ﬁfy tSoh@ntPBasts, dbgsoBUkdiG 2Md Jackson
the waf er substrate beconmes signifi cant at the
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?@bﬁﬂﬂ?&f‘a@s 33% (ﬁ/& O(t Iliﬁ %%Cso é:ﬁﬁgiéggg%lsevier Scientific

fluids, includi densn‘led andliguefledCOZ gas_an
Buplishing.t 194, 3|8|),u3 tacterf fiam 2576 Q%Ia@lowdhsm tension for

t he fundanmental surface tension concern associ ated
ai cdmpayabteusesmadgaeaus ag espiesus [fleicthi negpedtivaly. ofdyiwtile surface
that surface tension becones negligible as the fluid

fRicfdragateRes egligibR) inPBedupelréiticdl phBse paksoitioh of the wafer
ordinary skill inthe art will recognize the w de

SGb&Rlth %c%?nése\éﬂ'pﬁﬁ%ﬁf St eIy S8 rRicAl f@anﬂué%utLH%"’FBP Water (T, =
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s Ll gorGe BRs HamdiPtk, il s 146, R@Dp—@gg g%%ggﬁg?.ﬁ%@gous and

and super critical fluids my be envisioned. Thu

AAWEQUs iflyids §Onﬁﬂ%dedb9ypmhl@r@ﬁts%l%m@ dtuids at "bést. Densified
conditions herein ideally suited substrate processing

tpids atnichuting [dedsdiedTared ligngfeadaClregas add mipereiticadZ O, fluid can
gas (e.g., liquefied C2) is preferably in the range
f;ﬂ&%éhﬁdd tB@dbrdgy D fladantdntal puFscaItenslon tebrekavtassociated
with agueous and semi-aqueous cleaning solutions given that surface tension
becomes negligible as the fluid approaches the critical point.

[0013] The person of ordinary skill in the art will recognize the wide
selection of temperature and pressure profiles usable in conjunction with the
systems of the present invention. For example, pressures up to 10,000 psi and
temperatures fully encompassing the range of densified and super critical fluids
may be envisioned. Thus, no limitation is intended by the disclosure of
conditions herein ideally suited substrate processing operations.

[0014] The temperature of densified CO, gas (e.g., liquefied CO,) is

preferably in the range from about -80 °C to 150 °C with a pressure up to about
7



WD 2005/ 081289 PCT/ US2005/ 005587 3000 psi inclusive.
More preferably, a tenperature may be sel ected of up

wo e0oassii289 ncl uding 60 C with a pressure in thePCHIE®0S/005587
from850 psi up to 3000 psi inclusive. Most
preferably, conditions are sel ected whereby
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Si, .an ity in the densified |iqui ds th .
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[0015] Density increases may al so be expl oi bed in a )
mohesive.dost piedenaply. conditions prensaleded vyheregy damperature is at or
and/ or tenperature in the system For exanple,
deasidomitempepaivee (dpprokinmtelg@D-25 3CYH, presgoreGsaapproximately 850
approximately 870 psi (60 bar) is 0.78 g/cc
B'éﬁrémdcb@mﬁﬂ/i it (Besdérgified Bhaieversecls bt ¢ritloal density of pure CO,
ubl i shing, 1976, pg. 338]. At 2900 psi (200 bar),

Si h RET s inthe fluid to approximately 0.94
6705 0% 935 9%8F 1

0%T ncrease. Similar or greater effects can

g7t *oontertil BEiseS Bl oribB P SR 55 Bgpeined fuid by

pressure and/or tenperature. For exanple, in a pur

sifgeting charges opregsure and/ootemparaturg 3pdhe syst nfqryexample,
is approximately 0.48 g/cc. At 2900 psi, density in
thesiBCInt & piute liquefiech €6% yd @t 20 ) eoq approXisiately&¥epsi (60 bar)
In general, for a CO2 fluid system under

P yldc EBheydlopedie s Gald Eldenitst, Stibatifiy Fubiishiegd 1976, pg.
only exceed the critical paranmeters where Tc= 31 C

?gﬁEeAt 9@@)0&)%? '(% Oﬁtaﬂg geﬁsiﬂr therddses: inﬁpéqlui@?cgéép?oximately 0.94

rature o C, a pressure for an
syste e nly bg. | ec d J . i
B0 Trbobish: S B Erofo HEY chlide Gl ingayperoritica
SCE systens up to 150 C are conceptual |y practicable
($C1 ﬁé'@e‘ﬁ@?@%yd?'ghﬁ’éde%‘r'ﬁ? iC8A t?éj KX PE‘X@' a5RifReHneqf pressure
above the critical density. Because the polarity of a
ded&irfteayesatusap &oc exampié, inlaipdrea supeyeritieal €02 #piideat 40 °C and
renoval of tenacious residues of interest froma
4800 tpshtdersity fisappraxdidatelp 048 giedi fAtC2800o0ps, tonsibein the SC fluid
fluid nust be nmade, as described hereinafter.
increases to 0.84 g/cc, a 75% increase. In general, for a CO, fluid system under
supercritical fluid (SCF) conditions, the system need only exceed the critical
parameters where T= 31 °C; P, = 1,071 psi; and p.. = 0.47 g/cc. Thus, above a
temperature of about 32 °C, a pressure for an SCF system need only be
selected whereby the density exceeds the critical density of CO,. Temperatures
for SCF systems up to 150 °C are conceptually practicable if the density of the
solution mixture is maintained above the critical density. Because the polarity of
a densified or supercritical fluid is too low to effect removal of tenacious residues

of interest from a substrate surface, additional modifications to the fluid must be

made, as described hereinafter.



8 WO 2005/ 081289 PCT/ US2005/ 005587 [0016] Surfactants
of the present invention are preferably selected from
wo b@sgsnep of reverse-micelle form ng surfact antBUS2MS/005587
co-surfactants including, but not limted to,
C02-philic, anionic, cationic, non-ionic,
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) D s 1 ACPRAIUC neGais, 1saogice  HGDIPRA | aticsionic, and

vari ous classes of fluorinated hydrocarbons, and

¢ombinatiane dtherapfn fliesentby i sisfantariar peaderablys comiised angerfluoro-
PFPE surfactants, PFPE carboxyl ates (i ncludi ng PFPE
mﬂmheml%lé?ﬁpmbmmé or dabRlgitofratarbantamtaiRfigEtail so as to

phosphat es, fluorocarbon carboxyl ates, PFPE
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anmoni um sul fonates), fluorocarbon sul fonates,

% %tgﬁt%t Eﬁ’nﬂu@ axy aéleelsf é)gluié%l!ltﬁgt k goqghﬁg% clﬁggéémaf fluorinated
bwirpé %tn%na Hornessd aothiigemianngies: %@fé’c?apﬁsgﬁrﬁé{ﬁ&@g PFPE

include but _are not limted to the .

swiacianist yPFREmsarkexylatesr (ineludings PFRE eonpoibes . carboxylates),
Non-ionic reverse mcelle form ng surfactants include,
BEPEaphospivditel acids ePRRE pHusphates, fluorocarbon carboxylates, PFPE
pol y- et hyl ene- oxi de- dodecyl - et her class of conpounds,

flltbEarbohl edrbbkfigtésde PRER | ¥@ifonA88 f(lHBI‘EJHir@“aPFPE ammonium
equi val ents thereof. Zwitterionic reverse m cel

{Lﬂ ST\[JB g%rfsgﬁ{fﬁé’tgg ﬂL%’lIoc Fbeomgboécbﬁgtégdaﬁ&l’ sulfonates,

ol i ne c ass

%fefﬁ&'l%\af’@ ??Mgsﬁ osobeGndhes T@Lﬁ@r‘?\bb@lﬁu‘elﬁé?@thy' -hexy)

not limted to, the group of alkyl acid phosphates,
wlfgﬂuca@a&%mn%mnéynamr@omﬂ@%f Gatienial reverseulnaicelle forming
ROH where R is any al kyl or substituted al kyl group
gefartantslikgludalbud laoé s10t lipdtetil todhe dékgHochll-@otmobeium fluoride class
di al kyl sul fosuccinate surfactants, derivatives,

SbdmpodAds. Non-ionic reverse micelle forming surfactants include, but are
not limited to, the poly-ethylene-oxide-dodecyl-ether class of compounds, their
substituted derivatives, and functional equivalents thereof. Zwitterionic reverse
micelle forming surfactants include, but are not limited to, the alpha-
phosphatidyl-choline class of compounds, their substituted derivatives, and
functional equivalents thereof. Co-surfactants include, but are not limited to, the
group of alkyl acid phosphates, alkyl acid sulfonates, alcohols of general formula
ROH where R is any alkyl or substituted alkyl group (e.g., alkyl alcohols,

perfluoroalkyl alcohols), dialkyl sulfosuccinate surfactants, derivatives, salts, and

functional equivalents thereof. Co-surfactants are preferably selected from the
9



functi onal equivalents thereof. Co-surfactants are

preferably selected fromthe 9 WO 2005/081289
wEans082805/ 005587 group consi sting of sodi unPCT/US2005/005587

bi s- (2-ethyl -hexyl) sulfosuccinates (e.g., sodium

AOT), ammoni um bi s-(2-et hyl - hexyl) sul fosucci nat es

o, seBSEERg o] %@“flze%%&t"?ﬁk{ noHIF SuiBBliccinates (e.g., sodium
AR SRR B -GBS Biosiodt i Sselp s cToNiUm AOT),

rendered sol ubl e and/ or capable of form ng reverse
ane dhgib unglienaheaUivalesis erbEdIkes duriaGants andlor co-surfactants not

densified fluid provided at |east one mscible (e.g
issilplei ini the bulk\densiied ftudd IOé-s‘obteﬂtr(g.gsuncbaﬁ@ﬁphﬂic) may also be
co-surfactant is used in the surfactant conbination.

Rehdeiéed solutfe BAHARRaphbIRr sfifopningsvblsd middiies ahd thus Ibe suitable
recogni ze that the useful scope of surfactant and

enbéécg lﬁ%én& ﬁélﬁéf?lﬁld (’i’&f‘de‘gielésgﬁ’oﬂénﬁﬁ sc?glém‘etd V‘?:OQ-phlllc)

ment s reverse form ng SUI‘ acta

E%‘*&E%%Eﬂ*?%&fﬂ%ﬁﬁ”%%ﬁ%ﬁd of {beb S ¥ ekt e surtactant

i nt ended by the %I scl osure of the preferre

COMBAHER; A S [Ty fheregsan @ em&aﬁk"bgbmesaafwwrf@cogmze that
present invention conprise the group of reagents or

thedusefar scopaof whdactund @ndt eo-sidaciant claisees i wide whereby many
provide chemcal reactivity to the reactive cl eaning

éffeidtile dimbotnentsrefaetéree" mieelle $emmingesiafattatas ardoes-surfactants
and defines or otherwise refers to the ability of

?%S:Hcf‘l §?o"h cGrﬁ)Eﬂbﬁ \Aﬁl%eFHeS g'r%bérﬂelnvéﬁt'ﬁ)rijeﬁﬁué RS limitation in

erse micel aggr egat es

S %ﬂh@ﬁ%@%ﬁ@?@?@ﬁ?@%‘&é@ p%?‘%ﬁa‘“é%%%é@@%ﬁ? ‘

urface. vi di n reactjvity be th
EQH? ct ant ?@@ \lﬂ?f’gé'in&iﬂ' geals Qgtﬁﬁcﬂ’fﬁe é'ﬁ’f?‘dﬁ@ﬁ't%ompr ise the
thereof, and/or may be separate chemi cal nodifiers
gttt reaghatsoen moflifiersithabwhen added-ievbestensified fluid provide
m cel |l e(s)/aggregate(s). Reactive chem cal agents or
olsinfoat Feadtivity ito dieraietive ckeingng faidf e fehe ‘ssastivedhs used

m neral acids, fluoride-containing conpounds and

herein describes and defines or otherwise refers to the ability of modifiers or
chemical agents in the bulk densified fluid and/or reverse micelle(s)/aggregates
to chemically modify or react with tenacious residues such that residues are
removed from the substrate surface. Agents providing reactivity may be the
surfactant/co-surfactant itself and/or components thereof, and/or may bé
separate chemical modifiers added to the bulk fluid and/or the reverse
micelle(s)/aggregate(s). Reactive chemical agents or modifiers are preferably
selected from the group of mineral acids, fluoride-containing compounds and

acids, organic acids, amines, alkanolamines, hydroxylamine, peroxides and

other oxygen-containing compounds, chelates, ammonia, and combinations
10



acids, organic acids, am nes, al kanol am nes,
hydr oxyl am ne, peroxi des and other oxygen-contai ni ng

wa@eowposnes, chel ates, amoni a, and conbi nat i oNBCT/OSAMF/005587

2005/ 081289 PCT/ US2005/ 005587 thereof. M neral acids
are preferably selected fromthe group of hydrochloric

e, Witieral adiad BRpTbkordbflPs8 80U I dHIRG ous B ydrochloric
BAG0 S B it (Ee8). Bpralial Ened tr?eir""r%%pective

fluoride- contalnln? onpoynds and acidg inclu
afid distoaigtian Ripdusts (9. hly driesuoleltCaci PQ4|5) oié. ) and salts, and
various dilution acids thereof up to and including

obmbiatiohattkeleplr Bréfemeddluacidd-qootkifinglcaropounis and anids
of 49 vol% HF in water). Organic acids include the

mielddenibat ard Ast irMit&PESDF .2 Agdrofiaofie apiRN@ MY vaabls dilution acids
phosphat e acids (R O PQ3H2 and correspondi ng salts,

gléﬁ’ cof P RPERY %&é@iﬁﬁ%l@é‘ﬁu | a&i’roﬂﬁ?ﬁ: éénagﬁgﬁ& 1:1000 dilution of

I vat'l ves, and ctl ona ul val en

Efarﬁ*jfrﬁw?@ecr? ?%“ga”@?r%??% e FRBeliany Tros i) and

h droxyl am ne derivatives, . and functional
cefiesranding SIS rRRsSPbls B8 43-ORGaiR anggorEaspoRging salts, and

limted to, organic peroxides (RO OR), alkyl
pbosphaiegs(ems@rrdialm ;ubstitbted)derb/etiw&md functional equivalents
[(H3O)3C-O O R ), hydrogen peroxide (H202),

tHepsdf. tRiessirel® alkeablaraines and othendmirals inokidehButafe not limited
Oxygen cont ai ni ng conpounds i nclude, but are not

td 'é'tﬁé‘rfblah%e BB HIRH, Zlﬁ y(ééﬁh @-l@ NHgn)C erivatives,

uncti onal reactive edg ude,
3 ftin%'og%iseh%'xa fepfs o Terfig'ﬁ’gﬁﬁ@?'ﬂﬂ% butarg ghmited to
i L S R
acid [(COOH) 2], and am nopol ycar boxylic acids
[(hleChaéE Pg0eR hy hgarogen-parbxide Bt Oa), substitutescderiyatives) and

derivatives, and salts (e.g., sodium EDTA, etc.)
t:dsmbm‘tion[s@@ér&]of.c@xwgeh edntaifihgicoaipoumelg ineludddiedt sre not limited

constituents or nodifiers to

to, oxygen (O2) and ozone (O3), and functional or reactive equivalents. Chelates
include, but are not limited to, pentandiones; 1,1,1,5,5,5-hexa-fluoro-2,4-
pentandione (also known as hexa-fluoro-acetyl-acetonate or 2,4 pentanedione),
phenanthrolines; 1,10-phenanthroline (C42HgN>), oxalic acid [(COOH),], and
aminopolycarboxylic acids including ethylene-di-amine-tetra-acetic-acid (EDTA),
derivatives, and salts (e.g., sodium EDTA, etc.) thereof.

[0018] Corrosion inhibitors may be added as constituents or modifiers to
the reactive cleaning fluids and systems of the present invention to passivate

and inhibit loss of base metal layers comprising copper or other metals.

