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FOR REMOVI NG RESI DUES FROM SEM CONDUCTCOR SUBSTRATES
WO2P05/088488 of the Invention [0001] The present PCAVER0G56005587
generally relates to a process and apparatus for
cl eaning substrates. Mre particularly, the present
invention relates to processes for renoving residues
i ncluding etch, netal, and non-netal residues from
sem conduct or substrates. The instant invention finds

appl i PROCESSAND'APPARATUSFORREMOVINGRESIBUES FROM
silicon wafer prodmpiCONDUSETEORCSOBBYRATER02] The

sem conductor industry faces cﬁfﬁc?enges to produce
devices wth increasingly smaller features to increase
el ectrical conponent density per wunit area on a wafer
qu)jl:;é]deﬁrm@qﬁvgﬁﬁbﬁtl ng speed of the sem conductor.

l'ectrical conponents of sem conductor devices are now
approachi ng sizes and/or dinmensions such that surface
tensi on generated by conventional aqueous and
sem - aqueous cl eaning sol utions during manufacturing
RP0dhnage The present &msinfionalenesally relates to @aprocess and apparatus
conponents and/or features. Utimtely the surface

tfeNLledhinyg esdlsstrates.t hksrel panicdﬁarlsyn thBepr®Int inRéRtion relates to
surface features and patterns exceed the critical

KT .
iRbeses r@ﬂ*ad;\ie@-ﬁﬁeﬁé%%ﬂﬁe‘%ﬁdlaé?é% hoffptd]; bl hon-metal residues
unsw tabl e wor st obsol ete for next- generation .

esﬁmﬁ@néwoa substraigsof The nstank ipuentig gn@s; application in many
sem conductors. New cleaning fluids and approaches or
processasssudheas acminesreial $ilivéh AGHer Hrotidtton.
PCT/ US2005/ 005587 t he fundanental surface tension
limtation that remain reactive toward tenaci ous
surface resi dues are needed. The term "tenaci ous

\Kzf ﬁs cri bes the typically high nolecul ar
Bﬂf’ grau ﬂ t erogenous resi dues conpri sing

[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 agueous

and semi-aqueous cleaning soiutions during manufacturing may damage the

extremely delicate electrical components and/or features. Uitimately 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
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conbi nations of netallic and/or non-netallic residues
introduced to a substrate surface during wafer
w0RSA8EI8Ag (e.g., plasma etching) and which b@&CTMAS2005/005587
partially or fully polynerized or bound to a pol yner
matrix or are otherwi se physically trapped or confined

it hi u residye. . ] ubst r.at es i.n .
the, Rirbiengttef shRSEEhei Bteton Sndt HhiR B8ntvR Inurary tenacious
mul tilayered conposites copprising silicon and other
sHrface residuasc@renipeasieddepdig (e mignragious residupsnslescribes the
Duri ng waf er processing and production, various and
dypieatlyc highbi malécuisr olveight h aadd/ etersgerouse sieditesarcomprising
routinely sputtered and deposited onto a surface in,

SE o B FXIBVS g RS AR GO0 1 8 substt
SO AR Polr keS8 SRkl S dh ccome

resi dues including carbon (C), nitrogen (N)y, oxygen
(P@rtiallyhos dfally yolyriRerizedi drupou(r®) jo aa poymes njatrixCbr, are otherwise
Si,) nmay be deposited on a surface on various

i
@?\ EﬁéWﬁagEbH‘ﬁr%ﬂﬁnéa within ¥ bafd rdsiddre form of
a at es,

tic crunbs, mounds, striations, filnms, and

| ar lgyers., Presence of .such residues follow ng.
SBBEEL S g THE ' BubsiriESa i asByCHilcldt B SRl FoRESSng are
commer ci al production requires residues to be renoved )
fooonentianallyf enultijayete cwmpesitesd comprising ngilicen ngnd other thinly
near-critical and supercritical fluids can address the
ayetaaeadlor sdegcsitedt aigenuls | orfilngd.i onDasiagcwaterdpmicelsing and
aqueous and sem aqueous fluids wi thout risking

| . . i .
P varils ApraiamiE iRt 6t Sicn dha/BRhfal residues are
- ti , [ 2, 2005/ 081289
Poingin souNtRL AT RePasted Py 3 SHRRGRIN. PN REARWH {he macro and

nmodi fy and renove tenaci ous netal and non- netal )
meisial lsbictienesr at quattiuns rigcated ethepearcesEon@xanuwlesimetal residues
Accordingly, there remains a need to show an effective

?H&&&i’i’?ﬁf Eég%éreg(g%j,”&uﬁﬁﬁ\ﬂﬁi QUS ArRPiidresFd) 8fMother transition metal

sem coffduc strates and/or surfaces
residues, as well as non-metal residues including carbon (C), nitrogen (N),

oxygen (Q), 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




il
that addresses critical surface tension |limtations. W
present a "reactive" systemwherein 1) renoval of
WOSMsAI8HI88 resi dues is effected; 2) surface teRETAS2005/005587
approaches zero as conpared to aqueous and sem - aqueous
f|UId systens known in the art; ri sk of damage to,

o BhIELY cachiarBRREaf) mddiy ’rﬁﬁ@ f?ﬁﬁ“ﬁsfe&‘?équm%af and non-

phase is maintained; and 5) speed of cleaning is
énetahmdueﬁweerper&%dunmmferdﬁosmng epresents a new
advancenent relative to wafer and sem conductor surface

H0005pSi ng-AcBdirGY, BrerB-HentdivElTHéRd (A8RGN dih effechaesystem for

invention relates to a "reactive" system and process

58@09 Jgf‘féﬁé@ou?%}éﬂuegffrbﬁnﬁéh%dh‘éﬁirdgﬁﬁ @Hgd?r?d}or surfaces

and surfaces sSuch as a senlcon

silico surface. Residues may inc) ude, are
ithal @éQrQS@est Ratieal osyyfage é%%%ﬂ clir f%s%msent a “reactive”

resi dues, etch residues, non- netal residuyes, polyneric

rsystetu evheraind1 ):nefabmaitafdnaacibas eesidudsés effeoted; 2) surface tension
‘'reactive" in reference to the systens of the present

\ﬂ@‘féﬁ&l’@% Wgﬁfrdsb%%mﬁ(;a;i@&‘ tﬁab%@etfl&e%ﬁﬁsséhl %‘é‘qﬁ%b@r\‘ﬁud systems

el n conpl nati ons chem reactive agen

stlt nts, nthe densf|edf dan
Kpobinsa 1he it ) PRt defadait oo Atruniiral coilpBsf o) 1Rbigets substrate
resi dues thereby effecting renoval fromthe substrate
deatsres iscminimized; 4hpolafityeint thegcordiniuous phasevisl mainjained; and 5)
include, but are not limted to, the group of

BHCH cle@Ningals @ﬁhaﬁ@-ﬁyCtﬂh@npregéhteﬁwleﬁtlowethgbtrepﬁbs\éﬁts a new
05/ 081289 PCTI US2005/ 005587 " reduction, fragmen

ééﬁéhégi‘teﬂiﬁ%ﬁ‘%@ oA Eretrndur e Brocessv

within the inner polar cores of the reactive reverse
m cell es or aggregates), and conbi nations thereof.
[0007] The reactive systens of the present invention
are di stingui shed SUMMARY©OF THEBINVENTION d cl eani ng
systens known in the art in at least the follow ng key
areas. First, the present invention enbodies reactive
appr oaches

[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




for effecting residue renoval and/or cleaning that are

vi abl e and applicable to comercial wafer and/or
WOSAISBAct or processing. Test results show, PEAUS2005/005587

exanpl e, that residue renoval is effected to industry

accepted contam nation standards or better. One such

f [ .G . .
TEGHEG Pl ERBTEk o, BAEFATRS R, Bls3Bbfion, complexation
exanpl e, a, nmonol ayer of pure silicon a wafer .
Jinolugtieg rd&e%émpafe@&hpas YOt fheingeE g botarepresof the reactive
appr oxi rmtely 2 X 1075 atons per square centineter
(revegrse miceifes onggrefates s pat combinatidies theesefnt
i nventi on have been shown to renove residues to a | evel

toiézg‘“ 4 ?hel(?%écl?\ﬁé)%?éfé?ﬁs & . tH?tﬁr%enf‘WéﬁgPhhSr‘H distinguished

tely viab comrerci al 'use. Sec

ste of , th se i nvention of fer enha
e ooher densgie] SO ciedied syilhsts SHouE TomAs cartobcat Teast the
For exanple, residue renoval occurs in a maxi num
dellowingukeyt arees. nFinst; dlse presEnt dhvemtioncermbodies neastivi@pproaches
removal occur in 5 mnutes or |ess on average. Periods

Gbr bﬁ' c ?‘Qﬁéuérr%nw\%‘f%'/d n%lﬁglﬁ‘gg {hat %@'é)vlaﬁlédand applicable to

si gni Frea 2 the systens e he present
i nventi on ex | surf ace SI Onh Sstr.esse on s
wranerd, Wegd' andffrs ssmwdfwr:ﬁrna&ogﬁﬁs‘ugef T4 e show, for

conmer ci al proceSS| ng apBI ications into the next o
wxasplei hatofesidia remoyal i efiacted @wm%@wnaccqma@sqontammatlon

The process of the present invention generally

cstamdarde orhettepr Onelsnch aeatauseé forasbrimerclavprecessinghis the atomlc
f|UId is a gas at standard tenperature and 4 WO

ﬁél?@&??@pﬁga fé?%ggﬁugggeﬁ%n[:ﬂg R@;ﬂ?ﬁ@gkéﬁgﬁ%?yer of pure
fﬁﬂhefé{r‘lmlg)@ld@g wieF (RIACE: SaY s & aimﬂettaﬁ X5 Ganiisg; @ coverage of

conmponent whereby a reactive cleaning fluid is forned
cappokisiately 2 edct0' eatomse pee square cestimetarefcy., vadoms/cm ), The
aggregates; and 4) contacting a residue on a substrate

%MQ f !WPFééé%t %\%?ﬁ:bﬂ%é\ﬂe%ébrf §iovin té Fmble w@aaaéy to a level

resi due chemcally nodified and renoved from

ohfea oBtS 4 ‘3& 101Th§to?rks%\]ﬁn & %%%Pnﬁ{gkmg 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




]
conprises at | east one reverse mcelle-form ng
surfactant and/or co-surfactant and/or at |east one
wWO0e80Y081289cheni cal agent, and conbi nati ons t herraIius2065205587
reacti ve chem cal agent may be added i ndependently of
the surfactant/co- surfactant or may be integral to the

BE4 1l 500 B9 B Y B e e

m, cel | es, reactiye chenical agents, etc.) chemcally
R royiding @ CleanieEoMmpanes) £ Liseiming e tepsinerciluid and the

substrate surface. An add| tional, but optional, step

icter ninige scornpemery Wheretiysanwbdwef eleaning fluii g feirned comprising
fluid to aide in the recovery or renoval of spent

regey J’Q‘?ngt*ld%o%f%%’?&%%“w%ﬁgrﬁ%@éa'*s“ 4LBnielfifly a residue on
f
& Brsicatd gttt e ieNE siRaaing fuifor a e mihoseby g gesidue is

(STP) conditions and which (as fluids) are maintained
shemicallysinogifieg) asd semovae framithé sabsttatesi The (cleaning romponent
pC) for the specified fluid material. STP is

eBhYRIseal 4/ [cadeneevafsa rﬁn@@ﬂlﬁfe’l‘w ch'fa@ aﬁt ad(}ﬂi/@r co-surfactant

pressure of 1 atm [-1 01 bar ] Den3|

SR 44, ot ;@%ﬁeﬁ?%ﬂ%ﬁeaﬂﬁz&gﬁmnm

pressure regi nes above the critical densit fy
seactivee ghertivalaaget neay ey addedpindependently )ofathe surfactant/co-
function of reduced density (Pr) whereby the

sarfactapt oy b@ﬁue%rél tetheesafaotantitselfi sot herns are
speci fied. 5 WD 2005/081289 PC /US2005/ 005587 The

Jenelgfd te bﬂgtr?ewg%ﬁ“ﬁ%dre%fﬁ@%:&emt&ﬁg éﬁﬂ%ﬁsdco(ggponents in

yare urt i ned res ec 've rat

r=T/Tc, Pr= P/ c where Tc, ,
K Fualem everes BislesneatiiB eloTicat Agantspieus b shemically modity
critical density, respectively. The process of the
presesidues berdbyrepnaving dheiy fapml thessdbsirade sunfacendn additional,
reduced densities in. the range fromabout 1 to 3. Mire

ggﬁfglp?el’;\lgéél}’;stnéplt uﬁg@gﬁgrer%#@;meg%qgg?@@%umcg Q& Finsing fluid to aide
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 > p¢) 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 (p;)

whereby the corresponding reduced temperature (T,) isotherms are specified.
5
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[0011] The densified fluid of the present invent|ion
preferably conprises CO2 given the | ow surface jtension
WOR085/(89388s/ cm at 20 C, "Encycl opedi e Des Gaz'PCT/US2005/005587
El sevier Scientific Publishing, 1976, pg. 361) and
ultimately useful critical conditions (where Tg= 31 C

Tog Rl G5 o T SRRk i e
RGBT hsPeted i B 8. B . P,

defined by the term (1Nc x Mol. W.) where Vc is the
©ei debine Ve ussticalt tempetpdskes chiical mpyessurd, pandbntiitidal density,
use as densified fluids include, but are not limted

PR 1 S Prosp e, piESel InReRRn preferdBly applies fuids
Cincl uding.substd tut ivat i h f .