Inhibitors include, but are not limited to, benzotriazoles including 1,2,3-
11



the reactive cleaning fluids and systens of the

present invention to passivate and inhibit |oss of
whaws/osesal | ayers conprising copper or other PEL/ERB05/005587

Inhibitors include, but are not limted to,

benzotriazoles including 1,2,3 11 W 2005/ 081289

BeRedtr1dS3R0 2 Q&RSchol BaTbhading aaichol ane-Diaiyeed)-Benzene

i ncl udi ng catechol, 1,2-D -hydroxy-benzene
| . .
e e e e e
3 SO EaT SRl RS i SSisBh et o

densified fluid, the at |east one reverse mcelle- _
[0090ni ng dniermbinehef Hiridensitied dlwid.dbeal leaghanereveise micelle-

reacti ve chem cal agent generates the reactive
foraliegnsumfpdtant éindlor coesuofactearty gmolderi thee rebotive chemical agent

configurations, interm xing of the conponents in the

gehbtités f idrSredcgdst tiainingvatige mhcehbeFf) nfdny possible fluid
"reactive" aggregates wherein reactive chem cal

; : NG I . o .
o kb ThfrAig B 11 SciBohaffaif 136 B e S roverse
in the bulk densified fluid or be distypibuted both i .
mibRIS Efek teree daarcdnics MbrpnEachye chemiid SoRgliients reside

reverse nmcelles is defined by the nolar water-to-
within the pafar migellar ceres. | Altepeglived reastivechemiga! modifiers may
functional "reactive" reverse mcelles or aggregates
redide én dherpeile dengified Ifluid or diel Jistribefed Hotty in the balk tuigeand the
from about 50 A to 5000 A inclusive. The person of

micsiftirnedre. sBidd of thé hevarse middllesr iecagfiriete by tak slotarn@ater-to-
and/ or di nmensions of the reactive reverse mcelle(s)

su@%@ﬁani’aféfiodeg. {jgypg ,/{SLWécﬁﬁﬁ{].arTrY@i e’rctiQﬁaISi“Fé;ﬁc‘ﬁ(/e‘ NRverse

rfactants e as we as ot chem c

.constituents or difiers, e ved in the st e
miSl! of, 868teafs, R dingietnitan8ital Lateterabtly iE e gange from
di scl osure of the preferred system enbodi nents. . )
abPGb@@] Tioe SR+ -'B@Wﬁb’ﬁentﬂ'ﬁ petsom Qf grdinagy skill in the art will
subsequently raised to selected tenperatures and

requurdza tiad sinegedyd/ohdirdensiony qfphei reactiee frevérge micelle(s) can
vary depending on molecular weight or size of the surfactants employed, as well
as other chemical constituents or modifiers employed in the system. Thus, no
limitation in scope is hereby intended by disclosure of the preferred system
embodiments.

[0020] The multi-component fluid mixture is subsequently raised fo
selected temperatures and pressures whereby the density (p) in the fluid
exceeds the critical density (pc) of the bulk fluid thereby effecting formation of a
densified reactive cleaning fluid. The effectiveness of the fluid system toward
residues is determined by the reaction between, and reactivity of, the reactive

reverse micelle(s) and/or reactive aggregates and the targeted substrate
12



exceeds the critical density (p.) of the bulk fluid

thereby effecting formation of a densified reactive
waeb@ansng f 1 uid. The effectiveness of the fl ui BCHYS1005005587

toward residues is determ ned by the reaction

bet ween, and reactivity of, the reactive reverse

F@%cﬁkérse 6?%@%“ %ﬁg@&\fsm@ggr 8f ?éﬁéué?‘i’s RRichAHIS) fecting a

ate 1289 PCT/ US2005/ 005587

r.esi.d f ,int er | r | .
AR B Te! o FEBR g h MR { RS BT 1PEIbE B e reaciive
bet ween the residues of interest. and he,]; edaﬁtlve

reupERe Bigelieds) @ wpclye pediegAiRISAlyihegiansitigd fijdt he

densified fluid. [0021] Rinsing fluids may be enpl oyed
§002dnal | y Rinsiag diuids maytheeem@gw@é gptianally denmisalst it the recovery
the spent reactive cleaning fluid containing

ehesinoahl wf nneispieat reaetbieddeaning fisidngoritaininky chemically modified
preferably conprise the pure densified fluid (e.qg.,

%%uéb F@ngﬁgsﬂmd@ﬁréfé%nﬂc@rhpﬁg@%@ butd edhsifitatikid Fée.g., CO, in

ternativel containing other (C02-mscib

gFeozg{glLX@ cﬁrS%Lg ec}éﬁﬁcﬂlj s#'é ggg o,a%“jérﬁéi géiy,\slg :ffﬁ?cf‘tclﬁntalnlng other

the bul k densified fluid incl . but l i m

CO ARG STBPNGor e For RO RUFSHGANIRF | Sofighents having
al kyl or substituted alk roup having a carbon
nomndgintrationshep tauapeut B8 ﬁytV@lume indbe twll@g;zns@edd‘w including,
[IPrOH, nethanol [MeCH], and ethanol [EtOHl being

bepnhes dinikid ¥ blebholst ofeyehersl \fermolsp ROM swherar Roisy hg alkyl or
aci ds of general formula R-000H where R is any al kyl

%bﬁﬁé?ﬁetd' émylegroa}pkméws@ %P@aﬂ%w MemBef # E@r%ﬁfﬂbm HNo 12, iso-

e range troml (e.g., formc acid

fof?(y)—alc;o%tojj R?ﬁg ur%]&haﬁa—lHFLl\Aeém]o“ ?tl\%‘ﬂg OIr%tOH] being

I'nat e ar bons i ncl udi ng,

to chlor.of met hyl ene ch] ori n
israsonieite Jut ok Puimye ssatbasLs Pﬁﬂqwﬁ Pgs,ghagneral formula
Exanpl es include a rinsing fluid conprising 5% i PrOH
RaCEORH whare Riénany alkl acsubstitited @ik igrewm &eving| 3 cadon number
densified CO2 fluid saturated with H20- O her sol uble
antheorangs drdrhel pol B (e gupfoumits acid [HGODHE det€)? teteahydrofurans
reported by
(THF), chlorinated and/or fluorinated hydrocarbons including, but not limited, to
chloroform, and methylene chloride; and other polar liquids including, but not
limited to, water. Examples include a rinsing fluid comprising 5% iPrOH in the
bulk densified CO, fluid or alternatively, a densified CO; fluid saturated with H>O.
Other soluble and/or miscible polar compounds in liquefied CO, as reported by
Francis in (J. Phys. Chem., 58, 1099-1114, 1954) are hereby incorporated.
[0022] Effectiveness of a reactive cleaning system for wafer or
semiconductor processing is also a function of 1) maintaining a sufficiently low

surface tension to minimize damage to the critical or intricate surface structures;

2) retaining dimensional and/or site attributes of the patterned features or
13



Francis in (J. Phys. Chem, 58, 1099-1114, 1954) are
hereby incorporated. [0022] Effectiveness of a

WO e@ssee9 cl eani ng system for wafer or sem coPdITEINS/005587
processing is also a function of 1) maintaining a
sufficiently low surface tension to mnimze damage

étﬂJétUPes%'r Rbshte @)ﬁ'r\}véi@i'es&fﬁcfea‘aﬁrlﬁérb%bé&@iﬁg, 3§) retaining a
|

retarning mensi onal and/or site attributes of

B BLD §u B M eani*?%‘?@ﬁ%%%ﬁﬁﬁ?ramgngra%f%%fween the

surface during processin ret ai nin ff
YOS Chermicangiaetse, REHISTEa a5, COBRTNENIS Y ABHoAE maintaining

and between the various chem cal noieties, nodifiers,
readtivionsbetwaen sancinamongmethat aheimigally ergective t ynodifiers and/or
bet ween and anong the chemically reactive nodifiers

edestinents dmsie demsified flnidtredidemsofased dffect residuk remeval.
as to effect residue renoval. [0023] Residue anal ysis

L(ﬁﬂ‘ﬁ]ts USR%QIdg%a[é:hqig i rRelift® Nudthg ' SeaARMg @géﬁon M)lcroscopy

Xxam nation an Phot oel ectron Spectroscopy

T
tenms known in the arf in both in their react

aedmrssnynenian a drlingdshed it ataiane ASREuhet dénsified fluid
that continue to prove Probl ematic to the

sysiemsricheroin therartiit both inrdbpindeaefivityanst ability teegffgct removal of
residues (e.g., Cu and Fe), other netal residues

’(e@na@nousAfé&d@@s wedll cestimon -toepveapbdematic Hor e deetconductor
(e.g., containing C N F, Si, P, etc.). Further,

@%ﬁﬂg& ﬁé]@&Yn@ #9RSIAGH R Fésﬂ\&ésh CLNLT! %dr%(}t iotieer metal

order of 5 minutes or |éss can effect

rée%ﬁa}/qasl S@.nﬁ?)ts'é%u\%l’l d no?‘\' I%'%H] 'Sy &gﬁ%‘&ﬁﬂ@?k Ik_?n ddaining C,

he sys nstant I nven

resent _.a new attack and . renpv )
Snfarstct: QFﬁi)tgHg‘gF’BL@SXF Shafiea AR AT b1 R N dpe reactive
or wafer substrate surface. [0024] It is an.object of
fiigs peresibgt orderedt iSominuteshelvess caer pifect é@@p@:@L of residues, a
m cell e cleaning systemthat 1) optimzes wafer
sigaiicanp ageaficemantda thg art. In sum, the systems of the instant invention

present a new capability for attacking and removing unwanted and tenacious
residues from a semiconductor or wafer substrate surface.

[0024] It is an object of the present invention to show a reactive reverse-
micelle cleaning system that 1) optimizes wafer cleaning performance by
removing etch residues and other metal and non-metal residues; 2) comprises
low quantities of chemical modifiers; and 3) exhibits low overall toxicity. The
term “modifiers” defines any additive (chemical or otherwise) introduced to the
fluids of the present systems to enhance reactivity, cleaning performance, speed,
and/or efficiency for removing tenacious residues. Preference is given to

modifiers, additives, solvents, and fluids that in the various application aspects
14



renovi ng etch residues and other netal and non-netal

residues; 2) conprises |ow quantities of chem cal
woreesHsess; and 3) exhibits | ow overall toxiciPgT/US10e5/005587

term"nodifiers" defines any additive (chem cal or

ot herw se) introduced to the fluids of the present

\ésé%%/ 'ra?%ayor 2@?(! EP%QBWé¥ CYmrRe RN rg)?@cé’&%" iR CBBRC €O ptimization

spee I Cl ency renovi ng tenaci ous

resi,due I

iR, GGHEATihd %%%’ea&%im%ﬁ'éﬁienogwoag residues; 2)
application aspects 2005/ 081289

pertuiiosnenss répéeéﬁ.rwd% @) thatis utrentiygiown in the
commerci al processing costs. Optimzation benchmarks
ancBldeaniriy levelsgfol yesiduentthal teynajo raffiecacious fajveemotercial wafer
residues; 2) greater efficiency and/or speed of
ér&ﬂbd@@nﬂb@ﬁiﬂd&g bluaessmgs wnded) byrdduction iin theenuraber of critical
3) cleaning |levels for residues that remain

&Gibddrsts g@@ Eﬁéngwggbédraw%afuregwd%atmqe@uota@5 or other

processi reduction in the nunber of

|§£#Oort?g}?ls&b%{rgfeggfr8&u &) T%%a{égr%ﬁ“ctnﬂcélﬁ@gﬁ ”fa‘?érlrﬂ'egsrefers to

ias) or er
substrate ryctures. The ter di mensi
letaljess fufer e G GineERaDs - iRfchher BRUETSror Stuctural features
dimensions (e.g., pitch) of patterns or structural

Sunit as aias @tmélne avafen subrate s swifase. dosfenence isgiven to systems
surface. Preference is given to systens that mnimze '
thaang@simize fahanigesntd fuactiomeintemponehts wif e swafeacsurface or
or substrate. BRI EF DESCRI PTI ON OF THE DRAW NGS

d2eke A nore conpl ete appreciation of the invention

wll be readily obtained by reference to the

follow ng description of the acconpanying drawings in

which |ike nunerals in different figures represent the

cmbod ed i n mERIEFRRECHBTIANGR Tk TRARINEE 14 o

‘being limted to the enbodi nents set forth herein.
[0026] FIG 1 illustrates a generalized reaction
[025te f or Aamaraccomplete appreciation of the invention will be readlly

obtained by reference to the following description of the accompanying drawings
in which like numerals in different figures represent the same structures or
elements. The invention may be embodied in many forms and should not be
construed as being limited to the embodiments set forth herein.

[0026] FIG. 1 illustrates a generalized reaction scheme for a reactive
reverse micelle residue cleaning system according to the present invention.
[0027] FIG. 2 illustrates four representative reactions involving reactive
constituents and residues in the cleaning system according to the process of the

present invention.
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reverse mcelle residue cleaning systemaccording to
the present invention. [0027] FIG 2 illustrates four

WO e@s®s8Ese at i ve reactions involving reactive PCT/US2005/005587
constituents and residues in the cleaning system
according to the process of the present invention. 15

[Nﬁ%]g%/ O%}ésg éﬁ‘@%%oé/f?&%??ese[n@&w réﬂc@on%’etween reactive

trates a |rst representative reaction bet wee

ool E o RIS R elPoh aleRIn 0 bl B ”%E)gfmd'ﬂed

FIG 2B illustrates a second representative reaction
reldue®n reactive constituents and residues in the

cl eaning systemto renove chemically nodified

[0@29dues. FIGO3ZB Husiras id |agspndt egpresemtatide reaction between
representative reaction between reactive constituents

réduliveesirdtieents ahberesidi@ri inghs Yk driihg SysRIME remove chemically
chemcally nodified residues. [0031] FIG 2D

madifisd Fli®ifes® fourth representative reaction between
reactive constituents and residues in the cleaning

BT e 2 WS b B PedtB e BgaR ractive
CRIRHIGTISH TS BB eSS aBIE0 BRI dp G maMangisrically modified
striations, and nmounds. [0033] FIG 4 shows expl oded
residées.sect i onal views of a nixi ng chanmber and a

cl eani ng vessel according to the present invention. .

[009B4] FI GIGS 2D utstates a fourh efeprevdtativd eaiction between
syst em desi gn showi ng the conbi nation of m xing

r%%‘éﬁli(gogi?ﬂ%é@ 'tair%gn"}‘g]?,giru\é%ﬁﬁ gdge SFYAriRG SyBIETR to tEERe: chemically
modified residues.

[0032] FIG. 3 shows an SEM micrograph of an as-received OSG no
barrier open (NBO) wafer substrate containing over-etch processing residues
including crumbs, striations, and mounds.

[0033] FIG. 4 shows exploded cross-sectional views of a mixing chamber
and a cleaning vessel according to the present invention.

[0034] FIG. 5 illustrates a cor‘nplete wafer cleaning system design showing
the combination of mixing vessel, wafer cleaning vessel, syringe pump, valves,
and associated transfer lines.

[0035] FIG. 6 illustrates a reactive reverse micelle system for removing
semiconductor residues according to a first embodiment of the present invention
comprising PFPE phosphate, alkyl sulfonate (e.g., AOT), and water.

[0036] FIG. 7 presents an SEM micrograph of a cleaned OSG no barrier

open (NBO) test wafer showing effective removal of surface residues using a
16



[0035] FIG 6 illustrates a reactive reverse mcelle
system for renoving sem conductor residues according
WO 2008/081286t enbodi nent of the present inventi oPCT/US2005/005587
conpri si ng PFPE phosphate, al kyl sulfonate (e.g.,
AOT), and water. [0036] FIG 7 presents an SEM
r egygg&n - r Vo)
{-B eés‘c{tiﬂ?\%ar%ggrsg]gﬁmcéri]llg effec%g/ég? ?IQ a@a%qg?t @ﬁ?fe gce of the present
re§i ﬁues using a 16 WO 2005/ 081289 PCT/ US2005/ 005587
IR&EHPVe reverse micelle system according to a first
enbodi nent _of the present invention. OO%% FIG, 8 .
10034k r at e §1G- G dlistrales & EPARIVE £RYaree sWGelf system comprising
conpri sing PFPE anmoni um car boxyl ate and V
Rt ayiraanive fearbaxytateiang swdraxytanineofor neswving semiconductor
according to a second enbodi nent of the present
Fesiduds accorliM@gA8la SéddndOembodinert ShEhe Pregerd ira@ntioh. a
cl eaned OSG no barrier open (NBO test wafer show ng
gdm‘—s@]ffect FYG. 9C5Ryes i SE frﬁ&?odr%@h%‘f% 48 DSG no barrier

eact’ive reverse mcelle systemadccording to a secon

BBRRABED et e Bl e RN B RMm AT 2 bt tmsigyes vsing a

invention is described herein wth reference to  the
FRAGtNE  ERYCESD JAICRER t YSPIEr 8GFOTGING dA 08| %e%w%ﬁa%b%c{}@@@t of the

that the inventionis not linmted thereto, and
pegsentinvgntiennati ves in form and detail may be made
therein without departing fromthe spirit and scope of -
the invention. In particular, those of ordinary skill
inthe art will appreciate that conbining and

interm xing the various fluids and reactive

conponents as currently practiced and descri bed

herein may b f ' | y
equi val ent \AQFEA'%PGHE%%P@QB‘BF%ﬁ@&’gﬁf'pﬁe

nmet hod steps on a conmercial scale nay conprise use

of hi gh-pressure punps and punpi ng systens, and/or

transfer systens for

[0039] hile the present invention is described herein with reference to

the preferred embodiments thereof, it should be understood that the invention is
not limited thereto, and various alternatives in form and detail may be made
therein without departing from the spirit and scope of the invention. In particular,
those of ordinary skill in the art will appreciate that combining and intermixing the
various fluids and reactive components as currently practiced and described
herein may be effected in numerous and effectively equivalent ways. For
example, application of the method steps on a commercial scale may comprise
use of high-pressure pumps and pumping systems, and/or transfer systems for
moving, transporting, transferring, combining, intermixing, as well as delivering
and applying the various cleaning fluids. Associated application and/or

processing techniques for utilizing the reactive cleaning fluids of the present
17



novi ng, transporting, transferring, conbining,
interm xing, as well as delivering and applying the
wo 2a050828| eani ng flui ds. Associ ated appl i cat i POT/HIZW®005587
processi ng techniques for utilizing the reactive
cleaning fluids of the present 17 WO 2005/081289