Vi recies ARt Ptobitails Wi B 3o b 18 rretsughly, fuids

flamuabili t% and toxicity issues present safety

a6 8B1aYed hpuingsedused densities n tenramgeiframiabeut 1 to@.

but ane, for exanple, is 1.86%by volune in air (CRC

ifa0titpok, 7IHe desisified 180, ofpihe Preskhl invdrilionspreferably comprises
poi sonous. [0012] As noted hereinabove, fluid surface

g,fwzzggiggnaﬂmow QBHASe ft‘ensﬁ&)ﬁgil .fZI[ gfﬁ%sr{gr‘h\r,‘\gfgg'°0§aﬁ1§§%|gpedie Des

features on sem conaduC

G Rieviaroscinbie Bpfoings 1088 e 6 dnd dliwealely Gpeft crtca

sem aqueous fluids will eventually exceed the feature
conditions (shees I.ad4 °C Pe=pif.atatwrf (ost1,0Z1 psd, CRC tandbook, 71
col lapsing 6 WO 2005/081289 PCTI US2005/ 005587 and/ or

daneony g e-4gRt Fbﬁ@(ﬂ}ifﬂen&iﬂc%?déﬁé’{twgaﬁg I%aéﬁpr?&m?tg;y 0.47 glcc

roducti ol to renove water. Surfacet lon o

p

i s t 73 dy m {CRC ,Hapdbo 71 d. .
{sBPefiss° of &4as AnH DRORE 35T o MBERERHHL, pa s tinere p. is
sem aqueous cleaning fluid, exhibits a surface tension
defined dwthetemn (38/dy el M) Teigre Vs is the griéisal volume. Other
Properties, . High Purity Solvent CGuide, 2ed., Burdick
gased dsdtsmay firabpotdntial ase asrdensifiédBAuidedncldid8) bul Are not limited

contrast, the surface tension of densified

fo, ethane (C:zHs), ethylene (C;H4), propane (CsHs), butane (C4Hyo),
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, 71% 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 fiuids will eventually

exceed the feature critical stress o¢, the point of structure failure, collapsing
6




CO2 at 20 Cis 1.2 dynes/cm ("Encycl opedi e Des Gaz",

El sevier Scientific Publishing, 1976, pg. 338), a
w02005481282 from 25 to 60 bel ow the surface ten®CEUSZENS/005587

a conpar abl e sem - aqueous or aqueous fl uid,

respectively. And, while surface tension for water is

AR Bolr bl sl B ﬂﬂ@?@n%% 'éj{t@'d‘ﬁ@tlé’rﬁ to remove

el evated critical tenperat ureof or wat e 37
erterandBaeR tensioned watenat20 Hg is ebagl; 73 ﬂryugs/cm (CRC Handbook,
sem - aqueous and aqueous fluids continue to be

[ri&bednat 890cIpepné®). f IDifghyit adstamiddeas lcbhﬂﬁercf dlusé&miaqueous

i ncl udi ng densified and Ii quefied CO2 gas and

SRR T PR f bt Wi M0 2 41 Sl 32 i 8%om (ravle o
iRl mperiensF G et SavARD WS o, EREIERLARA Jackson
approaches the critical point. [0013] The person of

dathoretosies kinicl, 1984,hey.at38)wi inl cortrastniheesurfaceratsion of densified
sel ection of tenperature and pressure profiles usable

| nvyg%mwwb Ge ot E%ﬁéﬁcnﬁgssuygloﬁéd%hBe%B%gt Elsevier Scientific

ntion. For exa s'up to

XPIEhRGr 1676: Patsd) tator LORA L0 s!ér&tﬁje?ﬁﬁ'qécifﬁnsion for

limtation is intended by the disclosure of conditions
lRecainparahlelseynisagquestisstbaquenus fiuidc easpactjvelyer And owkile surface
[0014] The tenperature of densified CO2 gas (e.g.

lté58i6H fSewatsr) lslﬁeg” BiLé o akd xupérchh@alrm Hrs%mtaﬁuéf the wafer

-80 Cto 150 Cwit pressure up to about

Sopuppecohss #ﬁﬁﬁ’%ﬁﬁ%ﬁfﬁiém@? F@iéagagﬁ%fﬁsﬂf%fdl%ﬁer

i ncluding 60 C w essure in the ran from8

14150k SRGobapYbooK TE1* 8w 00, - EPhr Eiksy semaqueous and
conditions are sel ected whereby tenperature is at or

rae@eous offgitie ngontiruer ¢o (bapprebiematiel gle@RingSfldids at eestir Bensified

is approximately 850 psi, and density in the densified

'ﬂ'uﬂﬂs' grwqq&ﬁﬁd&?ﬁﬁﬁe& Bhbi IkRefig8 505 Ya8farHEGp&ihiticAecy fluid can
thus be used to address the fundamental surface tension concern associated
with aqueous 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. Flor example, pressures up to 10,000 psi and
temperatures fully encompassing the range of Vdensified 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 COy) is

preferably in the range from about -80 °C to 150 °C with a pressure up to about
7
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[0015] Density increases may also be exploited in a
densified fluid by effecting changes to pressure
WOE9HM818 nperature in the system For exanpl e PCTHEN605(005587
in a pure liquefied CO2 fluid at 20 C and approxi mately
870 psi (60 bar) is 0.78 g/cc ["Encycl opedie Des Gaz",

2088 b inqGHEE, 5% kfeiebl). Aemibbtaturd fhay e Belgelbq o up to and

appr aoxi ely 0,94 g/cc, a,20%increase. Simlar or )
dn@H @gngbﬁ tWith o/ EsalReaim&ie irAnge ey Sﬁ%a& upgg) 3000 psi -
flui ds whereby higher densities can be exploited as a

finclasivenMuist prefesably, comditions bepeleatad whefaby terap@iture is at or
in a pure supercritical CO2 fluid at 40 C an 1300

e PG SRS RpRNIhAleY, 2025 T Brespurs & deBfhdpately 850
sipenas gerety T RS densisey Guieresnds Tl msiesf pure CO;
only exceed the critical paraneters where Tc= 31 C, Pc

feX. 004> PAT ghoe)l pc. = 0.47 g/cc. Thus, above a
tenperature of about 32 C, a pressure for an SCF system

meeqdspnl v Bengis ﬁfdrec%sédw%asbmgdmedwbﬂyd G9 C2 SR fluid by

critical density of Teriperatures  for SCF systens

e ind “Bafiols So ABSRBAAY BB bl e ol bampe

critical density. Because the ﬁ)ol arity of a densified,
slensitpén arpurediguefiedi @Op fiuidat 20 ndeaprreximalely 870 si (60 bar)
tenaci ous residues of interest froma substrate

3128 églcca{i‘ﬁricyolbpbdi@die%i Gat'l, &isevior Soreriifici Puttlishind)e1976, Pg.
made, as described hereinafter. 8 11 W) 2005/ 081289

U [ ar f . .
R PR B3 00 0] Uorly Ak Pl S SR matey 0.94
reverse-mcelle form surfactanfs and co-surfactants ..
e AIPAT atpase,oSmHlAr Pbardater eiectaian be alains | supercritial
cationic, non-ionic, zwitterionic, and conbinations
(86 dhiids Rhesaly highes ensitieantan be ekploitedyas anfunictien af pressure
perfluoro- poly-ether (PFPE) backbone or equival ent
fAndpsoeaifeansentFirbmplal In §uds sbiBercritical CO, fluid at 40 °C and
1300 psi, density is approximately 0.48 g/cc. At 2900 psi, density in the SC fluid
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 pe. = 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.




N |
be soluble in the densified fluid nmedium Anionic
reverse mcelle formng surfactants include, but are
WEA300308#38¢ed to, various classes of fluorinat e®CT/US2005/005587
hydr ocar bons, and fluorinated and non-fl uori nated
surfactants, including PFPE surfactants, PFPE
yl at i i P fmﬁm_%] . carb
%E hosp%éd@tgg?ﬁ]%gpé%gséha rﬂ@,‘] Ieugf%%lgatrbgg)r?e}eded from
ar boxyl at es, PFPE fluorocarbon carboxyl ateg, PFPE .
i St Arevprea- il TBRPIBCHRAGeNts 20| saR agiants including, but
fl uorocarbon sul fonates, fluorocarbon phosphates, alkyl
sot f bmiteds ,to, sC@aphili,s -griderichytatiomig;l )non-ionic, zwitterionic, and
sul f osucci nat es, anmoni um bi s- ( 2- et hyl - hexyl)

suhibhsatiRisN Bier8of, AP sePlip] Bafhenntd hesfe ny%{)ﬂJ?ﬂéﬁg perfluoro-

reverse mcelle formng “surfactants 1 ncl ude

BB SREEET Robib o SRR TRGiacE s Ao ify T4 so as to
urfactants include, but are not limted to, the

§9| solublg, e e densifiad dluid) mediem. clAnienicf rewsippumitslle forming

their substituted derivatives, and functional

eqdastahentincluder emit. arsv hoterintitdicc toeueiridas @asekbeof fluorinated
form ng surfactants include, but are not limted to,

< TN \VARE L f d .
hiGrRafliis, FHEE BUBHASEY. Gikf oo uRieferh sy BRI, Mouding PrPE
equi val ent reof . -surfactants_include, but are
ﬁ@#éf}/fﬁﬂf% eE’FﬁJg w&oxﬁﬁmp (@pﬁ&lw PEREd aswaophur esarboxylates),
al kyl acid sul fonates, al cohols of general fornula ROH
A&l pRosphatey agldey | PIOPE splhasphate s dfledroghrbgno eprifexytates, PFPE
al kyl al cohol s, perfluoroal kyl al cohol s), dialkyl

fubroRBHSEH NeAoylat@s!t PHPE %Pffbgtﬁabvef 1iEfAhd SPEPE! ammonium

functional equivalents there surtactants are

SR RBEL Y BAASREE BRI oo SRR 8 suronts,
bi s- (2-ethyl - hexy‘gx sul f osucci nates (e.g., sodium

aEstiym o hier2-ethiinexyR - esuifasupeingies, s LMomNdWNnabiss(2-ethyl-hexyl)
(e.g., amonium AOT), and their functional equivalents

suifdsueciridtes, and fahbinationsdherecto- Sutibait fdVctsd Thicelle forming
m scible in the bulk densified fluid or solvent (e.g.,

502 48RPl bitBre Mot finfifed to the tetra-octyl-ammonium fluoride class
of compounds. 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-
pho§phatidyl-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




|
rendered sol ubl e and/ or capable of form ng reverse
m celles and thus be suitable for use in the densified
WO20058p388vi ded at | east one niscible (e.g., CPZIAFE2DGSWPSSE7
reverse-mcelle-formng surfactant or co-surfactant is
used in the surfactant conbination. As such, the

?F‘é@ﬁd?e%ﬁ‘&?% o Kot 'fbé%i%'%ﬁ!fi‘r&*x@”l é%'ﬁ%@cg_&ﬁ@? fe*-b:-f sodium
AGER SamimeiTe HiTrmiy DR SIPRUCRGIaR0 (66 BEERRM AOT),

can be used in conjunction with the present invention.

ahdgheirduhctional tdquivalents o¢ dpe like. Surfactieds landidreco-surfactants not
di scl osure of the preferred enbodi nents. [0017]