Sﬁ%ﬁﬁbﬁ?%ﬁsl Qlctyfr'i_’ftglg/ c@é‘?’mﬁ Uypstiate!! durBes! Yol ?Iagid%ﬁgrocessmg

strate sur post - processi ny

SHAEPb e avasle SiudRnatd Sheflial el ”%Ee% [ &hioned and
per f or ned b%/ t hose of ordi narr%/ skill in the art
enearopassed herebyods Would hes Offé‘&drllé/a‘?fpﬁér?f&\ﬁ@né%%l@%m the art.

scheme for a reactive reverse nmicelle fluid system
fooHdi ng FiGt Heslpows e geoéralined preastion andpeotdssnscheme for a
C02-philic surfactants 106 conprising a polar head

@R\Pe Telemed nilcelldAuphbydtent actortiy €9 thé Nrotesé @fthe present
aggregates 120 or reverse mcelles 120 in the

ﬁjﬁgﬁhéh e%é%#hﬁlci]sgﬁl{aﬁ:gé}ﬁs H@%aéorﬁﬁﬁzgé%]aoﬁol%' 'h%%d V%oup 102 and a

r oXi aggregate 1 react

é@verhs'&e?%ﬁihq“c%m zﬁsntp"froarasé“qg?:eﬁﬁtg%[ﬂfg?ﬁ&sﬁéfs%l icélles 120 in
and/or the bulk densified fluid 130 provide
theagensifieg {Wdatdd-r eShey lp@é,arl%ad% 193nﬁh9naﬂn GHOSR PROXIALY in the

reactive reverse mcelles 120 thus constituting a
aggragates 420 ranvreastivariersrse niicelles $28t fommingvargolar inner core 112.
specifically, residues 150 on the surface of the wafer

ReActiwachemitdl ddents Ma8Cin the polastdoreent2s ahdkri thet ek densified
fluid systemthereby becom ng chemcally nodified

fige ‘p&lﬁﬁrol/'i?%tré@étl RoWSFPHESH s ‘Fﬁg% &b nﬁétﬂiﬁ {8 the reactive

surface of trate 100 and

FRYREFE HEGOAR, 120 146 Cebalidd & ﬁ%g%e“?eysiﬁ%ﬁwiée"fé@ﬁd system.
Vo paecricall. frsiduny 380 o thesudai of dne Wwargp 100 reac with the

i nclude, but are not |imted to, chem cal reactions,

tedctive | constiteatst 135, in éh@hfaﬁ@esyertelrredlum@nbymbeg@ming chemically
reduction, fragment cracking, dissociation,

aodiflceiX pddidues M&30thait cGig remaovedesr sepaiated fione the surface of the

bi ndi ng, and conbi nati ons

substrate 100 and which then subsequently reside within the polar core 112 or

the densified fluid 130. Reactions by which residues 150 become chemically
. modified residues 155 which can be removed from the surface of the substrate

100 include, but are not limited to, chemical reactions, oxidation, reduction,

exchange, molecular-weight reduction, fragment cracking, dissociation,

complexation, head-group or inner micelle core binding, and combinations

thereof.

[0041] Referring now generally to FIG. 2, four representative reaction

types involving reactive constituents 225, reverse micelles 220, and residues 250

in the densified fluid 230 are illustrated whereby the chemically modified residues
18



t hereof. [0041] Referring now generally to FIG 2,

four representative reaction types involving reactive
wa@omnsseent s 225, reverse mcelles 220, and rEST/USE®S5/005587

250 in the densified fluid 230 are illustrated

whereby the chemically nodified residues 18 WO

S, L0ORS . ar s
23T %%%%85‘*!%%%%@% e 20 P # oA RBISPhLR! PRlifery skt i
h t, | . t t d t to
e AbbariES HE e octol 4 5 o BERa R 1 gonora
may be invql ved. Thus no limtation is intended
tymes ofirearctiens éhatheerdie involyeg) Enes, mllmltaﬁlwrlétléénded by the
first reaction type in which a chem cal agent 225

giseksaote therebke pol ar micelle core 212 of the reverse
m'ceIIe 220 reacts with a residue 250 on the surface

JSUbSt FiG 2 2A00uyirgledi AGirar rebeids P inHiéh @dchemical agent
reS| ue 255 that is renpved fromthe substrate 200 and

EQS ‘b?egeerﬁ'lﬁj e é’bfa'?'nﬁ‘icél@cor%% omh‘“egjfelvgrsceoﬁw‘?ce%% 20 reacts with a

reac reb ol ar an wat er -so

S5 §ﬁbt%3ﬁg"$ﬁm% 0042, £ 8 A0 A0S B TETR moctes

present in the densified fluid 230 reacts with a
r@sduﬁ@isfoat igfemeyved fraradise stibsiraien2qq and vetoh resides within the

yielding a chemcally nodified residue 255 that is
pelaoeidelie aare 212 ue.faca rebctiors wistrely e potaraamtd/ohivweier-soluble
resides wwthin the polar mcellar core 212. For

fRedid 8.foemegact i on between a residue and a chem cal

agent 225 in the densified fluid 230 whereby a pol ar

IO, Pl ST by TR YT SRS, e
APt 128 88 508 T e A Ak DA resive 250

reacts with a residue 250 on the surface of

an b puiace 0baivbrtBip 208 viakdoo ensherpivally sapdijed residue 255 that

is removed from the surface of a substrate 200 and which resides within the
polar micellar core 212. For example, a reaction between a residue and a
chemical agent 225 in the densified fluid 230 whereby a polar and/or water-
soluble chemically modified residue 255 is formed.

[0044] FIG. 2C illustrates a third reaction type in which a reactive chemical
agent 225 in the polar core 212 of the reactive reverse micelle 220 reacts with a
residue 250 on the surface of a substrate 200 whereby the resultant chemically
modified residue 255 is removed from a surface and resides in the bulk densified
fluid 230 separate from the substrate 200 surface. For example, a reaction
between an acid (e.g., HF) 225 present in the micellar core 212 with a residue
250 whereby a non-polar and/or neutral moiety (e.g., SiF4) 255 miscible in the

densified fluid 230 is generated. Alternatively, a reaction between a metal
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nodi fied residue 255 is renoved froma surface and
resides in the bulk densified fluid 230 separate from

wo b@sssiegs rat e 200 surface. For exanple, a reaPtT/U82005/005587
between an acid (e.g., HF) 225 present in the mcellar
core 212 with a residue 250 whereby a non-pol ar

réﬁaﬁ@rzml{érgal gtgl 61 théesibstrafé 200 2bFaoésel bhémioal tduent [i.e.,

densified fl 30 is generated. Alter nati vel y, a

p{g?@%@gggbézg‘é%ﬁtr esi g(al(laa]rg (‘. g%%é’?em'cﬁl agent 225 [i.e.,

bstrate 200 surfa a chemnj cal
ZAPERIAEIB02) fowiexlrest%er{ﬁ 3Rt SgnsEed Bid, 330, vielding a
chem cal %ent 225 [i.e. pent andi one, a
chermicallyi mg é@é!mepldue 25ﬁéaa@w€0rzwéw'q= maiely 2k, gpePar-hegxa-fluoro-
a chemcally nodified residue 255 as a C02-philic
avetyMagetonate., copper-hexa-fluoro- acetyl -acetonate.
[0045] FIG 2D illustrates a fourth reaction type in

[obiash a clAG. 2D ilaesates 2uriH ﬁé‘a%ﬂbn&?p@nrﬁw}?ﬁdh bWpemical agent
or conponent of the reverse mcelle 220 (e.g., a head

%érﬁsgb?%% cWhtsFté@nf %?'(%Hmo%%%t%‘ th8 & §lgr:§sf aﬁﬁc lfe §‘20 (e.g., a

y|e I'ng cally m)dl [ reS|

fé%ﬁnq”f'Phb PEa wifd v e Ce'%irgeQ wg %@}e\é@%weldmg

a chem cal I nodi fied netal residue

chemieally mﬂd&ed( gegjduep@ha. yltlamt%lypn%@aﬂgtle th@uw%@arﬂore 212.
head group (e.g., PFPE-P042-) 225 retained in the
Forvexarapie, celhetal-sarfactznhg . complex n2id \fetmed sbetameni anchemically
with a quaternary anmoni um fluoride surfactant, i.e.

rhédified eedtal remum(wg» . idutppB8end the4iord (& gp@@p"’fb offa phosphate
ordinary skill in the art will recognize that many

sru%gfﬁ{ﬂtsﬁearcg@t&gﬁ (g]g r pREE-B 4“?953n%%§ﬁeda?ﬁdtﬁee?§\yér9é‘ micelle

produc dependi'ng on the types of

et ie ARS8 e aiBEC o A RrErE R yaium fuoride

reverse mcelles 220 or aggregat es 220 utilized, and

suRkactannfi & alatia-aelyi-amerenideriigler 55 generated. In

[0046] The person of ordinary skill in the art will recognize that many
reactants, potential reactive mechanisms, and reaction products are possible
depending on the types of residues 250 on the surface of a substrate 200,
chemical reagents 225, composition of the reactive reverse micelles 220 or
aggregates 220 utilized, and the chemically modified residues 255 generated. In
general, numerous and varied reactive outcomes that result in removal of
residues 250 from a surface may be effected by the combined action of the
reactive reverse micelles 220 or aggregates 220, the reactive chemical agents
225 present in the cleaning system and the reactivity and selectivity toward
substrate residues 250. As shown hereinabove, chemically modified residues

255 may become miscible in the bulk densified fluid 230 or within the polar core
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general, nunerous and varied reactive outcones that

result in renoval of residues 250 froma surface may
wheooshgrss ed by the conbi ned action of the reRCT/US®05/005587

reverse mcelles 220 or aggregates 220, the reactive

chem cal agents 225 present in the cleaning system

212 dihBe rreggwé/ hidelRR hgRPé @tk A A0y eftiqes 6l frelialubﬁfdb%eand soluble

resi dues 250. As shown "herei nabove, chem call'y

ko B AEPIHR3,0¢ BRuRBNRERATEXIY RERBIS it Y gfpbnents or
2005/ 081289 PCT/ US2005/ 005587 of the reactive .
ﬁ‘?’b%ﬂ'#%’? Sagfgmeaameﬁmgeﬁ%? ﬁ&fwfé%fﬁg’y Pf%e%}’ﬁ?”y modified
sol ubl e species or alternatively as bound or

resigHas 295s peaiwimaliahh remevedniionethe substrat 00 surfage. Other
conprising the aggregate 220 whereby the chemcally

razdtit e exbmbinatiohee as 2eduldrbe ahvisivakd! by trerpessdnf ofoonrditry skill in
substrate 200 surface. Other reactive conbinations as

LAt aRE heret\sinedgfdratedt he person of ordinary skill in
the art are hereby incorporated. [0047] It should be

ng‘ﬁﬁSi zedythat 14 e &?\Eﬁ}ﬁ%ﬁ%&d gbaf{hsééﬁtb%relnﬁgl farf ﬂ{nﬁetr polar core

n a mcellar Syst sutficie

chem cally nodify or .enove I, nol ecul ar wei ght
282t Ecioicaal YRR e Bl ISR Kp it shesvisaoBiasiy or remove
the resultant nodified residues 255, as evi denced by
higb molasearoveightsesiddes 250i fsem Eesswiacaabarsubstiate 200 or the
art that remain presently ineffective at renoving
tesnétanboodifiesisieditk e si2is Eseevideycatbg the ntumber of simple densified
non-reactive systens. It has been shown, for exanple,

sy misNehdvARfH theeart BNBTBRTENS p?e?s”eﬂﬂg ih&fediiekatl feridlirPenacious

or reverse mcelle core 212 nust be brought into

, Ly i -t ¢

RSl B ooy @A E HonesCrt Sy RS 1445 begp shown, for
necessar m cal,. reactions,t ccur,. Reactjv

SRR bt HE Raciel SPrisEnss 225 T the Jik VIuiE 230 or reverse
reverse mcelle 220 or reactive aggregates 220 nust _
nigedleacere 242t nmust yoeydought dde| giregtt and yiepative contact with the

resi dues 250 for chemcal nodification to occur. Only
sutesirate residue 250 for a sufficient contact time t. for the necessary chemical

reactions to occur. Reactive agents 225 in the polar core 212 of a reactive
reverse micelle 220 or reactive aggregates 220 must interact reactively and
directly with surface residues 250 for chemical modification to occur. Only then
can the modified residues 255 be removed from the substrate surface as
miscible moieties in the densified fluid 230 or as chemically modified species 255
within the polar core 212 of the reactive reverse micelles 220 pending recovery
of the components in the densified fluid 230.

[0048] FIG. 3 shows an over-etched wafer coupon 300 comprising a base
layer 305 of a representative metal, e.g., a transition metal such as copper (Cu)

or another metal such as aluminum (Al). [n the instant case, the base layer 305
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can the nodified residues 255 be renoved fromthe

substrate surface as mscible noieties in the
walessiogized fluid 230 or as chem cally nodifi edPepEs1085005587

255 wthin the polar core 212 of the reactive reverse

m cel | es 220 pendi ng recovery of the conponents in

ddp ﬁ’éﬂﬁg' Ebssbrf Wwasdoddaid [ RAA8HN Fhfeh, 3topheug. aBarrler) layer 310

over - et waf er coupon 300 conprising a base

afing ATEST S 18T bvsh Bl eaa%%suca{ér@

al um,nu n the case, the b s a
@rmwﬁ'Q@o@ﬂ@@@ﬁ@npcﬁba@%z@@%oesgtﬁndew gdp ay f% Hielectric
was overlaid with an etch stop (e.g., barrier)

raateriat kppwnsinibe i, iog @moé?mrm@@ug K ﬂtﬂlGPQiWédnai?”al (LKD), and
dielectric material |layer 315 conprising

acgating sirl inswatihgove(iOFE) 320 conaprikingl silicbardiayide (Si@,Kor other
dielectric material known in the art, or another

tﬁm s, Iipwakhdest \ﬁaﬁerrlaoomh?a'nl @étte(rh%us 92151 cafled eﬁbsﬂszs were
i nsul ati ng overlayer 320 conprising silicon dioxid

n(lt?'bﬁgﬁé 8ttH§rO ¢r§@2édrcal PLgéy%??ﬁYohﬁéztg&"’g@ré &hg layer 320.

ern

ntroduced the OS or LKD hrough th
+§?%§S‘66%‘%'Y‘ﬁ%tﬁf%?{fQPP@Q%goaﬂﬁ%f eneliety B e b E s (NBO) or
300 were generally of a "no barrier open” (NBO or
“bgm&r. @pebpeBO) Bonfiguratiagurrirpeselpuipuessitghed” to enhance the
"over-etched" to enhance the quantity of surface
quesititued dusfaceessidugs fdBQestihg.t N8Cesubsiates are representative of
representative of wafers encountering a first etching

WHeps B cOlntEhing & Frdt Sichd Q)lé‘srﬁﬁfﬁ}eéﬁérﬁlcal)pét@[é%sa commercial
whereby pattern vias 325 and/or other mcro and hacro

@'BEé'é:é %1%?‘?@5 gattgrtnk%%g 3?&%518“ . %Il no(%r{)' &nd;‘grLaetfr{) Wtructures are
o6 EirQ i Aif Rt Bl indeca1a . th%hﬂﬁ@s?%}do not breach

resi dues fromplasnma etch processing in the form of
the @ieh stepo(bdsienilaver JdunisF3 3, the @ver-elahedonales 490 surface is

deposited on the walls or in the (1 pm pattern vias

skzbvn Eamphisingpresicisss frgnt bitsna efath proddssingt imptHeaform of crumb
3(3% gép;osits, mounds 335, and striations 340 deposited on the walls or in the (1
um) pattern vias 325. | Further processing that breaches the stop layer (e.g.,
SiC) constitutes a “barrier open” substrate. The wafer coupons 300 were sized
as necessary for testing by scoring and breaking the wafers along the crystal
planes.

[0049] FIG. 4 illustrates simplified wafer cleaning equipment of a benchtop
scale design for practicing the process of the present invention.
The person or ordinary skill in the art will recognize that equipment is application

driven and can therefore be scaled and/or configured as necessary to meet the

specific application and/or industrial requirements without deviating from the
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SiC) constitutes a "barrier open" substrate. The wafer
coupons 300 were sized as necessary for testing by
waeasiosnsand breaki ng the wafers al ong the cryBCBIUS2005/005587
pl anes. [0049] FIG 4 illustrates sinplified wafer
cl eani ng equi pnent of a benchtop scale design for
practicing the process of the present invention. The
spirjfteasdnscpeoofli thar invektion, ery.! keakd tov ddconemodaieza 300 mm
that equi pnment is application driven and can
diarhBRira{ et &e. STl hAnfAtalios AhERY: Pﬁﬂtéﬁie‘éﬁﬁ?%ﬁ@%d&ura of

meet the specific application and i ndustri al

the S CEBE R At 08 prEiak g Ll B (y‘& 5t the
0050t ot orF 1 ot Both e TuAnd G oR PR 4 %ﬁ 2 \gaﬁ?%mg vessel

i ntended by the disclosure of the instant equi pnent
440dagirgss appian dilleemiing veaeel420eistcomapriseccolip dop Vpeodgiection

FIG 4 shows both a m xing vessel 420 and a wafer
402carechai bujtone veesel sbtlion M0 mashimedt preferablyeofmitaniogn (Ti) metal.

vessel 420 is conprised of a top vessel section 402

The2P8ssel g %waésmeoﬁ Qethi Ry 494 meeibdresk Righf @trr@cggl,m_ ;?d%lymer

titanium (Ti) The vessel 420 may be line

hnef’(@}’ 46 % f}Hmﬁ 76 E)I g%ngig %tf am n@irﬁ”ﬁ{et#s Qﬁ&(ﬁ 86t not

mnlmze po en
d Ti

“m'%g'”tp'@ At T B %aﬁeéob@n@ aﬂfq#émﬁ?ixm&\?e@g@g vessel

he Ilner 406 i s preferably made of
420powe Hnered 06 ismpieferabbn@adg) of patyretliereihesketrngy also known as

avai l abl e comrercially (Victrex USA, Inc., Geenville
PEERC™ ap/piipbler cammentinky (dictrer WSiahiras, Greenville SC 29615) or an
poly-tetra-fluoro-ethylene (PTFE), also known as

alteﬂ'ﬁtiv@nsdifﬂ a@VﬁcbWQé’ﬂr@-ﬂQ@F’ﬁf@fWIéHé XPTPEB’OQFSO MM dvih 2t gBflon™,

When assenb ed, the top vessel section 402

aw%@ rﬁ&%&’?ﬁ?@ dl arrez@{lorg?é %n@l@ gmcmrg&a gé‘é‘;‘ﬂﬁfed the

top 48 %%%Pé@ﬂ%anﬁﬂ)e VERed s5tpRdbkagine Hophing chamber
408Svtwth a?xdrnternal diameter of 1.14 inches and a length of 1.75 inches, and an
internal volume of approximately 30 mL. Contents of the vessel 420 are stirred
with a magnetically coupled Teflon™ stir bar via a standard temperature
controlled heating plate. A sapphire observation window 410 available
commercially (Crystal Systems, Inc., Salem, MA 01970) is inserted into the top
vessel section 402 for observing fluids introduced into the vessel 420 and for
inspecting the phase behavior in the mixing solutions. The window 410 has
dimensions of about 1-inch in diameter and 0.5 inches in thickness. The vessel
sections 402 and 404 and window 410 are assembled and secured in place with

a clamp 412 that slidably mounts to close over securing rim edge portions 414

and 416 machined into each of the top 402 and bottom 404 vessel sections,
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with a magnetically coupled TeflonTM stir bar via a
standard tenperature controlled heating plate. A
W@ a@plos289 obser vati on wi ndow 410 avail abl e PCT/US2005/005587
coomercially (Crystal Systens, Inc., Salem MA 01970)
is inserted into the top vessel section 402 for
observin | uids introduced into the vessel 420 and
resp@ptlvelbfsgweby] gifeatingasespenserbwithin theemining wessel 420. The
sol utions. The wi ndow 410 has di nmensions of about
clainp ddR isnsdcurast ier picd Wia5a ilocking riny WMBcpostisnedland aligned
vessel sections 402 and 404 and wi ndow 410 are

ab8gseeP R inaRd of lcigthp Ml ace with a clanp 412 that
slidably mounts to cl ose over securing rim edge

0By o1 Hb 8 B g o o
LSR8 B0 4 IR KB Dl A0

412 Is secured in place via a locking ring 41
chapber A8Rasedris an eyl oort 4l uFluudwﬂowéMOn@eéwxmg ¢igmber 408 is
clanp 412. [0051] The m xing vessel 420 is further
reversiblegas qubrid 8 aampbrdd 94h8ythe uked infercmangsedipas é@xiBor inlet
used as an inlet port 418 and a port 419 fromthe

pofts Xd@Sendifgnberdeki@dusied afedtivreXi BoRPrhortsl 418FbaHEd419 have
flowinto the m xing chanber 408 is reversible as

dm’?éﬁsflén g)?éfé th‘a&éagé IR, ﬁﬁ%ﬁ@??@e?&byoﬁsmﬁﬁéélD

depen ng on eS| re ['ow di'rect

h port 418 and 419 hayv
1005", Bng et BRE aarina dRsse! 449 RSPl & foideqdl section
£0052 The wafer cleaning vessel 440 is conprised of
42 @ndya botions wessel peckian achipeddmelarably ofsiitapiusm (Tl) metal
444 machi ned preferably of titanium (Ti) netal and
andli freetl withh @& highyhstsengthgpblypwdry fiver 1406eito 4@dimize potential of
m nimze potential of contam nating netals being

contaiiipgise tnely bty Ghitedided wRestle 4KBNINGeBssel 440. When
assenbl ed, the top 442 and bottom 444 sections define

asS I, EFRSH 23 SHBSIoR BCSELAGHS Re8 AR coanin
chamber 446. Sections 442 and 444 are assembled and secured in place with a
clamp 412 that slidably mounts to close over securing rim portions 448 and 450
machined into each of the top 442 and bottom 444 vessel sections, respectively,
thereby effecting a pressure seal within the cleaning vessel 440. The clamp 412
is secured in place via a locking ring 413 positioned and aligned abéut the
perimeter of the clamp 412.

[0053] The cleaning vessel 440 is further configured with an inlet port 452
into the cleaning chamber 446 and an outlet port 454 from the cleaning chamber
440, each port having dimensions preferably in the range from 0.020 inches 1.D.

to 0.030 inches 1.D. The wafer vessel 440 has an internal diameter of 2.5 inches

and a height of 0.050 inches defining a total internal volume of approximately
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clanp 412 that slidably nounts to cl ose over securing
rimportions 448 and 450 nmachined into each of the

wo ops4A428and bottom 444 vessel sections, respeRCT/vE1095/005587
thereby effecting a pressure seal within the cleaning
vessel 440. The clanp 412 is secured in place via a
| ocking ring 413 positioned and aligned about the

50€r uhet Efeaning flaids anp idtt@udediosid] trahsfec llieend bl frarasitle mixing
440 is further configured with an inlet port 452 into

veBSeIC 420 Mo the e fing M RN AU it kb her tledthd 'cP@mber 446
the cl eaning chanber 440, each port having di nensi ons

tl@{o@égréﬁg ! lﬂ‘ét%% #Q%%mﬁr%aﬂbgd o wgéséel [%ech%)ﬂ 442 through

er vessel has an 1n

RIS Bl i T PP bR Foc Bl vertca

WO 2005/ 081289 PCT/ US2005/ 005587 500 pL. rﬁg
chponglsheadspage 488 abgveithetwalps suface 480 merﬁbm uidseintroduced

m xi ng vessel 420 to the cleaning vessel 440 and into
intbethel ehambgr cbriproddeifg & madiad Hlow Siedd Ithahlspteddd ¢éangentially
456 introduced in the top vessel section 442 through

Juli@arfdEROM i eafd 00 dladop vessel section 442

i ncludes a 0.020 inch vertical channel head space 458

[IBE%]S . t he piaf g xlﬁgg{%?ése ﬁ%@nw&% %@érﬁrﬂ# ?ﬁto'n‘i‘tidbdgf:%dbenchtop

he chanber pro a radi w fiel

t hat reads t al | tvvar acr oss

596 oEPpHceccordagap Hiabearatinal tiaueatebd ei“\?en The mixing
cl eani ng. system 500 of a benchtop scale deS|

vassdrdRthis Sowmin Bpigaicangstion wmh\ethsrc‘é@@Nﬂguvl@@éﬂk 44fhvia a series
The m xing vessel 420 is shown in fluid connection
ohihidgh-pilessuoteckiquid ghvemstdgragioy (HIALG) transkes lines 451. Transfer lines
hi gh- pressure liquid chromat ography (HPLC) transfer

45nnase 4hrdferdbli@nofoRo lindies.D.4bY Bme-ipeefO@MPHPIE O#és made of
inch I.D. by 1/16-inch O D. LC lines made of PEEKTM

e ATty CREAT SR S Dy stanc. Wi

Psrggguergn is %'llar}gtame in th%us%tgg%sgnfgoerx Aty nB 56'5 %f%r example, a 500

mL model #500-D microprocessor~controiled syringe pump 505 available
commercially [ISCO, Inc., Lincoln, NB}]) in fluid connection with a tank 507 of
ultra-high-purity COx.

[0055] A valve 510 (for example, a model 15-15AF 1 three-way/two-system
combination valve 510 available commercially [High Pressure Equipment Co.,
Erie, PA 16505)) is inserted in the transfer line 451 leading from the pump 505
forming two independent fluid flow paths 515 and 520. The first flow path 515
defines a cleaning loop 515 extending from the valve 510 to the inlet port 418
and into the mixing vessel 420.7 The second flow path 520 defines a rinsing loop
520 extending from the valve 510 to the inlet port 452 and into the wafer cleaning

vessél 440. A T-fitting 525 (for example, a model P-727 PEEK™ Tee [Upchurch
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mL nodel #500-D m croprocessor-controlled syringe punp
505 available comercially [ISCO Inc., Lincoln, NB])

w0 n0oSlogi289 connection with a tank 507 of PCT/US2005/005587
ultra-high-purity CO2. [0055] A valve 510 (for
exanpl e, a nodel 15-15AF1 three-way/two-system

%ﬁgﬁiiﬁ@tlhég Wﬁid\b%ﬁé%n@mEJra\pg%ansmwtﬁé lt¥arsrOfhe 451 of the

ressure ui pmen PA 16505]) is Inserte

i,h_the tr f | ne 451 1. Ry . .
HBRHTgOPE o st e e a5 oE e, BRE Bes b 430 and inlet
The first flow path 515 definpes a .cl ' | oop 515 .
R 498 Flgther BIRADING vasars 48D 1 BetHENg B2 LBther deppects with the
and into the mxing vessel 420. The second flow path
teatsfeeling 481:0fr thesiinging degp 580 Mringingthengleaning tdap 515 and the

valve 510 to the inlet port 452 and into the wafer

o iiogp 520sired MAQ. cohnkbctibh twingrebi? Scléhwingeftaidpirem the mixing
nodel P-727 PEEKTM Tee [Upchurch 25 WD 2005/081289

%%e 230 &/ Wﬁuiﬁ%ﬁﬁﬂe@e@g%ﬁmp%ﬂﬁﬁa}/ Ht)ﬁlirﬂ%ﬁuced to the

is inserted 1n the tra ne 451 e

clganing. 5 etween the exit port 419 of the

e |rﬁ§%éﬁg$sség4§hd inlet port 452 of the cleaning

vessel 440, The fitting 525 fyrther connec Lth the |

0BT or | FuharncarpaAisd pis i, Toos 496 451 R ik, clReing loop
cl eaning loop 515 and the rinsing |loop 520 into fluid
Fthbetweem theh exiétport HdQranty the fittiegf 2marerdwei inling filters, a 2 pm
vessel 420 or rinsing fluid fromthe syringe punp 505

prayiilkee 530 r(fatueeimple, tdhenodef Ar41Q RO TFikters fasedbly [Upchurch
[ 0056] Further incorporated into the transfer |ine 451

Qéighﬁ‘ﬁc, GhE aWrnabégg@an ,WA@’PM&?S'D.S ?‘fﬁl] ?éhf ﬁlfé?r5354§n8r example, a

and the fitting 525 are two inline ers, a 2 pi
o8 B4 GBI, P SERURUG LPPRH gLt gy rsanc
WL 2R pad bkl optaribab P b3 TS gl progent in the
Inc., Widbey Island, WA]) that prevent potenti al
Jeaningifluids fromt keiag infepducegdntol thel wafes cCleesingvessel dde.

[0057] A straight valve 540 (for example, a model 15-11AF1 two-way
straight valve [High Pressure Equipment Co., Erie, PA 16505]) connects via
standard 0.020-0.030 inch 1.D. PEEK™ transfer line 451 to a second T-fitting 525
and to a waste collection vessel 545 via a “restrictor” segment 555 of PEEK™
transfer line 451 having internal dimensions of approximately 0.005 inch |.D. and
a length of from 8 to 12 inches. The T-fitting 525 is further connected via transfer
line 451 to the exit port 454 of the cleaning chamber 440 and to a pressure
transducer 560 in electrical connection with a pressure readout or display device
570 (for example, a model C451-10,000 combination pressure transducer and

pressure display [Precise Sensors, Inc., Monrovia, CA 91016-3315]) for

monitoring and reading pressure in the system 500, and to a rupture disc 565
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cleaning fluids frombeing introduced into the wafer

cl eani ng vessel 440. [0057] A straight valve 540 (for
wex@spsesy a nodel 15- 11AF1 two-way strai ght vBCT/®ES2005/005587

[ H gh Pressure Equi pnment Co., Erie, PA 16505])

connects via standard 0.020-0.030 inch |.D. PEEKTM

Fcfraé‘y?afrﬁble' | N enderd 15’641AF90%€tyThééBt[g2§l? ﬁ%ss%de rgm‘ent Co.,

vvast e col lection vesse via a I ctor

st RO B sghaphenbg Setibe en” D el

BB, . s B ST bt W38 8 T uminas

port 454 of the cleani ng chanber 440 and to a pressure
withhag dptienablgghtisouste 67 i(loakexammpid Madehil A fier optic illuminator

pressure readout or display device 570 (for exanple,

570mpOelancierinet0 N0 Qavoshce1aM A0 184855086 ).t r Ahedligietr source 570
and pressure display [Precise Sensors, Inc.

oYBry-aMl Zcorﬁﬁngé@eﬁ omelRlo 16RG pdﬁi’ﬁbdé’)rgd&é‘l’é@krﬁ%?' B;Qtlc and a

pressu In the system 500, and to a rupture disc

Sl 8036 B o i o
ity oot RO B TP aRiet s oponat

further illumnated wth an optional |ight source 575
Higlopedoampnes camaradi80Lor exavaplen gt Teshibaunedel: rM4478/M41R2
[ Dol an-Jenner, St. Lawrence, MA 01843-1060]). The

CCDhtasew cevildble porfmesralally [troepings PsoduciseGfauy, Florence, SC
positional gooseneck fiber optic and a focusing |ens

%1%@%!%%@%@9%‘%@!&#@& Asedl 9 WRNEhcRiBA Wlth the illuminator

directing light rough the observation w ndow 4

2 B PR o0 Bko T —————
1 F2/ M1 R2 CCD canera avail able comrercially
”ﬁ%?ng Products G oup, Florence, SC 29501]) is al so
referably coupled to or used in conjunction with th
ﬂ%pﬁa]n nat orIntegmexing dofatha gaamanents @nAiRTs soa§1|t586tStt9 form the
i mage the m xi ng chanber 408 and
reactive cleaning fiuid is done for about 5 to 10 minutes in the mixing vessel 420

by charging the vessel 420 with pure densified fluid 130 prior to transfer to the
cleaning vessel 440. Pressure is programmed into and maintained by the
microprocessor-controlled syringe pump 505. Metering of fluids from the mixing
vessel 420 into the cleaning vessel 440 is initiated by opening the straight valve
540 thereby initiating flow through the restrictor segment 555. Fluids are
discharged at a rate of about 30 mL/min. Each transfer of fluid from the mixing
vessel 420 involves about 7 mL of pre-mixed cleaning fluid. Closing of the valve
540 traps cleaning fluid in the cleaning vessel 440 whereby a residence or
contact time t, with the wafer effects cleaning. Rinsing fluids comprising the pure

densified solvent for rinsing of the wafer are preferably introduced to the cleaning
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contents. [0059] Interm xing of the conmponents and/or
constituents to formthe reactive cleaning fluid is

wa@leovs/ 081289 about 5 to 10 mnutes in the m xi ng PEFEL1005/005587
420 by charging the vessel 420 with pure densified
fluid 130 prior to transfer to the cleaning vessel
440. Pressure is programmed into and nai ntai ned by the
\Eissebgro cdasitie- dosing dpoe D20, i Rigsingufipids 0Bquivinge integnixing with
of fluids fromthe m xing vessel 420 into the ‘

atheafluidg oressiedntd 40ay del intrbtiated! thipughahé maixingevessel 420 to the
straight valve 540 thereby initiating flow through

dl@&niglgiig][sbgtgﬁ(t) %%ff?ﬁﬂ%%ﬁﬁvglzﬂo '%.a%st-gk&@é@ﬁ'@ggxé%ination of

arate , in. Each transfer of flui'd from
3ol fhfiRes AT Fopdticted DRl ERIPha1 S Mo X anaiysis.