RAdEble/ th HEBufCHeRSIfed Sulf of E&v@ﬁteﬁeg@nlt, do‘i‘ﬂé@%%%l‘[ﬂic\khrg%y also be

conprise the group of reagents or ers

added to the densified fl uj rovide chem cal ,
PeTsreb a0t aatls Bt By s miceieiuant s be suitable
"“reactive" as used herein describes and defines or
demuseiisetheetiensified fluid providedyableasbdirfe eniscible (e.g., COs-phitic)
chem cal agents in the bulk densified fluid and/or

réve8aniteflelfbahing a06a68At &F coBuFBeintalks! is88%in| the surfactant
react with tenaci ous residues such that residues are

GRS B 64 B SR 0B 8 W) Bz o

nd/ or conponents thereof, and/or may be separate
ekl seeper oleswiaciartand cetrariagiantralagsesaisavisle whereby many
reverse mcelle(s)/aggregate(s). Reactive chem cal

affeotive embuodiirfents of esverse afiesikbformimge bedaetdinty and Icossurfactants
group of mneral acids, fluoride-containing conpounds

%ﬁ/ r%%;}?é&i ir?rd&)ﬂgjrrﬁ:tiﬁ |\ t@g‘ @?ﬁen?kﬂ%ﬂ%ﬁmﬁ’ nonlgi’mitation in

am ne, peroxides an er oxygen-cont al ni

conpound hel ates,,. a ni a,,and conbinations 10 it
SE7B0 51 Bandelb bReS S RBY 0 LB DrerT b PGB AR nci ds
are preferably selected fromthe group of hydrochloric
(ee171 sul iReactiverchendival agendp hbthecpresertnyention comprise the

(HNO3), their respective acid dissociation products

GPouh of Feagedn®ddr mddidts thatiieh 8ddé&d fo IheBEnsinbd AuicSvide

chemical reactivity to the reactive cleaning fluid. The term “reactive” as used
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 br-,:
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
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_ |
conbi nations thereof. Preferred fluoride-containing
conpounds and acids include, but are not limted to,
WO20058#288f | uoric acid (HF), various dilution RETAE2005/005587
thereof up to and including ultra-dilute hydrofluoric

acid (UdHF: 1:1000 dilution of 49 vol% HF in water).

' 803 d .
R0t CMATRAP kit A1EDrdsTaillseRtec B6irithe' o TR yRRSeioric
I d d I
4060k SO (KeS G nphosmorid Lhvotanshatia i O, dhel respective
thereof. Preferred al kanol am nes and ot her am nes

iacid digsocibtion preduns (&.giHeHS OS], RPGNYIHPOLR efc.) and salts, and
(HOCH2CH2NH2) and hydr oxyl am ne ( HO NH2), der| vatives,

%B%th’élﬁrisotﬂ@}'e&q J\é?ér?éﬁ fudrifd-Eaitairli @ g H_Egingd{mds

but are not organi ¢ pero

%\i‘@ AN 1&%gpo%m)géqf@;gn&@v%@%5§’ vag@ﬂ&dlluwa,uamds

der| vatives, and conbinations thereof.
thereaf up tg apdripcluding ultrardilits hydroflapkic aotd quamrf:emooa dilution of
oxygen (02) and ozone (03), and functional or reactive

QoI 4Rt wa(t‘égl WDRMENId AGHS fluddtheriifomid abidgi(REJ0OLI9) and
pent andi ones; 1,1,1,5,5, 5-hexa-fl uoro-2, 4- pentandlone

5-
i gt B D00 ERB i s o
(C12HON2), oxalic ac ) )
@ﬁpﬁg@@eﬁ%ew sglt%@@@m QquvﬁjNes, and functional equivalents

et hyl ene-di -am ne-tetra-acetic-acid (EDTA),

teerevht Praeferredratksmilémines and othed aminédisiudd, but are not limited
t hereof. [0018] Corrosion inhibitors may be added as

?r&fc‘éﬁc’ﬂﬁﬁﬁﬁe (ol %(;H No) )efhd @ﬂfofcﬂﬁﬁﬁﬁé’ @FI] IQPI”) "ferivatives,

S an reS ventl
d hi bi t fb
@aﬁfwn%ﬂw'gﬁﬂafé?erﬁﬁ'tmrﬁ@fsﬁ%mﬂ e nphRy UESE Polliited to,

but are not limted to, benzotriazoles including 1,2,3
otganic pecsrided RRIOBER" NWSBW(R-B}&@&Q-H )az-dnluejl pemlde
catechol s including catechol, 1,2-Di -hydroxy-benzene

CRChR), F@fogen eromde substituted derivatives, and
g(lPl(/gC‘}@D hydrg%! g?1en§ ?1ydro- 2H1-b (ra“r@ép%/srgn-

Eo it RnbR@Ne e é&ns.hl&gueo%ﬂpgﬁﬁamcm%% ufBFL not fimited

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-flugro-acetyl-acetonate or 2,4 pentanedione},
phenanthrolines; 1,10-phenanthroline (C12HsN3), oxalic acid [([COOH)z], 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 Iéyers comprising copper or other metals.

Inhibitors include, but are not limited to, benzotriazoles including 1,2,3-
' 11
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[0019] Interm xing of the densified fluid, the at |east
one reverse mcelle- formng surfactant and/or |

WORIENS18Et ant, and/ or the reactive chemnical a@€m{US2005/005587
generates the reactive cleaning fluid. In one of nany
possible fluid configurations, interm xing of the

Berzobiée Sanmcétb@hblstlnduﬂmteétﬁﬂﬁ RVBi-hydeRyHenzene

m cel | e(s) or "reactive" aggregates whereln reactive

C r
(PSSR 213 UEPy Ay aRR oDV B BaH PRy o
reside in the bul k densified fluid or be distributed
3.8t tRol (catt%@lbhﬁlébﬁtltumﬁs geldvatives, and enuivelernds erephe of
the reverse mcelles is defined by the nolar water-to-

[0649] act arlhteratixing of the ddnd¥ild fiSd| e bifddst oReereverse micelle-
functional "reactive" reverse mcelles or aggregates

fo?ﬁmg @U il ﬁgsar(dlél‘ 'cgtog.br?%téﬁt PAsd/6F 3R yréeﬂzt&g ch&ital agent

nél ust ve.
gegrﬁﬁé%%” dndoreacti® eaming, Bhid. oy ae & ?n‘lé“avfbé'g?l%se fluid

can vary depending on nol ecul ar weight or size of the
cosfigteatioan; inteymixioged the somgidnentssindhbdiuid fermiscabactive” reverse
constituents or nodifiers enployed in the system Thus,

mlaélle('sb B} ¥reischve" @gg?rég f ers'r\gla&?;/ rgfééargtﬂgwg%gv?onst%%ga]resme

di scl osure of the pr

wiltif o4 ddiar ﬁ@?@%&%@%m@'@ma Y o fer R AT B el dngaifirs may

the density ((gn n the fluid exceeds the critical
re%fsﬁsmttize(mék sified fuid lort b distribised hothtin dbeibugk fluid and the

formation of a densified reactive cleaning fluid. The

mietllactoreenSize off theerevierigl migslienis defied byetiedd wesiat water-to-
det er m ned by the reaction betvveen and reactivity of,

suﬁﬁﬁta{n‘f aféﬂd’ g, @-ﬁ@{[%fﬂiéﬂaﬁ ﬁé‘dﬁﬂ{q@ﬁ%ﬁt "ré%:tlve reverse

grega es an rat
005/ 081289 / S200 /O 587 r.esi i Nt erest.
m'@ﬁ L el 5@\/@ a .@a'b@qtaéﬁ@ae ekl fia dbe gnge from

di rect chem cal reacti on between the residues of
abiout &ledt tad®O0hA nshusivee The person of ordinary skill in the art will

recognize that sizing and/or dimensions of the reactive reverse 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 subsequenily raised to
selected temperatures and preésures 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) andfor reactive aggregates and the targeted substrate
12




|
reverse mcelle(s) or reactive aggregate(s) in the
densified fluid. [0021] R nsing fluids may be enpl oyed
WOR005M8838Py to assist in the recovery or renoPgT/uskousieesss?
spent reactive cleaning fluid containing chemcally
nodi fied residues. Rinsing fluids preferably conprise

'i'é’:ﬁdﬁ% SFARMLEL, e?%ﬂt‘ W |‘e?nr96ai o?%sidﬂgrsﬁig?:?@@%\f/éc?%y effecting a

or ‘supercr st at
flw d cont.ai hing oth sci bl e organi c sol vents
giest Cf\r-}me@' ra%%tm%@&w \/tg]ﬁt Eesiduen Pt tiereshtang thsreactive
up to about 30%by volume in the bulk densified fluid

rexcdraelimigelle(s) or nedctiveraggeegate(s) ah trehdensifiéd faiter al
formula ROH where R is any al kyl or substituted al kyl

1002015, R0 B i O B8 o
B0 1 b o 5 s g Gl o

vvhere Ris any al kyl or substltut ed al kyl group having
sevduen rRinging=fluids prefecablycganpriserthe pure Henséiegl fluid (e.g., CO; in
formc acid [HCOOH], etc.); tetrahydrofurans (THF),

ahdendified sigurnef gupéﬂcﬁﬂéama@q d?yért@ﬁﬁnbe@s al Mgk Whntdining other
but not limted, to chlorof orm and [ ene

b b sBGgfe. e oy ”Fhﬁ%agbc#aﬁgéms naving

conprising 5%i Pr()—| i n tohe buI k densified C02 f
gpneenfrationa yp ta ahawi30 /e@YO@Umleullndthga‘?ldk&%ﬂﬂd ﬂ\UId INCIUdlng,

H2O. O her soluble and/or m scible polar conpounds in

but wet | levitéd 2oaalookply ©E Gjepgral Hoamulss ROH(WheRhYRs .is any alkyl or
Chem, 58, 1099-1114, 1954) are hereby incorporated.

EQ@%@LE&?‘ Eﬁ@n@‘&ﬂtgﬁ%y@p & cafsir hMﬁ1b%'r ‘ﬁ"fhé‘gaﬁgétfﬂ??\ 0fo 12, iso-

processi ng

B B ST, T oo

structures retai ni ng di nensi onal and/or site
mpmseutﬂwechuttﬂmé gxalusbiencampewnds; earboxylis asdls of general formula
2005/ 081289 PCT/ US2005/ 005587, structures of a

RIETOANhEre R@é %h y iyl a¢ gugﬂitljf&i ﬂk@@éﬁ')%wr@ a carbon number
retaining a suf fidient polarity in the cleaning f

rP the %Haél t*r(5|¥1 7 R"91 a(@fjg.,b?ér\qﬁg rbcﬁJ]THCOOH], etc.); tetrahydrofurans

(THF), chlorinated and/or fluorinated hydrocarbons inciuding, but not limited, to
chloroform, and methylene chloride; and other polar liquids including, but not
fimited 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




f
various chem cal noieties, nodifiers, and constituents;
and 4) maintaining reactivity between and anong the
WOReHYBEI8Py reactive nodifiers and/or constit RETES2005/005587
the densified fluid nediumso as to effect residue
renmoval . [0023] Resi due anal ysis results using Scanning

SEEUIRE f SR ool TS AR RIS 3} retaining 2
Bifeien &é};ﬁ{‘,}e@"ﬂhgfﬁe&@@g{ Otk coniCoiS, Avad 3 Behwpen the

in their reactivity and ability to effect renmoval of
venous othemigal dueietiebatmedifiersuand ocenssifergs otanshet)i maintaining
to the sem conductor industry, including transition

P@ééiwtye%ie%één(%na ,al@n@n%eceo\,herﬁtdéﬂv ridtive ABUHAES and/or

as wel as non-netal and/or etch residues

%ee%ﬁ' enﬁsﬁbﬁb dé%ﬁﬁ?éﬂﬁeﬁ' edimga afl eflect BTy

fluids on the order of 5 mnutes or |ess can effect
{0231 of Residuricanalysissrepuitsi ¢igitg ReanRdGreRiectrant ficroscopy

art. In sum the systens of the instant invention

PSERD xamningtion andX-RalyPlistoeleictran iSprgtsdopy (X Ehghow systems
unwant ed and tenaci ous reS| dues from a sem conduct or