r cleaping fluid in the cleaning vessel 440

(08810, o Fas ! iRuingr SxeRies el HRleRoR (P PHAMALS cf further
effects cleaning. Rinsing fluids conprising the pure
welesstandingsof thentedativersystemg affthe resamteinvantion. Examples 1-4
preferably introduced to the cleaning 27 WO
peeentie L2 afferEiTt &iHBOOIMEHE D8 4 reuethaetevitse mieelidheleaning system

rinsing loop 520. Rinsing fluids requiring interm Xxing
é{MchdinﬁttB‘?r'ie blotieds oPithé Bl vERyioRe | ntroduced

through the m xing vessel 420 to the cleaning vessel

440 via the cleaning | oop 515. Post-processing

exam nation of the test surfaces was conducted using
conventi onal SEM and/or X sjs. [0060] The

foll ow ng exanpl es are i ngmal-éo“ pronote a further

under st andi ng of the reactive systens of the present

i NREMERBE %&5§Y§EM@@W%|3‘N@ PEW@&OPOLYETHER

enb BHOSRHA T SHRFECT AlE /ARK¥L SSUInr OBIA T CIeSURIACTANT
system according to the prawedERof the present

i nventi on. EXAMPLE | REVERSE M CELLE SYSTEM COWMPRI SI NG

PERFLUCROPOLYETHER _(RHGRRIZATIE asiRFAGHANY ALKYL
SULFONATE CO- SURFACTANT all

[0061] FIG. 6 illustrates a reactive reverse micelle(s) system according to
a first embodiment of the present invention. lllustrated is a perfluoro-poly-ether
(PFPE) phosphate surfactant/alkyl-sulfonate (AOT) co-surfactant/water system
for removing etch residues 650 and non-metal residues 650 found to be
tenacious and problematic residues for semiconductor and/or wafer substrate
surface processing. This system has very attractive attributes for commercial
processing including very low quantities of modifiers, very low volatility, ease of
fluid recovery, low toxicity, minimal CD changes, and high speed cleaning.
Cleaning occurs preferably in a time below about 15 minutes per wafer on

average, and more preferably in less than about 5 minutes.
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/| WATER. (Resi due Cl eaning System) [0061] FIG 6

illustrates a reactive reverse mcelle(s) system
waews/ngizey to a first enbodi nent of the preserPtT/US2005/005587

invention. Illustrated is a perfluoro-poly-ether

(PFPE) phosphate surfactant/al kyl -sul fonate (AQOT)

Eysugg]r f act FRE/sYB{cPh of i BBsehPEMbBARMEMLSHhSILdLRHa@URS reverse

0 and non-netal residues 650 found to be tenaci ous

kLB AT B bR o B2 BEMERRMES Tt Phdtphate
() ti ttrib f. i al '
Siitdsant 06 ah 5 Jalki atlioSbeeBats UG fosueBRE P126RY.
volatility, ease of fluid recovery, lowtoxicity,
wmuwalbiﬁ}t/?-eﬂwhbesyl) awlifpsiicginateleersd Binsdinnakequialeahliimg
occurs preferably in a tine bel ow about 15 m nutes per

derisified COsomtimgeus phdse®30. pitef PFRE phaosphaés sutfaetant is
about 5 m nutes. 28 WO 2005/ 081289 PCT/ US2005/ 005587

tSHB8Sed BE aPHRsBABRS hddtRyrdi S 802 larki® PHPTE R B0ATPTHhE AOT co-

reactive reverse mcelles 620 or reactive aggregates

Apciairels Fﬂ%our@e&ﬁ%f%@%lﬁa% %;é?ﬁ## AR 5294 BB B0 and -
il 319, 56e b phosahaie Hearlsiption 8zndbAoT hrask aroups
%;mse 630. The PFPE phosphate surfactant is comgosed

8 aligm dxpiaactivieggigissupiale 620doraepeire aggregete; 62¢aereby
AOT co- surfactant 612 is conposed of a sulfonic acid

forming thenataetive adreg®bdipf @Srexprseamiaklles820y | ThePFRELERIl 604 and
The PFPE phosphat e head groups 602 and AOT head groups

ROTF @flieD dfitha re§FedivE S Uit 8081 5iR] te-sBA8ctaht 612 provide for
reactive aggregate 620 thereby formng the reactive
R h bR TRTD L 8062 0ne ARkt s 20
R AN A2 0 5 oesid 5 S0 BB ikl 6 surtace
;Pel%lerlugl ce;ﬁer%izc%"y modified residues 655 that are removed or separated from
the substrate 600 surface. Depending on resulting state (e.g., polarity, charge,
oxidation state, etc.), the modified residues 655 may remain in the densified fluid
phase 630 or may reside within the inner polar core 614 of the reactive reverse
micelles 620. The reactive cleaning fluid is maintained at a temperature that
ensures a density (p) in the fluid medium above the critical density (p¢) for pure
COa,.

[0063] Experimental. A 30 mL mixing vessel 420 was charged with 0.4
mL (1.3%) perfluoro-poly-ether (PFPE) phosphate acid surfactant 606 (Solvay
Solexis, Inc., Thorofare, NJ 08086), 0.15g (0.5%) of sodium AOT sulfonate co-
surfactant 612 (Aldrich Chemical Company, Milwaukee, Wi 53201), and 25 pL

de-ionized, distilied H,O (0.1%) 614. As an alternative, ammonium AOT
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or reactive aggregates 620 react with residues 650 on
a substrate 600 surface yielding chemcally nodified

WO e®is@8289 655 t hat are renoved or separated frpoOT/USI065/005587
substrate 600 surface. Depending on resulting state
(e.g., polarity, charge, oxidation state, etc.), the

@ﬂiﬁgk@dcé%ﬁir@%%@%@a@wergusétnut‘ela tie dediii i ROT 606. Solid
ul phase 630 or ney reside within the inner pgl ar

. 6 T .
Gl el S8 bofSe eR e Rl e Bl Asog section

that  ensures a density (p) in the flyid nedium above

40 of the MKINgoeRse ¢29pas1wfioqorﬁhﬂ@nt 0.,[ ldgf@pyvere subsequently
Experinental. A 30 nL m xi ng vessel 420 was charged

aflded.0 The hottgm. B3gsep settion d94puay sebhequemPeapped with the top
phosphate acid surfactant 606 (Solvay Solexis, Inc.,

Véuyebbaction M02F8aA8M), the. rhbdnd Bh&4thepU080dT msAbihire window 410
sul fonate co- surfactant 612 (Al drich Chem cal

%Wegwkﬂé%@%?@%emgﬁg@% afdthe YeBbel asmgm% ?ﬂf’n clamping

As an alternative,

812 0 5 . .
A8 418wt P bR Prier calodocs Breflir 2y the mixing
sl a2 TR PSSR ok FidioPERSEH AR B 030 v
vessel 420; liquid constituents (e.g., H2O were
thetsled perit416 aad dleel muttreopyponent fheidsuas skewedho Auarmixsor about
subsequent|ly capped with the top vessel section 402

b otomi 1y rhineited. Xi Mihec ohadning A@sell A0 appdi gileo wpredlwaded with a
410 was inserted into the upper vessel 402 and the

; n appi iaf | v r
PRI PRodibett St e it OB DD Bt doupon 700

15128 R AR B e ) 27830 B e o

har g ensi por

SOphar bhe S T el ot UGl PG 700 vas
was al so pre-loaded with a commercially processed OSG
abeutbZS iy, appedustrnB@ndasdt Therdeanjbg yesseio®t0 was charged with
pure densified CO; 630 via the inlet port 452. Transfer of the reactive cleaning
fluid into the mixing vessel 420 was effected via opening of a two-way straight
valve 540 in pressure connection with the cleaning vessel 440 thereby initiating
flow through the restrictor 555. Cleaning occurs preferably in a time below about
15 minutes per wafer on average, and more preferably in about 5 minutes or
less. In the instant case, the wafer coupon 700 had a contact time'tr in the
densified reactive cleaning fluid of about 5 minutes.

[0064] Temperature in the cleaning vessel 440 was maintained at about
20 °C to 25 °C with a pressure of 2900 psi thereby maintaining a density of the

fluid mixture above the critical density for the bulk continuous CO; fluid (about

0.47 glcc) 630. A rinsing fluid comprising pure densified CO; fluid was
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(FIG 7) having dinensions in the range from1l to 1.75

inches on a side and conprising a series of 1 pm
wW@atsesnsyi as 725. Thickness of the wafer 700 BaEUS2005/005587

about 725 pm an industry standard. The cl eaning

vessel 440 was charged with pure densified CO2 630

ea rﬁﬂ%n'ﬂ?'n‘?ﬁo ed ththe Jé&ﬂﬁé@fes@él MI?tHrééﬁﬁ 'tH@ rinsing loop 520

|nto the m xi g vessel

Fofh e t@% GG R R é”?%%ﬁyrpééﬁ@ngﬂéggéht‘ﬁﬁﬁ Raining the
b fl h h 555.

cranraly st sPerap dBpiUPR 6% | ne bel ow about 15

m nut es per wafer on average, and nore preferably in

HNRA] 5 ni Resuitsor FIG.cZshows aneSEMsmigiogiapbesf thee surface of an

waf er coupon 700 had a contact tine tr in the

desnsetthed OSEINB® tWstanafeg $ubstchte!70belganzdnusingethe reactive
[0064] Tenperature in the cleaning vessel 440 was

@e?éé"nﬂ@gllé‘ble%'ﬁﬂ@ fluiOcSmbAsigg PEPE Bh@sﬂ?fa‘?é%ﬁﬁ?A@fT 612/water

O psi thereby nmaintaining a“density of the
t I d k

‘é”y&t AR TR, f%dg@& SRR 9S04 Mo 35, and
flui.d c r|S|n S|f|dC(12fIU|d
Sti6ions SIBva PP eBBe8: N dDaHes c&%@&%ﬂ?\eﬁﬁ%imﬁo&the rims
to the cleanln vessel 440 through the rinsing | oop
ano walls chitliepetienréa®vab. and recovery of spent
reactive cleaning fluid containing the chemcally
nodi fi ed substrate residues 655. [0065] Results. FIG
7 shows an SEM mi crograph of the surface of an

over-etched OSG NBO test w{guptgbstrate 700 cl eaned
using the reactive reverse rri celle cleaning fluid

CO'ﬂEvéR‘é FEELPE PEREY ofYETHER

oA RORGM G ARBRYPAT ﬁQ AT R B EWATER

post cl eaned sanpl e 700 from both the rins and wal | s
of the pattern vias (R8sidysddganing System)

[0066] FIG. 8 illustrates a reactive micelle system according to a second
embodiment of the present invention. lllustrated is a PFPE-ammonium
carboxylate/hydroxylamine system for removing etch and non-metal residues
850 found to be tenacious and problematic residues for semiconductor substrate
and wafer surface processing.

[0067] The system of the instant embodiment comprises reactive reverse
micelles 820 or reactive macro-molecular aggregates 820 comprising a
fluorinated reverse micelle-forming surfactant, perfluoro-poly-ether (PFPE)
ammonium carboxylate 806, in a densified CO, phase 830. The surfactant 806
comprises a carboxylate headgroup 802 and a perfluoro-poly-ether (PFPE) tail

804. The carboxylate headgroups 802 align in close proximity to surround and
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REVERSE M CELLE SYSTEM COVPRI SI NG PERFLUOROPOLYETHER
AVMONI UM CARBOXYLATE SURFACTANT/ HYDROXYLAM NE/ WATER

wQ@ Resioghzes Cl eani ng Systen) [0066] FIG 8 il | usPCHUS®OR005587
reactive mcelle systemaccording to a second
enbodi nent of the present invention. Illustrated is a

fIrPEHRNAREH HHFar F@B’M'@‘tl@é BYgFyat dPoNeT iy PFeR femrso4 provides
e

renmoving etch non-nmetal residues 850 found to be

VSRS pfgi s, 7 Thger
AL LS Ao RIS ETBA) o rtray

aggregates 820 conprising a fluorinated reverse

peleeiede filopn rihag hyadioxslenine, clpes f ofuspmpeuings ethiydroxylamine being
(PFPE) ammoni um car boxyl ate 806, in a densified CO2
mprsse@afive, e sotréxatisive. SBl6ernatives are preferadlpselgictkedefrom the
headgroup 802 and a perfl uoro-poly-ether (PFPE) tail

SR4nolBnfing 86188 O &ofn 8! QURMGIAAIR bBh Fép?ré@étﬂatlve but not
proximty to surround and 31 WD 2005/ 081

E%éﬁ%?é?ﬁ@a%o%g%ve fﬁﬁeﬁ&@% ZHF{F@S?OEEYJ 0\5}8? it # the reactive

sasredralss gl lRsolf (s rerieln, SB0EO Romostie 200 surface

preferably selected fromthe hydroxyl am ne cl ass of
elerpinalis magjiingx ynemi ABd beamevingefhasmentRepandinguen state, the
not exclusive. Alternatives are preferably sel ected

foaifidchresidudsad®b amynesideawithiof theompeupdkar core 814 of the reactive
et hanol am ne being representative, but not exclusive.

. FhRréLARELIND BEPBE SitsTAatiVAly iMmthaP@bdifiéPrigidda. of the
reactive aggregrates 820 react wi.th the residues 850

gdbaﬁi‘)rlz %\S}.t @Ef r%%)nts lég nféé:shoecﬁbcgki%d "Eghéﬁlt' g@ ﬁ&e@eneratmg
eiﬁlggeﬁg%%é@@{gg?ég uest Lrﬂet g?n%Qr?:ﬁh Qﬂl—ﬁ) COufterion as a
constituent of the PFPE carboxylate 806 is more easily rinsed from a wafer
surface 800 than is sodium ion (Na®) associated with the surfactant described in
Example 1. Concentration of added modifiers (surfactants, co-surfactants,
chemical agents, etc.) is preferably below about 30% by volume in the reactive
cleaning fluid and more preferably below 2 to 5% by volume for waste
minimization, recovery, and/or handling?purposes.
[0070] Experimental. The PFPE ammonium carboxylate surfactant 806
was prepared for use by chemically derivatizing a pre-surfactant PFPE

4 ™ gvailable

carboxylic acid surfactant also known as Fluorolink 700
commercially (Solvay Solexis, Inc., Thorofare, NJ 08086) using ammonium
hydroxide available commercially (Aldrich Chemical Company, Milwaukee, WI

53201) and a molar excess of fluoro-di-chloro-ethane also known as Freon-
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reverse mcelles 620 or alternatively in the densified

fluid 830. [0069] The instant system has the added
whewsiHs28df not generating troubl esone parti cCBCHUS2005/005587

resi dues. The ammoni um (NH4') counterion as a

constituent of the PFPE carboxylate 806 is nore easily

1135%d dvaiable wabmmersiallf ac@\IBRA-Adzan, i SVaddi Wi oOMA  01835).
(Na') associated with the surfactant described in

%Egmlﬁaﬂel CNRANGF #é q’l‘ué’rfollﬁﬁdmémm' f’ Slffactant was )mlxed in a

rfactants, co-surfactants, chemc agents, etc

e RSP Etal FRBLERA calB% B 28 0254 Bt e in waten

to 5%.b ol unme, for m ni m zation, recovery.
aWWIU%bﬁuﬂf%@d%umgié?ely SIsTratig & salshPaste Ththe paste was
PFPE anmmoni um car boxyl at e surfactant 80 was prepared
dissolved lyyaddition edlabputid2Dvmt.i ofifrrgoa- 1 Y4 thedbeaker and mixing
PFPE carboxylic acid surfactant al so known as

fd aatlehi vilufion4 T digaid whb edristoomeec batitrggé®INyRgas purge and
Sol exis, Inc., Thorofare, NJ 08086) using anmoni um

EU\FHr%k asﬁﬂmbﬁéw 6né%@{ﬂie@é$ygéﬁ%%|h§ﬁh@ﬁ%‘l PRPE ammonium

Conpany, I waukee 53201 nol"ar excess o

%@%8'@%@@%@%?@%3@%82287“”‘HQT"&‘ASJQ?FQQ o

BN e &g bl ma¥inGriessel 4281 weik cageoroith 19 (3.3%) PFPE

pre-surfactant was mxed in a lar beaker under

ammaeem gadbaylate 806 B2olnof 6f 5Q%9/J1(ydgo>«ylarmne sojution (Aldrich
wat er) amoni um hydroxi de, i medi ately generating a
C€hkimicala€bg. Milhvaupes] &VivE320d) 828 \oedaltyrnativilyi 8® @if of a 99%
about 120 nL of Freon-113TMto the beaker and m xing