?JEQY@& ?\‘t' |H‘T\Iern"ﬁb arddd |s[h%923ﬂ]a ﬁﬁmhﬁm‘i‘ﬂoﬂ?bﬁfér d¥nsified fluid

|nven I on tO OM/a reacti ve reverse-

m ceI l e cI eanl tha

v SlarTs 5 @un o i AHAN pth M st FRECvBhaRa A eLo sffgot removal of
ot her netal and non-netal resi dues 2) conprises |ow
tereatious aesideshthai caintimodi fo ereve amdblﬁ)naibchtcmthe semiconductor
overall toxicity. The term"nodifiers" defines any

?@%@V ‘%Péﬁllag'\ﬂp tAinstlorCrh@aMre §HukS! (i é)% ucgd 48dtiE), other metal

resent systens to enh & react|V|ty

eUeh g Dol Badvenias Aot BRBL A eEdRRYe ¢ contaiming C.

rmdlflers additives, solvents, and fluids that in the

WarF 0% RBmiti)c aEmrzBaeras@ﬁ;dtsSshqm avgpntgoblime 1tz gith or in the reactive
PCTI US2005/ 005587 are easily recovered and that | ower

T e e o o °
il advancement in the 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 medifiers; 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,

andfor efficiency for removing tenacious residues. Preference is given to

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




greater efficiency and/ or speed of residue cleaning

than is currently known in the art; 3) cleaning |levels
WO@p05/088188ues that remain efficacious for conmPCaTEH2005/005587

waf er and/ or sem conductor processing; and 4) a

reduction in the nunber of critical dinmension (CD)

SF@@?g@r Fébcﬁr\épécz %ﬁHethE RIS ScorRitr dﬁ?ifj br%"c6§srﬁ§-ébsts.“@;§t}mization

or o ant su strate structures

‘critical S changes ref lterati n,
biactmalsoincliidreAenisnae 4f goseialbsoapiela Satvel o reSidues; 2)
structural features such as vias on the wafer
grezter efficiemcyandfercenedet ef rasidusccleaniogtban i cuentyrknown in the
that m nim ze changes to functional conponents of the

ﬁ;\% ﬁﬁéﬁr{:%@eﬁls f@rul*é%ﬁd@sethaﬁPélﬁEIrPEﬁ@BblBTb%k @BmThErCIaI wafer

A nore conp ete appreciation of
ntion wll be r adi |. i\ned ferenc
aBiRR etictbutetBE AraRessig: M. 2 i feieted B B ﬁg@"vqr B critca
mhlch l'ike nunerals in different figures represent t he
dimension (€0)rahanges tol wibsirate featurasnancth pRlAMM(e.ge Vias) or other
enbodied in many fornms and should not be construed as

pepOtant S0Bté atiutturesboTheness "atical dirhéngientichanges refers to
[0026] FIG 1 illustrates a generalized reaction schene

ka3 b Bire' FAEBROEET) B Y BBt pRoy kA Toatures

il ustrat es f r rfepre%ent tive react honfs i nvol vin
pUelt @sdas @5 gHate acpeiRee. | fre ﬁéef&%%Q'Hg" to systems
system accor di ng to the process of the present )
thate miniomize 15haMQ e A6/ OiiedaPEChnsatots 006382 waber2&urface or
FIG 2Aillustrates a first representative reaction
QF YesB reactive constituents and residues in the

eani ng systemto renove chemcally nodified
residues. [0029] FIG 2B illustrates a second
representative reaction between reactive constituents

and residues in the cleaning systemto renove
chenmical ly BRIEF DESCRIPTION OF THE DRAWINGS

[0025] A more complete appreciation of the invention will be readily
obtained by reference to the foliowing 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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nodi fied residues. [0030] FIG 2C illustrates a third

representative reacti on between reactive constituents
wartdovossisdues in the cl eani ng systemto renovePCT/US2005/005587

chemcally nodified residues. [0031] FIG 2D

illustrates a fourth representative reaction between

O P05 AA AL, 5 B 5o R By et

FI G. 3 shows an SEM mi crograph of an as-received OSG no
oenstituentnaad residops athe g sysedola EAMEYR) chemicallyonodified
processing residues including crunbs, striations, and
revidads. [ 0033] FIG 4 shows expl oded cross-sectional

views of a m xing chanber and a cl eaning vessel

@P?QLO" ng gie.! BB F?I'ilfﬁ'if‘diés ! Qvg&;dn?f‘:reér%%%ﬁ%atﬁr’eareéction between
ustrates a conplete wafér cleaning systemdesrgn

show n the conbi pati.on of m xi ng vessel, fer .
rpeiig Fensituedle and Fesidees infie GigAVEG, SYSIEM iaseareova shemically
transfer lines. [0035] FIG 6 illustrates a reactive

medified eesitdaes] e system for renoving seni conduct or

resi dues according to a first enbodi nent of the present

[003OPt | ON FIGRBT iilﬁisﬂ%tﬁcﬁﬁhﬁ@i?émééﬁt’ati@é ehctiot befddeh reactive
(e.g., AOI), and water. [0036] FIG 7 presents an SEM

QaRlfReREngeBrbes i e asith STHeli ebiSfh ENERed Thodifed
using a 16 WO 2005/081289 PCT/ US2005/ 005587 reactive

resildese nicelle systemaccording to a first enbodi nent
of the present invention. [0037] FIG 8 illustrates a

[063¢] i ve rRIG:r 2D nilosiratess s tfenk ogpresemative€FReaction between
amoni um car boxyl at e and hydr oxyl am ne for renoving

%ﬁ@%\&?ﬁ@ﬁ{t&%ntgrﬁ PSS & fPIHY @Eaﬁﬂg%;&?&ﬂ% remove chemically

he present I nventi on.
modified residues.
[0032] FIG. 3 shows an SEM micrograph of an as-received OSG no
barrier open (NBQO) wafer substrate containing over-eich processing residues
including crumbs, striations, and mounds.
[0033] FIG. 4 shows expioded cross-sectional views of a mixing chamber
and a cleaning veséel according to the present invention.
[0034] FIG. 5 illustrates a corlnplete 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




[0038] FIG 9 shows an SEM m crograph of a cleaned OSG

no barrier open (NBO test wafer showing the effective
WOaK081289f surface residues using a reactive PCENE2B05/005587

m cell e systemaccording to a second enbodi nent of the

present invention. DETAILED DESCRI PTI ON OF THE

SBUEIVE el 0l bl ch ScB 3 ko W30 SRt of the presen
enbodi nents thereof, it should be understood that the

i ©Mon is not linited t hereto, and various

alternatives in formand detail may be nmade therein

0080t defddGLi 8igllisteates he reactive reversec oyieeltd sybtem comprising
invention. In particular, those of ordinary skill in

W@rédenhurﬁpéHrﬁékﬂhé bﬁéthﬁﬂﬂ?ylﬁh% ?&drérﬂb?lh@ SMtonductor

various fl ui ds and reactl ve conponents

tl d d.d
FEaRs atp BT § Setai SRt %@{)t%soﬁm%&énvemfb
For _exanpl e, plication of the nmethod steps on a
20R38T o1 | Bl ShawscamsEMemiGrogragh bf ghcpesesu@SG no barrier

punps and punping systens, and/or transfer systens for

GPEnBIBQOY B3 Mefér sbwibg W%ﬁébﬂ\?&rerﬁ@@é]'d?'s‘ﬂﬂace resndues using a
[ nterm Xi ng, as well as delivering and applying t

pl_i 0 [ d/ or
SRR Rl R sVt SR I b el B sEAM MYmBouimét of the
cl eani ng fI ui ds of the present 17 WO 2005/081289
prasensNeNtiensss7 i nvention for ultimately cleaning
substrate surfaces, or for post-processing collection"
of waste solutions and chem cal constituents are al so
envi sioned and enconpassed hereby, as would be
performed by those of ordinary skill in the art.
[0040] FIG 1 shows a generalized reaction and process

zccording t o DEFEATESE BESURIFHCN, PR LHE INUENRIGHS
CO02-philic surfactants 106 conprising a polar head

group 102 and a Q02-philic tail 104 conbine to form
aggregates 120 or reverse mcelles 120 in the

g?g?(?};r: SS If\ﬂ}]lblltléI gﬁécbregém ipoERtion pdesédfed ihessini Witk Iréfi®ence 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. [n particular,
those of ordinary skill in the art will appreciate that cohbining 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




i
aggregate 120 or reactive reverse mcelles 120, form ng
a polar inner core 112. Reactive chem cal agents 125
WD20e51812881 ar core 112 and/ or the bul k densi fi ®CT/UR0(5005587
130 provide reactivity toward residues 150 in
conbination with the reactive reverse mcelles 120

. . . . LV . (o .
IRPLGA" R, BRI cIBERAG' SFost¥ 5ol bl Mor Hogtproessing
of the wafer 100 react with the reactive constituents

eotieclion; G wersth golufisps AndshesisabeuRtua sl @lsp (epvisioned and

nodi fied residues 155 that are renoved or. separat ed

fenoomipagsed hiereley, cfs woeld beuperforened BY thesedofvdridiriary Is&itl in the art.
subsequently reside within the polar core 112 or the

wf i ed feye i ' [
J0080L ! o1 RIS SOwsTaRRichEzcl redbiiph B3] HHEdsS Yheme for a
renqyed fromthe urda&e of the suhstr.at 100 inclyﬂs,
FeRCtPeraYSrSs iMicells Y SyRiam Aacordiag toofe Pragess: Pofe present
reduction, exchange, nol ecul ar-wei ght reducti on, :
imvegiont CPagiiliysudactaotsi H06 oamprisingpé gxodan head group 102 and a

head- group or inner nmicelle core binding, and

@@g:mﬁé 118iN3104 66mbRfe td RMHLhgHielgatdd N0 OV RPsE Mitdlles 120 in
to G

2, four representative reaction types

Y Uekishfel A, 046,3R8; nOF BoRaR 2 BAUH, DT eBbEcPgREnty in the

illustrated whereby the chem’,éﬁl l'y nmodified resjdyes
egguegate J2loen eartiveTeverseonicstes 320, Suminga pelapirner core 112.
froma substrate 200 surface. The person of ordinary

Hdactive chemhieabagenisl 125 én doeipotart terel 112 sindddrethe bulk densified
reactions to be representative of the general types of

Fﬂﬁﬁﬂ3@3}?%\§iﬂté:]rg%g\i/i§ﬁdg@£§'n‘é@iEuesT H?ﬁ i%hébm?iﬁéfi@ 'vgﬁ- {h® reactive

i ntende e thereo
illustrates a fJjrst reaction type in which a chemcal.
rptee gl 420 Hus Eftt oA “Rechd créirée 588l¢ Rigesystem.
reverse mcelle 220 reacts with a residue 250 on the ,
Moreaspeaificallys nesiduas d 5800n yhe sarfage ofcthenwatarl 100 react with the
nmodi fied residue 255 that is renmoved fromthe
sedstiveatbansidents 485 G thesfides sybfehh thePsby becoming chemically
modified residues 155 that are removed or separated from the surface of the
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




polar mcelle core 212, e.g., a reaction whereby a

pol ar and/or water-soluble residue is fornmed. [0043]
WBIR@S/BRSY| | ustrates a second reaction type i n POITIES2045/005587

reactive chem cal agent 225 present in the densified

fluid 230 reacts with a residue 250 on the surface of

B AP Tt 8, e PO TR ey s i

200 and_ which resides within the polar mcellar core
the artrwill recagpize, the ilustmted feactionsdn be repredentating of the general
chem cal agent 225 in the densified fluid 230 whereby a

ey ofreationsethat maobs ihwledd:nTealk! normditatiss |§ RESSUEY by the
255 is fornmed. [0044] FIG 2C illustrates a third

dfﬁ?:?}éd?@tﬁér%%fl n which a reactive chem cal agent 225

e polar core 212 of the reactive reverse mceIIe

eacts t resi due 250 on the surface o
iﬁ&%ﬁl at e f@b Mﬂiwaﬂ%arfﬁ hreaeﬁﬁlpnctuemlaawh@h a chemical agent
nodi fi ed residue 255 is renoved froma surface and

228ipresentrintthe poldikmitedieicore @12 fof thel rRAse emacid 220 reaets with a
the substrate 200 surface. For exanpl e a reaction

*Pé‘él&ﬁ@@&ﬂ“oﬁcﬂ'% S6rfdc dﬁ%gﬁggﬁ’tbe |é|81ntgh5 Eﬂé}ﬁicé% modified

core 212 with I esi ere non- pol ar~"an

Eéﬁé#??éﬁ%ﬁtfsd‘em%@dfagh cSRal ol nmd"w&cﬁ regides within the

reacti on between a netal 19 WD 2005/081289
polar usitels/ cws5812, edhi @ueeazton (\ehqebyca)pojar tihd/or water-soluble
substrate 200 surface, a chem cal agent [i.

pesioue teforié@d2)] 225 in the nmicellar core 212 and a
chem.cal agent 225 [i.e., 2, 4-pentandione,

IRE) I AR D SR Y e

?op er-hexa-fluoro- acetyl-acetonate. [0045]
sheiniqal 225:present in theadensified Jipid 230 wpaets with a fesidue 250

chemical agent 225 present as a constituent or
oortpe sarfacefof tehsubsirate 200ryieldingea 2ROmically. modificdaesidue 255 that

group) reacts with a residue 250 on the surface of a
RURShE®E A theesiHfake 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
19




chemcally nodified residues 255 ultimately retained in
the mcellar core 212. For exanple, a netal-surfactant
WOEhVa8x28255 f ormed between a chemically nodi FPACTASI8GSA05587
residue (e.g., Cu') 255 and the anion (e.g., P042-) of

a phosphate surfactant head group (e.g., PFPE-P042-)

redliee 230 NRMg), "Chj onr eesaBstateckbe suifdc®, 24 Themical agent [i.e.,
Alternatively, a reaction with a quaternary ammobni um

fluorid t. i . .
O edeo T AR R e fGt 6orq 84367nia chemicel agent 225 fie,
ordinary skill in the art will recognize that man o

2 d=pardandionpota maraplexivge ageet] niac then dansifieth oﬂwcéaiso afielding a
products are possible depending on the types of

<§Iﬁhi{ééﬁ¥5 msdified rédigus 265area YO Aphilb phdistye i.40Gopper-hexa-fluoro-
chem cal reagents 225, conposition of the reactive

r L cell es 220 or aggregates 220 utilized, and

é%éﬁﬁ%ﬁ%@%ry nmodi fi ed residues 255 generated. In

eneral, nunerous and varied reactive outcones that
t ink ilystrates g falel reaefian tpednsuhich @chepical agent
be effected by the conbined action of the reactive
225 presenti ax bl eons2idlentr cragynpgeerdsof2t@, raveese enicelle @20 (e.g., a
chem cal agents 225 present in the cleaning system and

I I [ . .

AdEy gﬁﬁ?ue ) Zrééét‘é. @ma%b% 240 M%ttﬁé“’%hﬁ’ cé!é?g %@sﬁr‘@ e 200 yielding

r esi 0. As shown rel nabove, chemc

residues 2 beca iscible in the bulk densjfied

G iGaBs e (RRERc2 3 i elshe Bl dus MR e tore 212
PCT/ US2005/ 005587 212 of the reactive mcellar )
Rogexsgenple, a2metaltswfaciantt complex8bb| formed betweer a chemically
species or alternatively as bound or conpl exed species
iwotifiedetp 1@sidas(8.gor Cub)@BF arid! ey anieane!d.s POa*) Bea phosphate
aggregate 220 whereby the chemcally nodified residues

%.ﬁ'fa}cg%@ H%{:JA ﬁrbﬁbg(aeré@”%-fﬁﬂﬁgtm SUBHd RS &ﬁ%greverse micelle

fve conbinations as woul

envi si.gned the person of ordjnary skill in the art X
e a‘é?eb%ﬁ%@@ﬁlﬁ%@at%o{e#@@l?‘?'tmtasﬂ%ﬁe@% &RyRagiupe fluoride
that the presence of an inner polar core 212 in a

surtastant; i.ey tetearachyl-amymbhimh-fluoride.uf fi ci ent to

chemcally nodify or renove

[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 miscibie in the bulk densified fluid 230 or within the polar core
20



hi gh nol ecul ar wei ght residues 250 fromthe surface of

a substrate 200 or the resultant nodified residues
WO2805/(§8288y | denced by the nunber of sinple den$CTVEEI005/005587

systens known in the art that remain presently

i neffective at renoving tenacious residues because

Qheyofcm@sﬁéécm/s rﬁfaanéreé%ﬂepate%/zﬁe@ther fastéelgerﬁebiEa and soluble

shown, for exanp e he reactive conmpon

5E0LES oy 223l Y B B S A Bt or

substrate residue 250 for a sufficient contact time tr
£enstithentse comptising Hoei aggregatea220owherebyb thairchemically modified
Reactive agents 225 in the polar core 212 of a reactive

residues 255 elrbeudinfataly feﬁﬁ@\ted/¢ro’alﬁ©thég§ﬁ@§réi802w5§urface Other
i nt eract reactlvely and directly with surface resi dues

R B TR T M REM) sy o

%a m scible mjeties in the densn‘ledflwd
agarg eéﬁ'éYﬁ’&Ql"PQfaFﬁﬂil fied species 255 within the

pol ar core 212 of the reactive reverse mcelles 220

18047 Ing r edbskoyid e eniphasedothabitse ipresdrcedenanfinaer polar core
fluid 230. [0048] FIG 3 shows an over-etched wafer

292RA: ARSIk Hstath i t? e lnéuﬁﬁagpfﬂﬁcﬁémfcq|lysucwfy or remove

representatlve net al tran Ion ne

FRRP Fieteler vt ”@tﬁ*@ﬁaii‘é’*qasry o §lrfaes b 2 subslotse 2 or the

PCT/ US2005/ 005587 rrErl sing copper was overlaid with
gesuitaph madified éeagduesba 5] as pvidepeed dydhe numbersifraimple densified
silicon carbide (SiC) followed by a dielectric nateri al

bystems3kfows Oitié aHtrtBabresndia-prebamsy mbﬁéétl\(éﬁﬁemévmg tenacious
standardlnterlayer lowK dielectri'c material known™in

S e I
(S eSS NS A SR R sho, o
S|{F%§ h||COﬂ di oxi de (Si02) or other thin film
Pﬁa Qtan tthRafeactive pmeoRats 2% d dhacbyll tipid 239 |@dreverse
"vias" 325 were introduced into the OSG 315 (or LKD)
migelle ChroWA2 trhestSbé2bmaght rigtol direct 3Ad. reabtiee contact with the

as-received test coupons 300 were generally of a "no

Sabdttfe rRBRIue 258 ®r 8 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 mice_lles 220 pending recovery
of the components in the densified fiuid 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 (Ai}). [n the instant case, the base layer 305
' 21




l

“"barrier open" (BO configuration purposely

"over-etched" to enhance the quantity of surface
WOa8)5A8828%f or testing. NBO substrates are repr ®CFAISA0G5DO5587
of wafers encountering a first etching (plasma or

chem cal) step in a commercial process whereby pattern

g%@ %BBP%F \%é“%"veﬂ‘aﬁf Wil r{"ﬁ‘f&f stop L@i@r e@arﬁéﬁ layer 310

'nto el ectric ayer

?%mer'segoe?'lpﬂnppﬁ% Ry 39@? %c? ca sleeRe  Brthiflnlaver 315

is shown conprising residues fron1p|asna etch
pepEsiigngraana-sikarfeogiasst (OBGb a standisdoisteriayerdondK dielectric
335, and striations 340 deposited on the walls or in

frizgeridl kridWn RfHecarm, o @nsotﬁaﬁpoEMst IBREKRIEIBERR! MatdA LKD), and

breaches t he st opbl ayer SiC) constitutes a
bc? G RENiasdly @#@iﬁ{ Qﬁeﬁé%ﬁélg IR di Ta) pr oter
e wafers along the crystal planes 0049] FIG 4
thlm fitmy dpeachi test wafer3GRi epalt |paﬁarrhyeha1 &2§rmaﬂedowl@ 325 were

benchtop scale design for practicing the process of

intredpced dmto theve8G 815 (o hKD) dayerthrsugh the8IQ-, stating iayer 320.
the art will recognize that equi prrent I's application

the Ya%%@@ﬂreﬁ%sf ﬁflﬁ{pﬁfn%rﬂtp\%efé: gé i aﬂ? b 9 oYUk ?f‘ﬁﬁéjn ANBO) or

necessary speci i OR it
rements w thout devigting fromth

J.ndustri aI
\%r&@ownﬁmz@&@m 50085 mPSSbp PV alkled: e esance the

the invention, e.g., scaled to accommpdate a 300 mm
gliantiy oof swrface residued tors testingl iINBO asubmstrates laee abpresentative of
i ntended by the disclosure of the instant equi pnent

\ﬁﬁﬁérg rél%@lln'lé‘g‘g 8 firdt dtEHIRY \Spfagﬁ{a ?@ érrfféélP%fep irpg59&mmermal

FIG 4 sho h a m xi'ng” vessel and

CloB83h VhroR el ik 85 Sy BBk e o i Y—

and a bottom vessel section 404 machined preferably of
efchadiinto theidielpstrig materied layes 346 (8zn, LY OS5 dut ﬂptnot breach
any of a nunber of high strength polymer |Iiner(s) 406

tl(h:en%tlbﬂ :jsltﬂrng @%ﬁ?‘@ﬁygthyei 300. ¢oF@NBNthE d\krrattiaed wafer 300 surface is
shown comprising residues from plasma efch processing in the form of crumb
330 deposits, mounds 3335, and striations 340 deposited on the walls or in the (1
pum) 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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limted to Cu, Fe, and Ti) and particul ates bei ng

introduced into the m xing vessel 420. The liner 406
W0 s1289abl y nade of pol y- et her - et her - ket one PCaE82005/005587

known as PEEKTM available commercially (Victrex USA,

Inc., Geenville SC 29615) or an alternative such as

pol y-tetra-fluoro-ethylene (PTFE), al so known as

spirftebhangbbpe adfa'tHeﬂWnﬁbrﬁi@ﬁmé.?i, addaled RBPaBEomMMddEtE 94 BV0 mm
DE 19898). When assenbl ed, tThe top vessel section 402

e hIATRE Tp OARGPR s S8 o og 89 A RGboure o

l.e %th of, 1. 75 inches, and an internal volune of
thea&% bk equipasnt sesian aglicable o asmall destanater caupoar e
stirred wth a magnetically coupled TeflonTM stir bar

[00803 a stEiGlat showsbetatumiRingovasseP420 dndenivaler cﬂéaﬁiﬁP véssel
sapphire observati on wi ndow 410 available commercially

44C|( ﬁ%r%{s lseetiSh ETRe nﬁi?ﬁgévcet'éi@%ﬁﬂ%%%gﬂl%géd iof al Bﬁﬂég{ﬁggsecﬁon

e top vesse or ~observi ng

i ntroduced into {he ves 420 and far inspecting the
403,358 & HSEi i3l Seeton A84 mEchines prstarabhn gl fianiath (T dometal.
has dinensions of about 1-inch in diameter and 0.5
The webssl 420 tmay keetised MWith anysefl a raenbeo o g stredghto polymer
and wi ndow 410 are assenbl ed and secured in place with

line¥(s§! 208 t4 Lahinifide %idté‘:ﬂ'iﬁ!B/oﬂT%ﬁlta%ihﬁt_iﬁd TR6tY qInchRANG 5% not

rimedge portions 414 and 416 machined into each

imiglEid 88, 4022835004 SR E RS AEGHG8Fro e g vesse

effecting a_pressure seal within the m xing vessel 420.
420rh Ehe linghA08 13 preferatlyimade af polyather-etherketana @lse kgown as
413 positioned and aligned about the perinmeter of the

PEEK®paviiibld 86mbherthaly Vidtrax VSHs dhc.4 BlebavileSG9615) or an
configured with a port 418 to the m xing chanber 408

aefigi e Sueh s eph SR LAIE AReReIPTFED, i §opi(ag Teflon™
avalisbleccomeRa DuRay IR dasion . Pe; 4RAFHEARhsn 2sSemuied, the
or inlet ports depending on desired flow direction.
top Beshebsedtinnm4®2 and Bdtorhaessel section 404 define a mixing chamber
408 with an internal 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,
' 23