&Panodtine SALtGA @06. TRe! Vaksel 499SwdEi Gthryedafiti pure densified
n| trogen (N2) gas purge and cover for approxi mat el

8 0 A 0 AT 5 B o 200

anc)i( Icgﬁten? were ﬁgrr\ﬁ'&%d% erlo oth fror% a(b%u% ?to f (5) minutes thereby

forming the reactive cleaning fluid. The 500 pL cleaning vessel 440 was also
pre-loaded with a commercially processed OSG NBO test wafer 900 (FIG. 9)
having dimensions in the range from 1.0 inches to 1.75 inches on a side and
further cbmprising a series of 1 ym pattern vias 925, a base layer 905 of Cu, and
a stop layer 910 of SiC. Thickness of the wafer coupon 900 was an industry
standard, about 725 um. The substrate 900 surface was contaminated with
quantities of etch and non-metal residues 816. The cleaning vessel 440 was
charged with pure densified CO, 830 at a temperature of about 20 °C to 25 °C
and pressure of about 2900 psi via the inlet port 452 to maintain density in the
fluid 830 above the critical density of pure CO; (0.47 g/cc). Transfer of the

reactive cleaning fluid into the mixing vessel 420 was effected via opening of a
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amoni um car boxyl ate 806, 32 uL of a 50% hydr oxyl am ne
solution (Aldrich Chemcal Co., MI|waukee, W 53201)
w@2Wsm8128¢ t ernatively 38 pL of a 99% et hanol aPE€TY®S2005/005587
solution 806. The vessel 420 was charged with pure
densified CO02 830 at a tenperature of about 20 Cto

t@é—vﬁé@_ﬁﬁaghpﬁlﬁﬁétﬁm i prAUrd TonnacbreRith @Rk Scl¥diifg vessel 440
interm xed for a period of fromabout 5 to 10 m nutes

m . C | | . .
Higtebf ot Tolnidip AECERIRG 558 Sy Conlitepreittably in a
.CO rciall ocessed OSG . NBO test wafer 900 (FLG .
R Prig st SRURTRAS PRERRLFIGRD PYSIROE: o0 MBS eLsabivlin about
inches on a side and  further conprising a _series of 1 _
Sonindes er lessi 48 thednstanhgase, thpavaiepsouporr9004ad agontact time
stop layer 910 of SiC. Thickness of the wafer coupon
t-d0 Ghewaenaifiedmeéastivey clesninyifivid, of dbowt 572 wies. Teenperature in the
substrate 900 surface was contam nated with

cRédmiNg Vessel af40ehad maietdinsd Rk tadbut 20i°duRs28 26 wikhe pressure of
cl eani ng vessel 440 was charged with pure densified

2608 5@%?3 qg?iﬂgﬂﬁﬁﬁé@%}w gglﬂfe ﬂ@iﬂuhiﬁlgrelcal{)é\b%ﬁ&ggwodensity for

pre via the rnle

o HR oL e Tandf by SR RATNE, A W brotorabiy
reactive cleani nﬁ$“ uid into the m xing vessel 420 was

cantairing dowieadepefieh o id 3330 \wanFypbseduyyly introduced to the
PCT/ US2005/ 005587 two-way straight valve 540 in

Cleaniryggivessal ddlc throughiithé rinsing: lcegpn 529 to asswlvedth@ spent reactive
thereby initiating flow through the restrictor 555.

cllapiny) figidaetifingrthé ehamiyaliynmadifiednibserbivretidubds 855.

m nutes per wafer on average, and nore preferably in
5@ 0 e t [
9875 oo, BS CEIS8 bt R, SER Sty 16 e cleaned
densi fi reactiye kng fluid of ,a I nut es.
YRR e ¥R Elohed OREE P parties efln 8% Yol Gilifigoo. A
at about 20 Cto 25 Cwth a pressure of 2900 psi to
shawAtiaifGa % &Rs$tED repiduga (1dy erumbs oF atrigigpe) wiEee observed on
critical density for the bulk continuous CO2 fluid
theasioos anddar walls)ofsi@ pattermyian§26| tdllowing:falearing, showing the
successful removal of residues from the wafer 900 surface. Maximum removal
of residues was accomplished in this system in about 5 minutes or less on
average.
[0073] The instant embodiment has been shown to be a reactive system
given that chemical agent(s) in the densified medium react and chemically
modify residues 816 removing them from the surface. Hydroxylamine 825, for
example, is corrosive with many plastics, organic acids, and esters and serves to
hydrolyze Si-X bonds from the surface substrates. Hydroxylamine 825 may also

produce hydroxide that chemically aides in the cleaning process. Results show

the reactive agents 825 of the instant system in combination effectively remove
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contai ning pure densified CO2 fluid 830 was
subsequently introduced to the cleaning vessel 440

wo boosiogizss he rinsing | oop 520 to renove the spREL/US2005/005587
reactive cleaning fluid containing the chemcally
nDdified substrate resi dues 855. [0072] Results. FIG

h, f d
PR O, RSIREE 360a, Knirefot Teptae) “Heaf Saltactory for
Cé% ondHP&WOB?ngq&Ta Q’SF%AI)G 3 S‘b)edﬁ %gﬁ?%ﬁﬂrqﬁlge commercial

rims and/or walls of the attern via 925 follow n tg
BIOSERSIRg, atmxpﬁgmpwmgsmgggme% ehtpslifiess (lassi thaesabout 3 to
fromthe wafer 900 surface. Maxi mumrenoval of

5%sbyl velsinvaa total) catgthviehhledv valatility sersdisg donebre alf oecovery of system
mnutes or less on average. [0073] The instant

edstii eres! IdWSto_hi%ﬂY gl t ODbéhandecadid Highs ¥pee cleaning (less
gi ven that chem cal agent(s) in the densified nmedi um

fr%‘ﬁcét%(ﬁﬂ% ﬁlﬂﬁﬂ%gﬁb'é(/e i fy residues 816 renoving

rom-t ace dr oxyl am ne 825, for
I astli CSp anl C

ml eand esgloép‘g B Vﬁc’@gr\%gﬁi%p $RF119E1 9% 8 Tt er)?%%\'ﬁ%'e forming

fromthe surface substrates. Hydr oxyl am ne 825 may

@%Cta@fr §86cis ﬁ?&r%‘ﬁ'%%ntt Arteficktye CGH‘P'P? igi @é@OY'ﬂgt%'dueS 850.
cl eani ng process. Results show the reactive agents
Bagher, hydrokylatmine isypoksoluble dnbineanieah defifsified WDy It is the
renove 34 WD 2005/ 081289 PCT/ US2005/ 005587 surface

ebmbinagish defesoriEtiudrils an teespstentithateatfdctofredlopanof residues 850.
satisfactory for sem conduct or processing. Overall,

bi’r@cts Sitaet \‘f?/ ?h& ?’eé&tﬁnal‘)étwé%ncma‘(;c?l% rgﬁ?r%%erﬁﬁﬁeﬂés 820, the

attri utes udi ng 1 ow quantities iers

s than e yaﬁe@ﬁﬁﬁ fgsatiodbsObt o giRletesr S it ¥

constituents, lowtoxicity, mniml CD change, and

hi gh speed cl eani ng (less than about 5 m nutes on
average). [0074] It should be noted that the presence
of a reverse micelle formBXAMPLE 3

REVERSE MICELLE SYSTEM COMPRISING FLUOROCARBON PHOSPHATE
ACID SURFACTANT/ALKYL SULFONATE CO-SURFACTANT/
BENZOTRIAZOLE (BTA) WATER.

(Metal Residue Cleaning System)

[0075] In a third embodiment of the present invention, a surfactant/co-
surfactant/corrosion inhibitor/water system has been shown to be effective for
removing metal residues (e.g., Cu, Fe, Al, etc.) found to be tenacious and
problematic residues for semiconductor (e.g., silicon) substrate and wafer
surface processing. The instant system has very attractive attributes for

commercial processing including very low quantities of modifiers, very low
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surfactant 806 is not sufficient or effective alone in
renmovi ng residues 850. Further, hydroxylam ne is not
waeoloshorsd n the neat densified CO2. |t is the PCT/US2005/005587
conmbi nation of constituents in the systemthat effects
renoval of residues 850. Direct contact with, and

(/ﬁl%ﬁﬁﬂlyg aS& bIRGIA rebbﬁ?ﬁyzg)g\?]‘gdéﬁslﬂyeﬁﬁﬁlﬁ?al o %hbﬁﬁe@%d high

active chem ca and resi dues

Srerdifeilisd S dtucrllies el Gt

SURFACTANT/. ALKYL SULFONATE CO SURFACTANT/

RI AZGOERURG WA CapeHered pRvetRATORE iWitediglesitic d<D) “barrier-
Systen) [0075] In a third enbodi nent of the present
operh(BOhwateroeupastGdd (ece, LKD BA} havingsignifisaninevels of copper
i nhi bitor/water system has been shown to be effective

tegidue 680VThg systeat of B’ sheseni{ embodintént iseomplosedtaf ractive
found to be tenacious and problematic residues for

t f .
R SOTALEIA) 620 G S 2 ity ool

B TP pBEShALE S hn: ERTRIRL S din hB8dgroup 602 and
R B RO S MA LgB o aci

and high speed cleaning (less than about 5 m nutes
pelfonaie peo-shfacans §42. he{vm@]surf@@pmgi %gulfsmﬁi@@p@dgmup 608
a porous lowK dielectric (LKD) "barrier- open" (BO

wall er diatkyb@eng 6 Q0ethgl-exyl ) 18D 630) atpvesent $n grddrisifeed CO,

| evel s of copper residue 650. The system of the

BHRHRIBusSHRRE 630 | theGREBERESMBOdINRAHL & \CBrrosRYERABItor was
m cell e(s) 620 or reactlve aggregates 620 conprising a

AR ANREPRRL Yo PLDRE | PRSI PRt akE, ksl are §06) of the

aving a p ospha éadgr'oup

gggﬁ%tbl = 6&)@ efhhél phospmlaté hséaldfg(?'gbjgsc ngt ?Jd/ér SLHfOﬂIC head groups

608 react with metal residues 650 to yield chemically modified surface residues
655 that are removed from the substrate 600 and may reside in the reverse-
micelle core 614 and/or in the densified fluid 630. For example, chemical
oxidation of metal residues 650 such as Cu(0) and/or Cu(l) that yield chemically
modified residues 655 such as Cu(l) and/or Cu(ll), when removed from the
surface of the substrate 600 may migrate to the inner micellar core 614 where
head groups 602 and 608 in the reactive aggregate 620 can bind or complex
with the modified residues 655.

[0077] Experimental. A 30 mL mixing vessel 420 was charged with 0.4
mL (1.3%) perfluoro-poly-ether (PFPE) phosphate acid surfactant 606 (Solvay
Solexis, Inc., Thorofare, NJ 08086), 0.15g (0.5%) of sodium AOT sulfonate co-

surfactant 612 (Aldrich Chemical Company, Milwaukee, WI 53201), 25 L de-
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sul fonate) co-surfactant 612 having a sulfonic acid or

sul fonate headgroup 608 and a dialkyl (e.g.,
wQ@2@bslyizshexyl ) tail 610, all present in a denBCT/USI05/005587

CO2 continuous phase 630. In the present enbodi nent,

a corrosion inhibitor was also added to the fluid

i%hﬁe‘%ﬁdﬁs‘?ﬂl@é%@’@ @/gf@ncbsw% BB TIhayadridieCemiél)COf
BO substrate 60 The phosphate head groups 602

@3@4 e e S Rt R
G e TR AL DA S

in the densified fluid 630. For exanp
sfanate en-srfastandimalbe gubstiebe fmdhe é@d@m 6)0Bﬁaﬁo$ohd
Cu(l) that yield chemcally nodified residues 655

sonstitasntCnéterian@. @ rsuttacidnt) wehe addedby b botbomtvessel section
surface of the substrate 600 may migrate to the inner

4’0& Alduid c6RSRUEAE (é"@erﬁ%zﬁ%ﬂe USSRy a@@@d60ﬁ1é Bottom

t e reactive aggregate 0 can bind or conpl ex

s*s@g%rsggmﬁs%mgéw%é@ I e bon 02
B AR er 4PE Theh s ha Sindcl hAkL L% &Med into
0.15g (0.5% of sodium AOT sul fonate co- surfac ant
theougperdesshl aTEen dAR anshiferessel clamkdt2 ang mgm}; ring 413
25 pL de- 36 WO 2005/081289 PCT/ US2005/ 005587

were seclrediis plddessh HRZONHONG Yessal M205hereB0efeTiAg a pressure seal
(Aldrich Chem cal Co., MIwaukee, W 53201), or

il th@f\)é%*séb/&i()’ @h@%@gséthZl)ofﬁlaQﬁ%rﬁéﬁ@%?@'wﬁh“ﬂéﬁslﬁ@d CO, 630 via

Chem cal Co., M| waukee an alternative,
BT R E?aﬁ&%iéé”@l*ﬁFﬁ@npi%%ﬁé%%a%%@ofn%w T for about
|'s f act ant dded to,t t
ST 0iRidids ofne Sn T oo %%h&sﬁast B il
wer e subsequently added. The bottom_ vessel secti on
qunMgisialy peecsnssad It‘?Std/S@fsédowqf i@ hareer-gpen 686 type having

section 402
dimensions in the range from 1 to 1.75 inches on a side. Thickness was an

industry standard of about 725 ym. The cleaning vessel 440 was charged with
pure densified CO, 630 via the inlet port 452. Transfer of the reactive cleaning
fluid into the mixing vessel 420 was effected by opening a two-way straight valve
530 in pressure connection with the cleaning vessel 440 thereby initiating flow
through the restrictor 555. Cleaning occurs preferably in a time below about 15
minutes per wafer on average, and more preferably in about 5 minutes or less.
In the instant case, the wafer coupon 600 had a contact time t; in the densified

reactive cleaning fluid of about 5 minutes. Temperature in the cleaning vessel

440 was maintained at about 20 °C to 25 °C with a pressure of 2900 psi fo
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form ng the m xi ng chanber 408. The sapphire w ndow

410 was inserted into the upper vessel portion 402
wap@sgrsyessel clanp 412 and cl anpi ng ring 41BCT/NIBZ085/005587

secured in place on the m xi ng vessel 420 thereby

effecting a pressure seal in the vessel 420. The

eY86feh déAsityasthblreachREBaHing miktgrens flui® abew8 tRs Britéa

the inlet port 416 and the multi-conponent fluid was

d@lqg@%\f’d}é@ bPLES mgqmc(gbout 5 to 10 mnutes. The

v sse 440 s al so pre-loaded with a

rC|aII [ OC d test .wafe .
AT optrlil) PR eEiintD Shain@?bETOH e volige in the
omlto 75 inches on a side. Thickness was an
denaugﬁrQOstfww preferply inodygad tnéhe |ciaaning urssskfollowing
440 was charged with pure densified CO2 630 via the
resitlee neonavali30. aifleatisf eecoferyhef tleacpent adéasngnfiuid containing
fluid into the m xing vessel 420 was effected by

nigREfied eesidie6 BB itoRt thal Whfer\satfaee 6080 i n pressure
connection with the cl eaning vessel 440 thereby

[bé“?%]'r ati ”@}Jé 4518495 dsBAts kﬁérérﬁaﬁfﬁﬁs ﬁ:g‘srhlts%?fé&&gal copper

occurs preferably ina fine elow nm nu

er and referabl

ff?ﬁ (RS B s Loy BB RIS Bo gt Warb e R

0 had a cont act 2\% in the densified . reactive . .
pepéahﬁtﬁ@lkyl gutopate WW%GWM?%IPCWQW&%%'OQ withna fiRging fluid
cl eani ng vessel 440 was mai ntai ned at about 20 Cto
capdising H%aPpDEisis wetisidfed?@09. psi to 37 WO 2005/ 081289
PCT/ US2005/ 005587 ensure a density in the reactive
cleaning mxture or fluid above the critical density

TWBLP?@Z RbsahetdceCarfhl sﬁé @@sulis%?%s&ﬂl'db’?ﬂp@@ £ é“GBG BO wafer
'f%llé\ﬂ beidhn ﬁfg RYaci9b Welde- |Ie % &Dmprising
hBF 51 PAGT r 'iH?:ﬁLfo‘?rq ’?ngé) Wi rg?:lgglgrdensﬁled

cchz,@é @gm% e ot e A

resi dues 655 fromthe wafer surface 600 [ 0079]
Results. _Table 1 presents XPS analysis results for

resi dual d&dpaarType Wafer Type XPS Surface, Cu
(atoms/cm?)
Untreated 0OSG BO 1.0 E+13
Reactive Reverse 0OSG BO 4.0 E+11
Micelle-Treated