T
di nensions preferably in the range from 0.020 inches
|.D. to 0.030 inches I.D. [0052] The wafer cleaning
WO0a8e541812880 i s conprised of a top vessel secti ®ET/UBZAS/005587
and a bottom vessel section 444 machi ned preferably of
tltanlun1(T|) metal and lined with a high strength
olynmer liner 406 to mnimze potential of

remﬂﬂtwﬁiyn Hhenehyraffeting lBepriegsure serl within the mixing veissahd2y The
vessel 440. When assenbled, the top 442 and bottom 444

clang 41 s GelclRed in WA vid @aidicRihg ﬁhg'ﬁﬁ p%ﬁton%@céh@rﬁlgned

442 and 444 are assenbl ed and secCured in place with a

bR ek i 4 2 i nea i o ench of the Lop

442 and bottom 444 vessel sections, respectively
[00AE} eby ckhemixing vesseb420 s fudher eenfigured mttfbamrt A48 to the

vessel 440. The clanp 412 is secured in place via a

mikigktgmben40813sarpai taroirdet port 4118 e & anuﬂgt froem the mixing
perimeter of the clanp 412. [0053] The cl eani ng vessel

ch?ﬁébérsﬂdéjuéé? %ﬂn&:%{ng‘ Pl in% Eﬁﬁtﬂéﬁ%ﬁhﬁe‘? 408 is

cleanlng R&Toar and an out
t he cleanlnﬁ chanber . 440, each port haV|ng di mensi ons
#

reygrsitle a8 ports 418apd A9 Mmanbe. usesl intershangeably ag exit or inlet

0.030 inches I.D. The waf er vessel 440 has an interna

potisadependinf @n5desicé flovardirextivai giBothf portd 5918 rarie 19 have
defining a total internal volume of approximately 24 WO

Rl e o

ed'via tra om the m Xi

U e &@éﬁﬁﬁ#%ﬁf-gﬁiiﬁ sapmeiRpeof adpn Vs vséae' section

i ntroduced in the top vessel section 442 through the
442emd ® bottam vissel Fetionofdd erachineck praferabiy of titariumediemetal

0.020 inch vertical channel head space 458 above the

andefiged swithage hitfp Sﬁéﬁbﬁbmdﬂfrﬁbﬂﬂme‘ﬁtwdul@e%mlrﬁt@ bbféntial of
chanber 446 producing a radial flowfiel d t hat spreads

co AR ke b 4BE nPREEGEY S YL oo VisbpETap. when
asggronb?éd athbeentgp 432 and bottom 444 sections define a wafer cleaning
chamber 446. Sections 442 and 444 are assembled and secured in place with a
cilamp 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 bressure 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 |.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
24



scal e design according to the apparatus of the present

i nvention. The m xing vessel 420 is shown in fluid
WwOanisd81189n with the cl eani ng vessel 440 vi a a PEAVIS2605/005587

of high-pressure liquid chromatography (HPLC) transfer

lines 451. Transfer lines 451 are preferably 0.020

inch 1.D. by 1/16-inch O D. HPLC |ines nade of PEEKTM

S0 Lablmemrggemmdglém intealEed Vidtipafdr | Iiri‘e 4510from the mixing

Wi dbey 1sl a Pressure is maintained in

SRR B %'?%ﬂw@é‘%%@%éﬁ o 1B Cﬁaiﬁ’ ﬁangh%rager 446

avail able commerci al lé [1SCO Inc., Lincoln in
thraugh a gimalk inlefhholet 45& inteoducedringhe taptvessel gact,mn 442 through
CO2. [0055] A valve 510 (for exanple, a nodel 15-15AF1

thrREEMEY (ihe0466.s TH® topordrseRbéetibn/442 idhided . oz@hrﬁzh vertical
commercially [H gh Pressure Equi pnment Co. Erie,

el hs*'%&?%ﬁ%o‘%%d? 0 1 Sk 99, Abrdshefl ﬁ%wtmduced
igt%éﬁ?sﬁ F‘%?ﬁd’ 38 @Eﬁiﬁé{gﬁg fafc{sghwﬂﬁ@t E@Sé@ueﬂ%’gﬁﬁ? Hangentially
inlet port 418 and into the m xing vessel 420. The

adwardlatiose thatwaf6P800alifaes. a rinsing | oop 520
extending fromthe valve 510 to the inlet port 452 and

OPRAILLe P SABMPNED o SRl P et 0 e

005/ 081289 PCT/ US20Q5/ 005587 f
I 85 OrC ACSRTINEREY e SRReas.Of fh& REesant jayention. [Ehe mixing

451 of the cleaning |oop 515 between the exit port 419
wrssehd20riscshepvn dr dleid aomneationi withethe pleaningopessiel 44 via a series
cl eani ng vessel 440. The fitting 525 further connects

ofitigh-phessure ﬁaﬁfdeéhr’ohﬁioél‘ébhi éHP'Il@ f’tra?f%lfétglriésoﬁ‘ﬁmransfer lines
bringing the cleaning oop 5 and 'the rinsing oop

51 %@i&eéé"éb& g e 4@%@%#%@ I8 made of

punp 505 may be |ntroduced
ek ablile corametciaboldpchiiish Beientiiosor Girabey isiand, WA).

t he transfer line 451 of the cleanlng | oop
Pressure is maintained in the system using a feed pump 505 (for example, a 500

mbL model #500-D microprocessor-controlled syringe pump 505 available
commercially [ISCO, Inc., Lincoln, NB]) in fluid connection with a tank 507 of
ultra-high-purity CO..

[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" 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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I
515 between the exit port 419 and the fitting 525 are
two inline filters, a 2 pm pre-filter 530 (for
WORAMIBE289a nodel A-410 HPLC Filter Assenbly [ BEAViF2605/005587
Scientific, Inc., \Widbey Island, WA]) and a 0.5 pm
post filter 535 (for exanple, a nodel A-431 HPLC

M Do g Tl
S, R 5 ShGRaRFRSBh  0.o oE hda0 ana e

440. [0057] A straight valve 540 (for exanple, a nodel
port 145%-bf the-cleaning tvessghd44@.al Mee [itingh52% dudhee connects with the
Equi prent Co., Erie, PA 16505]) connects via standard

ftafster qﬁn@?ﬁ'l' BE thd rlﬁsing'flgﬁ?'\ﬁid Bﬂﬁélﬁ{; thér&eéﬁéﬁtleoﬁ 515 and the

second flttlng 525 e“col |l ecti vess

545 v se 55 ,of EEKTM t
risin4@eBra47 bta ALE naRitie wPeresopleaning ud ¥ %e mixing
0.005 inch I. D and a length of from8to 12|nches

vessel- 420t on rigsipgdluid fiom the sydngm pumpd 505 anay desintroduced to the
line 451 to the exit port 454 of the cleaning chamber

wakeradanifg¥epseisa4n.e  transducer 560 in el ectrical
connection with a pressure readout or di spl ay device

E&(gssés]zfg f?‘—'ﬁﬁﬂg? lnébrgB%?éd %gjthéQra&%g% rlﬁ? 61‘0@8 cleaning loop

ransducer ressure
nsors, 016 3315])

BEh esweng ThaceReRan 1 PEd 40P diing GRS Arpsteaninios, filars, a 2

to a rupture disc 565 26 WD 2005/081289

peHils2608/ (os88Zmplé.oe modeblied 1@ HBUE! Filter 6Addeimbly [Upchurch
safety head [ Hi gh Pressure Equi pnent Co. Erie, PA

5@%@%@ lgée@lvﬁﬁib% FIEI%?'E“ nb]Z%EQ%O‘Seu"I? lﬁﬁsﬁcﬁﬁé} 535 (fRF¥mple, a

he m cha

I@%gql%‘géiqﬂ%ﬁtt ltJ'!Lt rl])gbﬂf? |i'l Lfgr?,!itg &?ﬁgggwkldbey Island,

MI an- Jenner, Lawr ence MA 01843-1060]). The Iight '
i élmtemevemir mtentaaﬂ t;orﬁ@mrraré e@etals(ﬂmi/cabpartlo@u@es present in the
positional gooseneck fiber optic and a focusing |ens

eranmeeflivé franfbdginirbdsedinte thd wafist didardin v@ss@[mmg
light =~ through the observation w ndow 410 in

H0a8A9 Chardgfratfif- valle Whd YR example, a model 15-11AF1 two-way
straight valve [High Pressure Equipment Co., Erie, PA 165058]) 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 havihg internal dimensions of approximately 0.005 inch I.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 mode! 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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hi gh performance canera 580 (for exanple, a Toshiba
nodel | K-MA1F2/ MA1R2 CCD canera avail able commercially
WOLRMNBHS? Pr oduct s Group, Florence, SC 29501] PCTAISANASH05587
preferably coupled to or used in conjunction with the
illumnator 575 and a standard video display 585 to

(if&aﬁﬁaﬂﬁf%g% @B?ﬁf’ HBERAF F48fP h 1620 [ll(l: igﬂt Preiis%?géqugpment Co.,

nt erm X e conponents an nstituen

Qr reactiyve cleaning flLuid is done for about 5
Be,r%i\p,l,%ﬁ@ﬁ UW@’%@ RFERP %égé’lenim by charging the
vessel 420 with pure densified fluid 130 prior to

[00583f er tAststowrtireEHEng, thesgiting cbambrersd2( is fusther illuminated
programed into and mai ntai ned by the

WS GPRSRIRED ﬂﬁh?@éﬁrﬁ:@ 373 fsréamasle PH TRodA St 90VBb & bt ifliminator

fluids fromthe mxing vessel 420 into the cleaning

470 Ehiighind b BhEFanck, MR D181 Re0De2 TR Rt SBurce s70

se?rrent 555. Fluids are discharged at a rate of about
preferably gomMpiisest aaenrg deolofongl positienalhgoaseneck figer optic and a
vessel 420 invol ves about 7 nlL of pre-m xed cl eani ng

focusiftg [dresieapiged wthval 86-watt ulb afos folcasimignant! dirécting light
in the cleaning vessel 440 whereby a residence or

B PBRahvaubhirkBR 4o Bt dhe i HFREEEE 409, fn optional
for rinsing of the wafer are preferably. introduced to
high parksmatge camers D80 dfcoexagwiedE oshifsmodieh #¢-M41F2M41R2

vessel 440 via the rinsing |oop 520. Rinsing fluids

Ceuicamurai avaitableigconmietdialiyo{lheagiid Prdducts SrbupnFlorence, SC
may be introduced through the m xing vessel 420 to the

%%@f_]z)@a%%sﬁ@feéﬁgrmﬁgﬁlfagﬁoo%{%d”& £&98n with the illuminator

rocessi ng ex e test surfaces wa

duct ed ,usi,ng, conventi pna M.and/ oy XPS .anal.ysSi S.
SR Sraanunit, Gies Blenfi 4a5 10 unihgeolng M0 ARy 408 and

further understanding of the reactive systens of the

eordepist i nvention. Exanples 1-4 present ‘four different
enbodi ments of a reactive reverse mcelle cleaning

| nvenltmi Oﬁ?cﬁftéirﬁi&irtgo of tRe PEcHapSserts af®opremelituents to form the
reactive cleaning fluid is done for about 5 to 10 minutes in the mixing vessel 420
by charging the vesse! 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 fiuids 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 fransfer 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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EXAMPLE | REVERSE M CELLE SYSTEM COWPRI SI NG
PERFLUCROPOLYETHER PHOSPHATE SURFACTANT/ ALKYL
WEUDGEARABE CO SURFACTANT /WATER  ( Resi due C e®Tgs2005/005587
Systen) [0061] FIG 6 illustrates a reactive reverse
m cell e(s) systemaccording to a first enbodi nent of
the present invention. Illustrated is a

yesddl Watto vizothe eingirrg 1dOpFBRI. PR tfidids requiring intermixing with
surfactant/ al kyl - SE'IQf or?aﬂ{:e (AQT) co- surfactqant /%vat er 9

. . q ' :
ottt T8’ 86 sOge PRy DE ARl B FROnPifa Tes8e 420 to the
resi dues for s nthndu?ton and/ or, waf er substrate oo
dERnuSLvesiset 440 vig theiaiaaning dean A48 \ReSH-RIPERSHIRG \Rxamination of
attributes for comercial processing including very
thevestisurfacesewas conddétedarsing cenveritiowal SEM ahdioy XRSaealysis.
of fluid recovery, lowtoxicity, mninmal CD changes,

i gh siyped N ni ef i\n
?‘ﬁq}egbel g\ﬁvsagg]t(?ﬁ?g %xﬁlﬂggpngJ\/@ er eocdn%a\}gp g?é‘,\é a further
an re.preferably in |l ess than about 5 mnutes. 28 WO
00t PR b e dedeltid sisteme Of Buopiesert TRNOR: oFxamples 14
present enbodi nent conprises reactive reverse mcelles

pEsent fausdiffereat amhodiments @2 reantive irevergeamieeide cleaning system
phosphate surfactant 606 and a dial kyl sul fosuccinate

4é6ohllingarobe fpretedy ofthd dresént inveminum [ bi s

(2-ethyl -hexyl) sul fosuccinate] or a functional

equivalent) in a densified CO2 continuous phase 630.

The PFPE phosphate surfactant is conposed of a

phosphat e headgroup 602 and a PFPE tail 604. The AOCT

co- surfactant 612 is conrﬁ?%UPé-fE& sul fonic acid or

sul fonate head group 608 and a di-alkyl tail 610. The
PFRE\WBERSihisil @Eh B Y87 & CAMP RISINGPHREOU OROPOL YETHER

al i PHOBPHATRGURPACTANTBALKYIESUe FEAAPE COBURFACTANT

aggregate 620 thereby forryww,g,;% e reactive core 614 of
the reverse mcelle 620. The "tail 604 and

(Residue Cleaning System)

[0061] FIG. 6 illustrates a reactive reverse micelie(s) system according to
a first embodiment of the present invention. lllustrated is a perfiuoro-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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AOT tail 610 of the respective surfactant 606 and
co-surfactant 612 provide for the solubility in the
WOSALYI8I288 f| ui d phase 630. The reactive rever PET/US2005005587
mcelles 620 or reactive aggregates 620 react with

resi dues 650 on a substrate 600 surface vyielding

thes2ral |y Tﬁ@éﬁétﬁﬁ 6ﬁgé %Werﬁ%@aﬁ Sulﬁr%e"ﬁ'i goﬁggéﬂe%twe reverse

separatedfro e substrate ac endl ng on

ofiteles 87 8 Podurld dbare el enstia 488 a RGP F g hare

the densified fluid phase 630 or may reside within the
surfactapb 686 anst @ dllyl sulfesucainate(AQT ) roovsuréactant 642 (eg..

620. The reactive cleaning fluid is maintained at a

boden-fbis f(ﬂ-étﬁﬂthe)@n%ﬂﬂf%u@clﬁﬂ@? bk % f(:ﬁétldrﬁal bh@lvﬁléﬂt)ﬂm a

medi um above the critical den y (pc) for pure

HeRd s ﬁbﬁﬁﬂﬁcﬂlap%s%@%“pibé Fﬂ%%fv%@?bhé?"sﬁ%%%@

phosphat e aci d surfact ant 60 @( vay__Sol exi s,
taBROsedof aphosmhwts headaryp@l29nd 6 PEBautatlrﬁM)TThe AOT co-
sul fonate co- surfactant 612 (Al drich Chem cal Conpany,

butfaetsne 612V¥ cb pd ofadsulfonilacid @risolfbAsie, hehdsg:rdulpesba and a
0.1% 614. an alternative, ammoni um AOT

H20 (

399@& 362'%1 TR PR A G B s
53 oL e 50 L6 Ao b
420; liquid constituents (e.g., H20) were subsequently

éafrdmdg thd ecdtiveanre €d4aif the cevarse Midele 6§26 udhedReREItgil 604 and
capped with the top vessel section 402 formng the

WO 8 61@RBPRHe %&%ecﬂ@s@ﬁ@:&ﬁhf 606'bAd W— ctiR612 Provide for

|nserted Into the upper vessel 402 an vesse

e s SRGity PR thodeiPndd AngBe Bab° Tt % '%VE.rﬁ\gersséegslies 620

420. The m xi ng vessel 420 was then charged wth
aereadtivedggregates 630reachwith nesidugs 660416a subistrate 600 surface
mul ti-component fluid was allowed to interm x for about

Gielding Q;h@rrﬂuéIBﬁmoﬂih@dQ‘enge@@maﬁéré@nmmd @t Séparated from
pre-l1oaded with a

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 ub

de-ionized, distilled H2O (0.1%) 614. As an alternative, ammonium AQT
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commercially processed OSG "no barrier open" (NBO test
waf er coupon 700 (FIG 7) having dinensions in the
WwORH081288m 1 to 1.75 inches on a side and coP@TVES2005/085587
series of 1 pmpattern vias 725. Thickness of the wafer
700 was about 725 pm an |ndustry standard. The

. Cfied .
CLEBRC Eed e 23, AR, (0 AR AOT 06, sal
reactive cl eanin fI uid into the i ng vessel 420 was .
eonsiuent iR e e, Srfastanis) batp Suded Taihe hatioe vearel section
i n pressure connectl on wth the cl eaning vessel 440

#bdrafitheimixngivessel 420viquid congtituérdsr(esd.; II-I“QO)rwérﬁsubsequently
Cl eaning occurs preferably in a tinme bel ow about

E’EHEH ESTHRE boBh? Ve@é‘?laé’é‘dtlﬁﬁ tﬂ%s'@f&é&ﬁ%ﬂg%eﬂr\mth the top

out 5 m nutes or ess e I nstant’ cas

waf er co n cont.act ,ti

En SREBR 02 Toras Bas g cheurar 4087 h8 SanRireswindow 410
[0064] Tenperature in the cleaning vessel 440 was

miasrinaemed into thieoupperagesset 402ana thistessep clesspidd 2adnd clamping
2900 psi thereby maintaining a density of the fluid

Fihy (47 webesectifed o ipldceath bffécirgf at
CO?]tI nuous CO2 fl ui dp‘(about 47¥c rg{:a ﬁ%sgu'té(rsﬁls'.nntge mixing

Wi%&?ﬁ”pﬁ"k%b“%e@‘”&%&%ﬁ@?%%%@t}%ﬁaéMw?ﬁydens%d CO, 630 via

i ntroduced to the cleaning vessel 440 through the
enisiglparba e spd thegnuitirompenend dyichwas aionesiednterarix for about

spent reactive cleaning fluid containing the

Shéari t&l jnutesli f i Bk selbsningt eessxdi 448 swabSalda0Q6lioaded with a
Results. FIG 7 shows an SEM m crograph of the surface

{)eaneg%‘“zrpﬁbgﬁe r%:\l \?’g B?)Zf\%}@e‘?f’ @ﬂtﬁe t:‘gél%g coupon 700
ké'ﬂsg?o\/\ﬁ Y'Ir:lbslfli' ”;E’F;!%oﬁbﬁﬁ)éa 88]/ AOOTIJ Sgﬁ,@%@gd’)n a side and

nmounds 335, and striations 340 was observed in the
pomprisingaa aeriearr:pfl t yno @atteomviast 728. hd hicikmess afdheavafer 700 was
of the pattern vias 725.

about 725 ym, an industry standard. 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 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 t; 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
30 :
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EXAMPLE 2 REVERSE M CELLE SYSTEM COWPRI SI NG
PERFLUOROPOLYETHER AMMONI UM CARBOXYLATE SURFACTANT/
WRVORMEYZ8AM NE/ WATER  ( Resi due O eani ng Syst emPIO08R6{5/005587
FIG 8 illustrates a reactive mcelle system accordi ng
to a second enbodinent of the present invention.

I -' tE ..
SRR gBC & URERENIE vosss! 440 through the.finsipg loop 520
non- al residues, 850 found to, be tenaci ous d o
I BT iR remousl B et diispenh (Raive ipaing b gaataining the
waf er surface processing. [0067] The system of the
ichemieallyempdifiedentbstraterasidises €558t i ve reverse nicelles
820 or reactive nmacro-nol ecul ar aggregates 820
qo0®5] si ng nesdltyomleaweshéwy%rrﬁsem Wb}cﬁrégo'ﬁfrtﬁe surface of an

surfact ant, perfluoro-poly-ether

SR sIaNBh et il 855%% Z@@Sﬁsﬁi’%# Hiifadpe reactive

and a perfluoro-poly-ether (PFPE) tail 804. The
cayarsRyninee rdeaning fhud somprising, RRPE Ipbosphatex60S/A0T &12/water
surround and 31 WD 2005/081289 PCT/ US2005/ 005587 form

6d. | Aseshowal iar FiGr B, 8drhpldte tramonad bf gairabs 330, Theumis"B35, and
tail 804 provides solublllty in the densified liquid

Bfnrza?igﬁ%ho %@Q%seﬁge;}fm e gggtn ?aﬁ@tﬁ_’ Qan{I%?O'Onl%rﬂ%oth the rims

ment are pre rom
ass of npounds, hydroxyl am ne bei ng
?éar@é‘n&% Q%V'aﬁozféxcl usive. Alternatives are
preferably sel ect ed fromthe al kanol am ne cl ass of
conmpounds, et hanol am ne being representative, but not
excl usive. The'reactive agents 825 in the polar core

814 of the reactive aggregXAMPLIB20 react with the
resi dues 850 on a substrate 800 surface chemcally

DA e e e B s

(Residue Cleaning System)

[0066] FIG. 8 illustrates a reactive micelle system according to a second
embodiment of the present invention. Ilustrated 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) talil

804. The carboxylate headgroups 802 align in close proximity to surround and
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reverse mcelles 620 or alternatively in the densified
fluid 830. [0069] The instant system has the added
| WQapesfo81288f not generating troubl esone parti cRCAIES2005/005587
resi dues. The ammoni um (NH4) counterion as a
constituent of.-the PFPE carboxylate 806 is nore easily

Edrﬁ?ﬂib oM RS Fetﬁéea@ at%féhdneSTﬁegtlﬁtﬁg irt]QiF804 provides

Na+) associ at ed Wlt sur SCri
n ,of ed nodifiers

Pgﬁ‘gﬁg\éfrbmescgg'gﬁ fﬂl&@@i‘ﬁé& chemical agents, etc.)

i s preferably bel ow about 30% by volune in the reactive
@gﬂ ng fIRgactivadagents B28fef e yinstanbwerabodinBntbgre preferably
vol une for waste mnimzation, recovery, and/or

bem@temqrd?wmﬁrﬁ/dré%rﬂine%%fsl B Yompo U, F}'ﬁﬁﬁox¥lamlne being

anmoni um car boxyl’at e 'sur f actant 806 vvas pr epar ed

K RBNoRRE, B htt PR T, “ ARERES P prBRADY selgtted from the

7004 TM avai | able comercially (Solvay Solexis, Inc
slienslanine slasegrse)mpeinds, Athanelamine heing representative, but not
avai l abl e comrercially (A drich Chem cal Conpany,

Bktlusiviee eTh\ reaetivd lagentd 825vinathexssias cre 814 of the reactive
fl uoro-di-chl oro-et hane al so known as Freon- 32 it WO

SRR S M0 e o0 s

r oxi mat e the Fl uorolink 7004 TM
ﬁﬁéﬂ&ﬁ“ﬁfam Y'%gkﬁﬂk@cﬁ‘du femoving g@erﬂeakéﬁp%@eg on state, the

nitrogen gas cover with 20 nL of 25% (by vol unme in
mctbfue)d residues 855rmay osside withimthe inelr ypolgmeoret8 1dyobithe reactive
solid paste. The paste was dissolved by addition of

. PoRitse heitelgs 920 Efr%ﬁ@rrﬂah%éw i Qhé B@n@iﬁé& %.oﬂaslo m xi ng

to a clear solution. Theé Iiquid dried under a

HAsqRek { bl BBk I %ﬁdh?ﬁ%r rﬁﬁ%’eep%%rnéﬁ#m”oﬁ Al generating

carboxyl ate surfactant, 806 sqlid. [0071] The '340 nmL
troublesomss artiaylatadesidasged ha @mmgnium s0YHpFpeounterion 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
carboxylic acid surfactant also known as Fluorolink 7004 ™ available
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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amoni um car boxyl ate 806, 32 uL of a 50% hydroxyl am ne
solution (Aldrich Chemcal Co., MI|waukee, W 53201)

WE28054181280t er nati vel y 38 pL of a 99% et hanol aCTaIS2005/005587
solution 806. The vessel 420 was charged with pure
densified CO2 830 at a tenperature of about 20 Cto 25

q13M aqwiledie!r &opimeRMAINDS (AlpHEJAESAY enarder gjll, tMA 01835).
ut es

interm xed for a period of fromabout 5 to 10 mn

i [ i flujg. Q0 . .
APt S8k Ty RO PRI 0E T rbtlcyetvd® mixed in a
onmer ci al | rocessed OSG NBO test wafer 900 (FIG 9)
fﬂGﬁrﬁgeaiﬁ%éH%ﬁtmgﬁn B8S (CAVEE Withodd mlo of 28fe by yolums in water)

inches on a side and further conprising a series of 1

Amrpehiven rhydraxid82immedigiely jeneratiffoa afoli@upagted The paste was
stop layer 910 of SiC. Thickness of the wafer coupon

j : T h .
DI B gSReT! 6P abGUEIATER, of PR FET 19 thE iepir ang mixing
f etch and npon-pgetal residues 816. The cl eani ng vessel
i%@ figar sg P@bdﬁpﬁm N@%EH@‘? fur@@r@mlt@mna(l\?ﬁ gas purge and
tenperature of about 20 Cto 25 C and pressure of

sbeer foz Epprosimaltely areewieek dhenebytgetetating thai fihali PEFPE ammonium
density in the fluid 830 above the critical density of