[0080] A residue concentration below about 2 X 10'® atoms/cm? is
considered viable for commercial wafer processing by current semiconductor
industry standards. As shown in Table 1, copper residues on the test substrate
600 were reduced to about 4 X 10" atoms/cm?, substantially below the industry
standard for metal residue cleaning showing the present system to be efficacious
at removing metal residues 650. Maximum removal of metal residues 650 was
accomplished in this system in about 5 minutes or less on average. In addition,

results showed the base metal layer (e.g., Cu) of the BO substrate 600 was
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for an OSG BO test wafer coupon 600 foll ow ng cl eani ng

usi ng the PFPE phosphate/al kyl sul fonat e/ BTA/ wat er
waysses28ncl uding rinsing with a rinsing fl ui dPCT/US2005/005587

conprising 5% i PrCH in densified CO2 TABLE 1. XPS

surface analysis results for residual copper for a OSG

pBQeraie by SQdiEen b kheVdoitbsidreafhibigorvak ha amog@llri vethe instant
reverse- m cell e system conprising PFPE

S)Fgg %_'hate/AOT/ BTA/water including a rinse with 5%
in densified CO2, according to a third

di msn of. t,he sen vent i on an T
G e s pntate BV SRR ok PEED Shemﬂrf@a & @t Sl given
E+13 Reactive Reverse OSG BO 4.0 E+11 M ceI | e- Tr eat ed
theo oswmisel agert(® &bm«émnatﬁesnrr@éwm rggstivith jubsirate residues

atons/cn2 is considered viable for comrerci al wafer
cpemnivally imadifying and eamosing thendfrotothe surthcst r Results further show
standards. As shown in Table 1, copper residues on the

thee@lacivd ebh&tittente0sr therifstape §9§téni M ébabinadion dfsklively remove

atons/ cn2, substantially bel ow the industry standar

Slflxgé%ér?é%#iuése§é %%oﬂrﬁé‘(&'iéi%%\%‘ EIQaf\hr es cﬁﬁ@%rgggﬁfaﬁ% of the

I cacl ous enovi ng neta
[ d
s A s dBL Pl SRR aReRT o arinas Gonqanttion of
on avera In addition, results showed the base

a@h@wmcp@g@rs inelugling @yﬁagi?ar‘[t%ewgtgr s Dydioxytamipgo sigasis pigferably
WO 2005/ 081289 PCT/ US2005/ 005587 preserved by

belddi about 30%:t by vobrme dn dne iraactbiet cleaaihgafluiddaid enorenpreferably
the instant system [0081] The instant system has

béiean dboutn2 t @ By abyeaslunve By Sivastedinviaimizatied and/or handling

chenm cal agent(s) in the densified mediumreact wth
pﬁr‘b‘%%&é.at e residues
[0082] Again, it should be noted that the presence of a reverse micelle
forming surfactant is not sufficient or effective in removing residues alone. It is
the combination of constituents in the system that effects removal of residues.

Direct contact with, and reaction between, the reactive reverse micelles, the

reactive chemical agent(s) and the residues of interest is critical.

EXAMPLE 4

REVERSE MICELLE SYSTEM COMPRISING PERFLUOROPOLYETHER
CARBOXYLATE SURFACTANT/HYDROXYLAMINE/WATER

(Metal Residue Cleaning System)

[0083] In a fourth embodiment of the present invention, cleaning and

removal of tenacious metal residues (e.g., Cu, Al, Fe, etc.) has been
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chemcally nodifying and renoving themfromthe

surface. Results further show the reactive
waeomnsseent s of the instant system in conbi naP@CDIS2005/005587

effectively renove surface residues to a comerci al

| evel of clean, including preservation of the

SRR Hsged a%f%ﬁ@é a é}férﬁtfj%t-;?{ﬁl%ggl‘géer g S(ﬁ"fﬁn shBhium  carboxylate

processing. ntration o Fiers _
R e S e
cleaning fluid and nore preferably below about 2 to

490841 vol urkder sysirastal theninatant eBbosiaeRy CARMISERga fluorinated

pur poses. [0082] Again, it should be noted that the
bydemackonf sufactantr 806 not dPFRE-dromeiniun scabasylate 866 having a
not sufficient or effective in renoving residues

eheisyldte Headghd\gp 8021nMA IRFPRftal 804tihta/dehsified CDE phase 830.
systemthat effects renoval of residues. Direct

;Ag;'\%'irﬂ%e"‘f\lm’f cBlAter PR ARe b&%ﬂt"‘%e;ﬁreférlﬂgﬁi IRAgL& Yﬁ?reaﬁasily rinsed

erse mcelles, the reactive chemc agent

G e e e 6, e A B bemonn suractan
gARBCMYLATE SURﬁACTANT/HYDRCMYLANINE/WATER (Met al )

06iTa(ies aradRmglesyler pjcijverraregates §45Li0k Ipackie devriise micelles
of the present invention, cleaning and renoval of,
B2Rdvitbeglansifid ©Ezirmdedisin 83§.whanejn g c@boxgkate hehdgroups 802
been 39 WD 2005/081289 PCT/ US2005/ 005587

digmrintcleseprogimiy ® perrblind@randofdrn eidéindrPbdlEr core 814 of the
amoni um car boxyl ate surfactant/hydroxyl am ne/ wat er

Pyt ag}i{egsf&i 8581 HerehppPRelfve04 gﬁﬁédrl?sl gtSIggﬂﬁ}tr e densifed

t he 1 nstant “enbodi nent conprises a

AR 83G1 PR SBOREST e B¥erciork T4 B0, ikl ppcppgptes 820 are

gngaPF_PEtail ﬁ04inade ified CO2 phase 830.. )
efined primarily by the presence of the trace quantities of reactive constituents

or agents 825 residing within the polar core 814. Depending on state, reactive
agents 825 may also reside within the bulk densified fluid 830.

[0085] In the instant example, reactive agents 825 present in the polar
core 814 of the reactive aggregrates 820 react with metal residues 850 of
interest yielding chemically modified residues 855 which are removed from the
substrate surface 800. Depending on the resulting state, modified residues 855
may reside in the polar reverse-micelle core 814 or alternatively in the densified
fluid 830. Reactive agents 825 of the instant embodiment are preferably
selected from the amine class of compounds, hydroxylamine being
representative, but not exclusive. Alternatives are preferably selected from the
alkanolamine class of compounds, ethanolamine being representative, but not

exclusive.  Concentration of added modifiers (surfactants, co-surfactants,
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Again, the NH4' counterion for the salt is preferred
as it is nore easily rinsed fromthe wafer surface
wo b@s/ogesNa+ i on. The fluorinated hydrocar bon PCT/US2005/005587
surfactant 806 forns macro-nol ecul ar reactive
aggregates 820 or reactive reverse mcelles 820 in

Eﬁgm%eoﬂ‘%i e'ng% Zé%gilil %ﬂé@tﬁ?@)ewraﬂoﬂt 306, ‘bg/f\%m'eaﬁhghe reactive

eadgr oups nin close proxinmty to surroun

and form the inner polar 4 0 he_,,react|

Blsanuh flid 3ap8 "os® Pefie Bl i Deold e 3B Yellie, for waste
in the densifed fluid 830. D nensions of the inner
puRigigation facevayt aRYORNBREHL RYP988Sare  defi ned

primarily by the presence of the trace quantities of

[@R8E]i ve cdExperimentad. The ¥féit an@ddniues icdirmaxyate rurfactant 806
the polar core 814. Depending on state, reactive

dgeprep8rd forusel i Egareiplen® bhiote! Tiee 130! iLdaRd Veskel 420 was
fluid 830. [0085] In the Instant exanple, reactive

. r .
CABIIeR R 18 GE A LMD, §Frgiiai, odibloRyBte sBiral Rt 806, 32 ul of a
o, LNLerest vieldir i nodif i ed,.resi dues,,,8

Rhoa hI RS scerln i, (RRELA SnarlBBl Co rikBlGEG M *55201) 825
Dependi ng on the resuloti ng state, nodified residues, . .
gs8lterpalivelys3& el iof a9 siianolaming sutipr.e Nacarppsion inhibitor was
or alternatively in the densified fluid 830. Reactive

agded sn 826 cufrenheystest. afiontenis dif tbatvessel 42@waraldniermixed for a
selected fromthe am ne class of conpounds,

bedo®xofl fohnes-hei mihutes byeskatgiid Weith puire ndénsified CO, 830 at a
exclusive. Alternatives are preferably selected from

Légﬁ%e@tlh%”ﬁ QHBWZ@“@S%U%’é o€ OAFRP PR UrE [ 3URI0AFsiNBereby forming

g representati ve, not excl usi ve.
ncent.rat i on. NN rf

IR TR chifo B Vi SB0R b Bae T ReE R Massalag pre-oaded
chem cal agents, etc.) i referably bel ow about, 30%

With\ai auer- iehereoaremersioly Bracsa%ﬁe(ﬁﬁﬁq (RTIShAP&BY éoﬁ test wafer
preferably below 2 to 5% by volunme for waste _

A00i (e.g.atlikia, BOgdawvingy diragniions hartbei reaggpufrpos d4) inches to 1.75
[ 0086] Experinmental. The PFPE anmoni um car boxyl at e

highkbscbana &§06. The surface was contaminated with quantities of metal
residues 850 (e.g., Cu). Thickness of the wafer coupon 800 was an industry
standard of about 725 uym. The cleaning vessel 440 was charged with pure
densified CO, 830 at a temperature of about 20 °C to 25 °C and pressure of
2900 psi via the inlet port 452 to maintain density in the fluid above the critical
density of pure CO; (0.47 g/cc). Transfer of the reactive cleaning fluid into the
mixing vessel 420 was effected via opening of a two-way straight valve 530 in
pressure connection with the cleaning vessel 440 thereby initiating flow through
the restrictor 555. The wafer coupon 800 had a contact time t; in the densified

reactive cleaning fluid of about 5 minutes or less. Temperature in the cleaning

vessel 440 was maintained at about 20 °C to 25 °C with a pressure of 2900 psi to
41



was prepared for use as in Exanple 2 above. The 30 nL
m xi ng vessel 420 was charged with 1g (3.3% PFPE
w@novs/81289 car boxyl at e surfactant 806, 32 ulL of Per/USDW6/005587
hydr oxyl am ne solution (Al drich Chem cal Co.,
M | waukee, W 53201) 825 or alternatively 38 pL of a
%33/&@ Bf’%fé}L ¥ iR&n & Gluid 'n%aturé\'%b%‘aértﬂé'&ﬂucbr‘abl% e)PForV@é)z of about
ed in ssel

e‘current system Cont ents of

@y r gi ngg\i{\’gﬁ%gﬂp%ﬁ?ﬁgﬁ@f %dgéér%n? §8]50 t.rﬁ%‘e@%‘ﬁ% a rinsing
bﬁ%ﬁ%ﬁp&@é’&p&b %thls'ft%%%@aéﬁﬁ dog Pasliengore. remaval of the

- 500 pL cl eani n? vessel 440 was al so pre-loaded wth

aeacdwer cleaolngd floishnentaining yhe meedifed oreskinesh8ds iakeaned from the
open" (BO test wafer 100 (e.g., LKD BO having

diafensurfense 800.t he range from 1. 0 inches to 1.75

inches on a side. The surface was contaminated with

SFU@S"I’ J ti es RdsuI®y. atablé ©5rdyestsS0S (halysis @s)ults for residual copper

hi ckness of the wafer coupon 800 was "an i ndust

da e 4 S
AR o i) %%%éﬁé‘%’%?fy 58hed; %v*ﬁ@ the PFPE
of abo,ut 20 ressure of 2900 psi via
BRPAREE Ao RS Py AR SYAISRS 1y ©n the Tl ui d
above the critical density of pure CO2 (0.47 g/cc).

Transfer of the reactive cleaning fluid into the .
MABIg 2/ eXPE surPdcenasalg$it dot mesidual copeer 0§ adfK@ BO wafer coupon
followiay cleaninghtvithaby reeelie | eversesnticelle systeattdonmprising PFPE-

whirfiohinen ehastiyidegaeslylahibet Aeickting toi 4 ifabritin@nitbciiment of the
bm@mmvém@nrestrl ctor 555. The wafer coupon 800 had »

a contact time tr in the densified reactlve cl eani ng
fluid of= utes enp t

cl eani ng \%gégﬁyﬁﬁ; Was Un%\{dngzixgé a W&‘f fﬁ‘
25 C wi kh—a ressure-off 2900 psi m

PCT/ US2 (’)'—'»/(94 E@@fedpnm re a B y in thp 6111\51"?‘112

m xt ur | onAckiveieverse ilcal 4&BBG) for| cor ©bP Eeut

0. 47 g/ ccMigdlte-Tefaded substrate' 800 was rinsed from?2
to 5 times with arinsing fluid conprising the
densified CO2 fluid to ensure conpl ete renoval of the

[0088] A residue concentration below about 2 X 10'® atoms/cm? is

~

considered viable for commercial wafer processing by current semiconductor
industry standards. As shown in Table 2, copper residues in the test substrate
were reduced to about 1 X 10'? atoms/cm?, evidence of the viability of the instant
embodiment for commercial wafer processing. As in Example 3, results further
showed the base metal layer (e.g., Cu) of the BO substrate 800 was preserved
by addition of the corrosion inhibitor as a modifier in the instant system.
Maximum removal of metal residues was accomplished in about 5 minutes or

less on average.
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reactive cleaning fluid containing the nodified
resi dues 855 cleaned fromthe wafer surface 800.
wQ 0@8/Ms12Resul ts. Table 2 presents XPS anal ysi SPCEES1005005587
for residual copper for a LKD BO ("barrier open")
test coupon 800 cl eaned using the PFPE anmoni um

' | at ' k i
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BO waf er coupon
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h
chaiBigalhe modifyinthand se@exig NRIEHENbHe yréage. TRpauliRfusther show
Type XPS Surface, Cu atons/cnR2 Untreated LKD BO 6.4
thelrzackeaconstituBntiscofsibelirsiaBDsstentin gcombination effectively remove
M cell e-Treated [0088] A residue concentration bel ow

altade Pesldddd 2o af eBRineeRidl Jevealoofs tidang tholidihy epreservation of the
commerci al wafer processing by current sem conductor

Sty téyla?E@sr,‘dgét%?act&? $O10WBiicbnkRRk S é(rjo RRY. Results further

residues rn the test sSubstrate were reduced to about

X 1012 atons/cni. evid f. the viaRility._ o
S g CoBnioh: el o Bf eftired onpBRleyb Bk ihife level of
As in Exanple 3, results further A showed the pasge .
¢eaning: aueralle. @S,uﬁmh%w & BIstelbsary 'ES s%iga%\ée commercial
preserved by addition of the corrosion inhibitor as a
prodessiag attritutes,iinguding leysquantitiesmof inmedifiersntelativaly low volatility

nmet al residues was acconplished in about 5 mnutes or.
beesnstituarty &gRling 2o VEas) @5/ 280289 RO W Ok OMESSTow toxicity,

[0089] The instant system has been shown to be a
kil D @@ @n¥Shigh speed cleaning (about 5 minutes on average or
less).

[0090] As with the other system ehbodiments presented herein, the
presence of a reverse micelle forming surfactant is not sufficient or effective in
removing residues alone. It is the combination of constituents in the system that
effects removal of residues. Direct contact with, and reaction between, the
residues of interest, the reactive reverse micelles, and the reactive chemical
agenti(s) is critical.

[0091] While the preferred embodiment of the present invention has been
shown and described, it will be apparent to those skilled in the art that many
changes and modifications may be made without departing from the invéntion in
its broader aspects. The appended claims are therefore intended to cover all

such changes and modifications as fall within the spirit and scope of the

invention.
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that chem cal agent(s) in the densified nediumreact
Wi th substrate residues chemcally nodifying and
wo e0wssng? t hem from t he surface. Results furt heeT/Bhmns/005587
the reactive constituents of the instant systemin
conmbi nation effectively renove surface residues to a
comercial |level of clean, including preservation of
the substrate |ayers, satisfactory for sem conduct or
processi ng. Results further Lﬂ a corrosion
i nhi bitor is not requiredtg ve an effective
level of cleaning. Overall, results show this system
RiWiAM:at tracti ve comerci al processing attributes,
including I ow quantities of nodifiers, relatively | ow
volatility of constituents |lending to ease of
recovery fromthe bulk fluid, lowtoxicity, mninmal

cp chabnmceagdomne@ﬂib\ﬂme&@mm«nma selstnduciorBiibagrac)
average or less). [0090] As with the other system

gﬁgﬁjsm gented herein, the presence of a
(r%e rse™m ce#l E ' [ [

form ng surfactant is not sufficient

conbi RERT G SenHEBYURRYRSHT ¥FR RdREn o Sebitare

effects renoval of reS| dues.. Direct contact wt
tRABET M AR QRERSSUFH 8N dwhargindbe slenshy of Ehe ﬂU*E’H% abOVG the

react ive reverse m celles, and the reacti ve cheni cal
sjtealdensity; critical . [0091] VWi le the preferred
enbodi nent of the present invention has been shown

and desovidingta cleanid torhpometarent to those skilled in
the art that many changes and nodifications nmay be

made WWibAAKiNn §§i€r drissidd’ ﬂlﬂa taha §a'iH/8I%tahm§; éd'}np?ﬁént whereby a
broader aspects e appended clalns aretherefore

e Cqﬁé’ﬁﬂﬁﬁnﬁéa@hm?ﬁ EoeRERE ERoRpe e BRI AR o
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reacvt\iee aggregates; and contac%ng a I’eSl ue on a subNFrate with said reactive

cleaning fluid for a contact time {. whereby said residue is chemically modified

and removed from said substrate.

2. The process according to claim 1, wherein said cleaning component is
selected from the group consisting of at least one reverse micelle-forming
surfactant, at least one reverse micelle-forming co-surfactant, at least one |
reactive reverse micelle-forming surfactant or reactive reverse micelle-forming

co-surfactant, at least one reactive chemical agent, and combinations thereof.

3. The process according to Claim 2, wherein said co-surfactant is an alkyl acid
phosphate, alkyl acid sulfonate, alkyl alcohol, substituted alkyl alcohol,

perfluoroalkyl alcohol, dialkyl sulfosuccinate, bis-(2-ethyl-hexyl) sulfosuccinate,
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WE CLAIM 1. A process for renoving residues froma

sem conduct or substrate, conprising the steps:
w@e@iosizay a densified fluid wherein said fl ui BCT/ESB05/005587

gas at standard tenperature and pressure and wherein

the density of the fluid is above the critical

| . o i | .

T R R g A e PR St A lfctioRtl

wher. e reactive cleaning fluid is forned

Ce&%\ﬁ*?%@tﬁéh?rgggt ive reverse-mcelle(s) or reactive

aggregates; and contacting a residue on a substrate

with said reactive cleaning fluid for a contact tine

tr whereby said residue is chemcally nodified and

e nbive pragessmassotlisg e Glaitre?2, @herkire spidasesgrfaciaot i angon-CO,-

to claiml1l, wherein said cleaning conponent is

HilRcé ethdtastrageden Womjumctionsiitt & WO LPhilt sufastangne

reverse mcelle-formng surfactant, at |east one

reverse mcelle-formng co-surfactant, at |east one

reactive reverse mcelle-formng surfactant or

r ' ] l&-.f or ng - SUr t. at.. . .
EaEhe BfodopeiepBidhg fa i 2y Bher E8mRHSSBR Hron B rinsing saia
thereof. 3. The progess according to Claim2, wherein.
subatrals with pglansied dnsing Mgl $orapliging mpo@parﬂ.qts,%é’/f yadifiers by
acid sul fonate, al kyl alcohol, substituted al kyl

aobsnel , perfluoroal kyl al cohol, dialkyl

sul fosucci nate, bis-(2-ethyl-hexyl) sulfosuccinate, 44

WO 2005/ 081289 PCT/ US2005/ 005587 AOT, sodi um ACT
anmoni um AOT, derivatives, salts, and functiona

?JUTN@bRSHe%sté&%bRﬁﬁ% t&CIéﬁhfsmﬁ@wséieq%sgﬁ_@gw{dﬁ?C%élpme

, Wherein sald co-Surfactant 1s a non-
]fsﬁfé%jafp < used in conjunction with a C02-philic
ant .’

h
surfac
7. The process according to Claim 5, wherein said rinsing fluid is a mixture of

densified CO; and a modifier selected from the group consisting of iPrOH, H20,

MeOH, EtOH, or combinations thereof.

8. The process according to Claim 7, wherein said rinsing fluid comprises up to

about 15% by volume iPrOH.
9. The process of Claim 1, wherein said densified fluid is a liquid with a

temperature from about 20 °C to 25 °C inclusive, a pressure from about 850 psi

to 3000 psi inclusive, and a density above a critical density for the densified fluid.
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5. The process according to Claim1l, further

conprising the step of rinsing said substrate with a
waleosiogizedl rinsing fluid conprising up to aboupCB0%2005/005587

nodi fiers by volune. 6. The process according to

Caimb5, wherein said rinsing fluid is the pure

Vﬁ”ﬁl‘lé hﬁ?cefslg%{c%ro?m c?@lﬁ “Fe\ﬁﬁefé‘?ﬁgéﬂi ¢H i@agn%mcgdon of said

erel sal rrnsin IS a mxture o ensi

and, a nDd r,sel ect d fr rQup _consij sti.
Qﬁs"i’tﬁ SomPriges ot oget HeTeastion SAne et SR ol edteisthg o
The process accordi ng to Claim7, wherein said
@hemlq% PHidatiene seRHGtioas Majeeuar weisiht rediigtiey, fFagmeat cracking,
i PrOH. 9. The process of Claim1, wherein said
eecteifgeg dssociation, dissddiafiang omicbmmattoasﬁbemaﬁ mehefrebyn
about 20 Cto 25 Cinclusive, a pressure from about

8is8olsibn, $61UBNLAKIAYS icomsiéxstiort or ity dﬁfwduesaé@mms &hereby
critical density for the densified fluid. 45 WO

zge%gﬁaaé%rggm@qwgéa%bﬂs% gghe _process

according to wherein said chem ca

nodi fication of said residue conprises at |east one
reaction selected fromthe group consisting of

%hen1cal oxi dation, reduction, nolecular weig

bdUbeirsacess agrAtAINadPAeiRiMd, Wf@z@ﬁaﬁ@gfére%%&l%am% fluid has a
di ssoci ati on, or conbinations thereof whereby

widsced dansity irsmwltanlgiezfmmcahouttdrtpﬁeimatuisme, or bi ndi ng

of residues occurs whereby said residues are renoved
fromsaid substrate. 11. The process according to

Claim1, wherein said reactive cleaning fluid has a

thﬂﬁ%dpr%Q% S¥cdrBinghe GaRES, WHRARRN r eécgi?(ran%lleaning fluid has a

I'ncl usi've. %’r ocess according to

t/vher el ﬁ{rﬁaa@% alﬁ{%%gvﬂg\é%ﬂ\}eeetﬁgo@@'C?L%' d qr?ﬁxggland critical pressure of

tenperature and critical ressure of said densified
$qua.,pd@nsmed fluid. P

13. The process according to Claim 1, wherein said densified fluid is a member
selected from the group consisting of carbon dioxide, chlorodifluoromethane,
ethane, ethylene, propane, butane, sulfur hexafluoride, ammonia, and

combinations thereof.

14. The process according to Claim 1, wherein said reverse micelle forming
surfactant is a member selected from CO-philic, anionic, cationic, non-ionic,

zwitterionic, and combinations thereof.

15. The process according to Claim 14, wherein said anionic reverse-micelle

forming surfactant is selected from the group consisting of PFPE surfactants,
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13. The process according to Caim1l1, wherein said
densified fluid is a nenber selected fromthe group
wa@oensiost28ng of car bon di oxi de, chl orodi f | uor oneCHaER®YS/005587
et hane, ethyl ene, propane, butane, sulfur
hexaf | uori de, ammoni a, and conbi nations thereof. 14.
| .
E!F?’EFF%‘E?)? Ia?&scqflﬂj’@%uFfSné?eé‘, PEbE n@ﬁéﬁa@bﬁ?%@l gﬁ@lga:‘nt%s, bis-

m ce mng surfactant is a el ect’e
2-philic, apioni¢. .catiopic, .non-i.0nic .
Greibineeih saRoRE e R T2 spifgsuccinate,
process according to aim 14, wherein said anionic
?E\f@@%‘émrb@e@r%thylr%@wg@i'&Ppﬁlaﬁ%tﬂupéo@éb%PéEPQ‘WlﬁW‘S,
t he group consisting of PFPE surfactants, 46 WD
fooscagiasphesphaise Fusrocrben sufeRrEesaabd xphitiratjoneRREreof.
sul fonat es, PFPE phosphates, al kyl sulfonates, bis-
(2-et hyl -hexyl) sul fosucci nates, sodi um
bi s- (2-ethyl -hexyl) sul fosuccinate, amoni um
i S - _ i . f . .
O oiE Tiokes BedincPtd CRRHCE, MR e O pRESAE Paverse-micelle
f. t a C [ i reof. 16. T Cess
T Pa Sh et BRI ARt ekt B IR iy Moo 8Ss o
reverse-mcelle formng surfactant is selected from
EPBPPENESoCt yI ammoni um f1 uori de cl ass of conpounds.
17. The process according to Claim 14, wherein said
non-ionic reverse-mcelle formng surfactant is
sel ected fromthe poly-ethyl eneoxi de-dodecyl - et her
¢V aSheoprocessmotarding tb8Clairel 4pmaeesin sHic abdiiogictreverse-micelle
Claim 14, wherein said zwitterionic reverse-nicelle
r .
T o R TR M Boly ViR Soxide dpdecyether dlass of
g(g@] ?hﬂggss of Cdaim1l, wherein said reactive chem cal
RPY' sel ected from the group consi sting of
m neral acids, fluoride-containing conpounds and

18. The process according to Claim 14, wherein said zwitterionic reverse-micelle
forming surfactant is selected from the alpha-phosphatidyl-choline class of

compounds.

19. The process of Claim 1, wherein said reactive chemical agent is selected
from the group consisting of mineral acids, fluoride-containing compounds and
acids, organic acids, oxygen-containing compounds, amines, alkanolamines,

peroxides, chelates, ammonia, and combinations thereof.

20. The process according to Claim 19, wherein said mineral acids are selected

from the group consisting of HCI, HoSO4, H3PO4, HNO3, HSO4', HoPOy, HPO,?,
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aci ds, organic acids, oxygen-containing conpounds,

am nes, al kanol am nes, peroxides, chel ates, anmoni a,
wa@nrahsosreB? nat i ons thereof. 20. The process accPCTURY0H/005587
Caim19, wherein said mneral acids are sel ected
fromthe group consisting of HCl, H2SO4, H3PO4, HNG3,

e N T

' i i.pn products, their salts, and
%gﬁgﬁﬁgPﬁgﬂ%H%hgreof. 21. The process according to
Claim 19, wherein said fluoride-containing conpounds
and acids are selected fromthe group consisting of
F2, HF, dilute HF, UdHF, |and conbinations thereof.
2%. ThrerpeesseaccaidingriaiGlginn d Sowhienein saidifieoridarcaniaining
organic acids are selected fromthe group consisting

compolihds and acidisareEeteqibd tfiena thel grouphamsisting efdie HF, dilute
or their salts, their substituted derivatives, and

QEMDIgRE iiScdriising8bns theredfle process according to
d aim 19, wherein sai d oxygen-containing conpounds

are selected fromthe group consisting of 02, ozone,
functional or reactive equivalents, and conbi nations

eceof . 24. The process _accgarding .to aimi19, .
Sor BRrPro5 s ArsoriBRdRIe 4, hetkin sl QidAnic agids arp selected
&r ocess accor di _ng to Caim19, wherein said anmine js
oy bryararp sensispeg of pelienie eskls, abesphata@cids, ohgskhate esters or
wherein said chelate is a nenber of the group
theirssaitsi trepindubstitutad eldirivatess, 2nd qoenbiaatoh otheseof.
phenant hrol i nes; 1,10 phenanthroline; EDTA, sodium

EDTA, oxalic acid, or conbinations thereof. 48 WD
2005/ 081289 PCT/ US2005/ 005587 27. The process

gigélc g@%ied&gcégs S Brlint%o CYBRH AN wHRFEnRESP Bk fsh-85ftaining
compounds are selected from the group consisting of Oz, ozone, functional or

reactive equivalents, and combinations thereof.

24. The process according to Claim 19, wherein said alkanolamine is an

ethanolamine.
25. The process according to Claim 19, wherein said amine is hydroxylamine.
26. The process according to Claim 19, wherein said chelate is a member of the

group consisting of pentanediones; 2,4 pentanediones; phenanthrolines; 1,10

phenanthroline; EDTA, sodium EDTA, oxalic acid, or combinations thereof.
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fromthe group consisting of organic peroxides, alkyl
peroxi des, t-butyl peroxides, hydrogen peroxide,
wansst2ss ed derivatives, and conbi nati ons t herPeDiUS2088005587
The process in accordance with Caim1l, wherein said
reactive cleaning fluid conpri ses up to about 30% by

vol U SlocksagkEy, ,ﬁgeﬁger%ﬁ Cfg; é’eﬂ%lﬁ Ip%?o%d@@ grér B&lected

process 1 n accor nce Wt 8, Wwherein sal

FERF e Gt s Ring dr e o R RARs HIRY pefakisR-boutyl peroxides,

or. conbi natj ons thereo 30. The process in
Qog@%é‘rﬁ%owdﬁhs@glt%eﬁsderwy% ArghgAmPERUBNS drereo.
cleaning fluid conprises about 3 to 5% nodifiers by
vol unme i ncl udi ng PFPE car boxyl ate, al kanol am nes,
hydr oxyl am ne, H2O, or conbinations thereof. 31. The
RBoCHspiatess rpackurdanyé With@lairm12 §hevdiarsaiid redtire cleaning fluid
reactive cleaning fluid further conprises a corrosion
bBHp*Pllsb%pfté\éHbg:t QO%PBY SBlUnRé bPdedﬂvé *asa%émg @ndidrfbdifiers.
about 0.1 %to 1 % inclusive vol une . The
process in accordance with C al m 31, wherein said
corrosion inhibitor is selected fromthe group of

t | t t.echo
?Qtn %%ﬁgsg?%@cwqag%%réll ha 2 8 ®Wwherein said reactive cleaning

-2-(3, 4-di - hydroxy-phenyl) -3, 4-di - _hydr o- 2H 1-
B@ndzt@mwmessatsmitﬁq 5)% medifiers byveluneincluding 8§ PEadid
conbi nations thereof. 49 WO 2005/ 081289
PR spISREe DACTY $H8) or 8dmbihatignsabiessofaccording to Caim
28, wherein said reactive cleaning fluid further
conpri ses about 5% nodifiers by volune including PFPE
car boxyl ates, am nes, al kyl am nes, hydr oxyI am ne,

ggnf_%r ir@&égsqﬁ’acﬁﬁ%%lagl\ﬁiih éﬁm 58 rWﬁé}@ éggtﬁ) %Ieaning

DFOCGSS 0] erer’n tl

5. mnutes i ive The process, o

It franAliout i e osaR S BEY 9'@%9[%@ PRR campoxyate,
process of Claiml1, wherein said residue is selected
aH@np{aﬁ@lngsdwﬁroxylamme H»0, or combinations thereof.

31. The process in accordance with Claim 28, wherein said reactive cleaning
fluid further comprises a corrosion inhibitor having a concentration in the range

from about 0.1% to 1% inclusive by volume.

32. The process in accordance with Claim 31, wherein said corrosion inhibitor is
selected from the group of benzotriazoles; 1,2,3-benzotriazole; catechols;
catechol; 1,2-di-hydroxy-benzene; 2-(3,4-di-hydroxy-phenyl)-3,4-di-hydro-2H-1-

benzopyran-3,5,7-triol, substituted derivatives, and combinations thereof.
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consi sting of organic residues, netal residues, etch
resi dues, non-netal residues, polyneric residues, and

wa@ eobiosez8? ons t hereof. 37. The process of O ai PC/US2005/005587
wherein said residue is a transition netal. 38. The
process of Claim1l, wherein said residue is selected

ShoThBrénansPRe 1 gMnp 28 Mheflin o5 rapttivdBfeaning fuid
{uiper sepuset Shpua egpouners By velirie [Eludg BFRE saraviates
850 to 3000 psi, and a fluid density above the
@minesanlkylamines, ydroxdaaingianzatiazeles, cgtechols, and

combinations thereof.

34. The process of Claim 1, wherein time {; is about 15 minutes inclusive.
35. The process of Claim 1, wherein time t; is less than about 5 minutes.
36. The process of Claim 1, wherein said residue is selected from the group
consisting of organic residues, metal residues, etch residues, non-metal
residues, polymeric residues, and combinations thereof.

37. The process of Claim 1, wherein said residue is a transition metal.

38. The process of Claim 1, wherein said residue is selected from the group

consisting:of Cu, Al, Fe, Ta, and combinations thereof.
39. The process of Claim 1, wherein said reactive cleaning fluid has a

temperature of about 20 °C to 25 °C, a pressure of about 850 to 3000 psi, and a

fluid density above the critical density of the densified fluid.
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