RHFSOHe SOrfAbtt ®0B- solijansfer of the reactive
cleaning fluid into the m xing vessel 420 was effected

1087 063006, 58538 mC lsing, YEedel 2290 HES Shavoad ity 16 (3.3%) PFPE

pressure connection with the cleaning vessel 440 ‘ _
ararepym warbexylate 808.m32hulo Wia (5086 rinetrexylamine slution (Aldrich
Cl eani ng occurs preferably in a tinme bel ow about 15

Chemies| ., Mﬁmum,aMHFSMUaB%W %It@fﬁtﬁé@'% i|.J!l of a 99%
about 5 minutes or less. In the instant case, the

a t) ' . :
Bickfopaialter Soliin 805.2 T yBFtel 420 was shifrdscCith, pure densified
tyre .in th cl eani ng, vessel 440 was nai nt ai ned ,
LOTER0 ta espgraierecol aboiiiad BEcduas 361 anc aobragsira 61 2000 psi
mai ntain a density in the fluid m xture above the
and tdondentd evesietiptdronixed for bpétiod ohfromuabsut@o fiDunihutes thereby

(about 0.47 g/cc) 830. Arinsing fluid preferably _

forming the reactive cleaning fluid. The 500 uL 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 2800 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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contai ning pure densified CO2 fluid 830 was
subsequently introduced to the cleaning vessel 440
wWORpN§28 he rinsing | oop 520 to renove the sp®CT/US2005/005587
reactive cleaning fluid containing the chemcally
rmdlfl ed substrate residues 855. [0072] Results. FIG 9

tB0NEy BraRl VAR 8803 brbSurtrie ?ﬁé‘ﬁ%ttﬁﬂ{é éfé%nﬁflg {bSsel 440

no barrier open NBO) test cou

tBptay N0 fou uigh 1 FuSr 955" THe4RRG Goclics avefesably in a

wal | s of the Eattern via 925 foll ow ng cl eani ng,
tine hiclay aheut £5 siawtesnervarey an ayeragss iandemore prefetably in about
waf er 900 surface. Maxi mumrenoval of residues was

anﬂmblcﬁhe@b i In tHe mstartioasel thexwafdr doupon 8o haa d 68ftact time
average [0073] The i nstant enbodi nent has been

Sﬁ’@( Sheffed ERBER I TS T aﬂ##‘i@é “ﬂﬁ%ﬁgh%@bﬁmm in the

rmdlf e3|d 386rermV|ngthe omthe surf
qlwlaéweaﬁe Ewas mgintainedni %bouts’ZQ:%f?- iR A5/ Wlthwarmﬁysure of

pl astics, organic acids, and esters and serves to

290dr psiytoem3intainba mimsity dmthbdiudiniigiuee sbbserthbasitical density for
Hydr oxyl am ne 825 may al so produce hydroxi de that

tﬁﬁeﬂ'ﬂll@ %bhﬁn@é@@@@?ﬂ%g (agfoﬁi“@ 48 g%ﬂcﬁg £ Rﬁﬁé’lhhsﬂlﬁa Weferably

ereactlveaents the i em

i hation e 34 it , WD 2005/,081289
B B0 BEFR s et Ek: BEE B0, dés quhseausnty, ialroduced to the
comercial |level of clean satisfactory for
cieaning vesselod4d taroughi the. ritsing d0op S20etosserneve dxdiispent reactive
attractive comrercial processing attributes, including

d!earmﬁg f0ld torrainiig tederdraically hﬁﬁﬁfléd“%bs’ﬁéwtre?ﬂdb@s 85%

by volune total), relatively Iowvolatlllty ending to

072 R ot S it

bout m nutes on average). [0074] It should be note

5
SUﬁfé‘PethethSr‘é‘é%’rfttﬁhQﬁ' QSGever b,%rrlﬁf @bene (NBGHi tegt coupon 900, As

shown in FIG. 9, no etch residues (e.g., crumbs or striations) were observed on
the rims and/or walls of the pattern via 925 following cleaning, 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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1
surfactant 806 is not sufficient or effective alone in
renmovi ng residues 850. Further, hydroxylam ne is not
WweanesIse2s8Pn t he neat densified CO2. It is the PCT/US2005/005587
conmbi nation of constituents in the systemthat effects
renmoval of residues 850. Drrect contact with, and

e acti 1 c&l | 820..
Sty Bt VeSEHes, 885 608 cPRyhEEE Ty 3, G’ sdisipptoy for
interest is critical. EXAMPLE 3 REVERSE M CELLE SYSTEM

rg{ EPRsessNmRoPvarasFhaTeystam exhibits attractive commercial
SURFACTANT/ ALKYL SULFONATE CO- SURFACTANT/
PrOGESERIAEHBUIEST MdudAg Hbv dudntities Iof shodifiefd @ess thean about 3 to
System) [0075] In a third enbodi nent of the present

I5:}ﬁif>gt\)o edofal), ré'l%tl n&/l&ﬁ Fdﬂ'irf‘yq b{tﬁc%a{s%s f¥ecpvery of system

itor er SysS has een s e effec

n al residue ) ,
CO0ALEER éog’e@%‘? Wudniiga E‘«Eﬁshgnser 8l d3o, Aeqchlcaning (less
sem conductor (e.g., silicon) substrate and wafer
sharf abeuth oyputsisan avéragepst ant system has very
attractive attributes for comercial processing

[ i ng I i f I i
L1, ERPUB LM IELE Rs BT e g o

flud.r l,ow t.0xi ci t i CD. chan

stCeDE R gt gkt o eiPiligoions rar%grrseres'dues 850.
vvafer on average). [0076] Testing was conducted on .
Foribes hydraxylarainecis inot (solayle” pathe dreatogensifi echﬁ;Oz It is the
waf er coupon 600 (e.g., LKD BO having significant

lcemttimatitih op ppastitueats @humeﬁﬁ%terﬁftﬁasnﬁ‘écﬁ@ @mdévae of residues 850.
present enbodi ment is conposed of reactrve reverse

r
Eﬂéfe rhéé?%@f’fﬁﬁh U eRClouf BefReE 38k TPaOE sgrp ki ﬁ*@%? 820, the
et dhdnical agenis NS T sy Abinigreptiscertcal
sodi um AOT acid sulfonate) co-surfactant 612 having a
sul fonic acid or sulfonate headgroup 608

EXAMPLE 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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and a dial kyl (e.g., 2-ethyl-hexyl) tail 610, all

present in a densified CO2 continuous phase 630. In
wOResEsent enbodi ment, a corrosion inhi bitor PETAIS2605005587

added to the fluid systemto passivate the base netal

| ayer (e.g., Cu) of the BO substrate 600. The

SRR BB e oG48, Wil Cn RS HR i

nDdlfleg%qsurface reS| gues 655 that are renoved from
tSheed aiRariag egsdhamabruls miguies Rek wafer PR AYeEge).
mcelle core 614 and/or in the densified fluid 630. For

doanp] e, chkesting wasroddacted onfa petoals lowsK diiglecticqLED)barrier-
as Cu(0) and/or Cu(l) that yield chemcally nodified

A S S SN A5 o
B, S 16 Bt i oSRf B

with the nodified residues 655. [0077] Exper| mental . A
sovensermicele(s) 620er reactivasgaregatasde2id comprisingna petfluewy-poly-
perfl uoro-poly-ether (PFPE) phosphate acid surfactant

el BFPEYphdsphaite §urfh61<ént BEG%EaOfn@ra?pthpﬁhci@a@adg@od&GOZ and

(0.5% of 'sodi um AOT sul fonate co- "surfactant 612

ﬁ%%@%%ﬁé{@%ﬁ%ﬁ%@%&# B 2o AT ac

tl||? H2O. (0. 13@ and 5 ng 99% BTA (Al dri

E‘ cepsurfagiant maévmw %&f@ogam@préu{f@w@thwgroup 608
0.023g (0.1% 95% catechol (Aldrich Chem cal Co.,

dnidven digdieyl (8., 5328H-hekyl) il 610, clipresent inandensified 8T,

sul fonate co-surfactant may be substituted for the

ol |

ZRRHHTA Bade 6302 thdhe PRISERY EHERITBHE Y Eifosith fhibior was
4 li d,constitu wer e ent |
Siacde s s igmsvst b bisdiatsihabestetd E%V@EE%& |Gu) of the
ca(g ped with the top vessel section 402 formng the

subsitatend). The pholsphatedpdd growps GO andfomaslfonlc head groups
inserted into the upper vessel portion 402 and the
\608reacEWRRPnétaPredidlied 85Ptd gield eteriitally modified surface residues
655 that are removed from the substrate 600 and may reside in the reverse-
micelle core 614 andl_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, W1 5§3201), 25 pL de-
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were secured in place on the m xi ng vessel 420 thereby
effecting a pressure seal in the vessel 420. The
WOa8sé812820 was t hen charged with densified CORPCERB2005MH05587
the inlet port 416 and the nulti-conponent fluid was
allowed to interm x for about 5 to 10 m nutes. The

[OrfAsY, st @a%fur gtg §né'§rﬂ\%§?fo|%?ﬂlfd%ﬁ'lebmlcal Co,

conmercl a Iy pT o d t est barri er-opén

R RS LR S ERSerfafierpol (Atcrich

standard of about 725 pm The cl eani ng vessel 440 was
Ehemjeal Got, rMs!vmukeedmsfm(bﬁ @sarbaltemiative hammoniumpdOT

452: Transfer of the reactive cleaning fluid into the

BuKbMdte (RSS@FadRt ag bef dusstiasted Yool A(Mﬁw Solid
straight valve 530 in pressure connection with the

BRASLER FalgRIs K0, aadiaty %%ﬂ’ﬂ?eﬂqgf% ot ﬁg%%' section

time bel ow about 15 m nutes per wafer on aver _?
AB4cligrd censtilugnts(eadeo kO3 ware subseauentsaddady The bottom

i nstant case, the wafer coupon 600 had a contact tine

Vesdal seetion @0diassubgetparintly capped Withothtl top esbeldmution 3402
m nutes. Tenperature in the cleaning vessel 440 was

TEEhG e thifhg atacsd 0&&%%@%%@5@@%8@@% ‘@%sﬁ?%imo
&a‘i&ﬁéé%\ésts.%l bodion A0ARd 15 Verechaares A1BERY Gainping g 413
[0078] A rinsing fluid conprising about 5% i PrOH by

weresecured ineplackeonithe enixiogyeisbel 42ntrereby effeafing a pressure seal
i ntroduced to the cleaning vessel follow ng residue

rr?méV@éssfeNzodqﬁe%srs@P@z@ Wastheh tha ith lcRARifiea co;_ 630 via

[uird containing nodified residues 5 fromthe wafer

THETSE L TR N

test wafer coupon 600 follow ng cl eani ng using the PFPE
priesishainitas k yhedleaningvessat4diavas alspsprentorded wdihg
rinsing with a rinsing fluid conprising 5%iPrCH in

denshéicilly @r8cessed test wafer 100 of a barrier-open (BO) type having
dimensions in the range from 1 to 1.75 ir}ches on a side. Thickness was an
industry standard of about 725 pm. 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 5§55. 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 to
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TABLE 1. XPS surface analysis results for residual
copper for a OSG BO wafer coupon foll ow ng cl eaning
WRiZ0e5/081288act i ve reverse-micel |l e syst em conpri PICTGPS2045[005587
phosphat e/ AOT/ BTA/ water including a rinse with 5% i PrCH
in densified CO2, according to a third enbodi nent of

arivere h&f@fﬁtyllnmtemmve@@@ﬂnd’ hﬂﬁu\@bﬁﬂufﬁyﬂﬁ)v&%e critical
+

Sur f ace, at ons/cn?2 Untreated OSG BO 1.0
i .0 E+11 M cell e-Treat ed
ﬁ%@gﬂﬁcﬁg ?ugg&c atl on bel ow about 2 X 1012

048kssi ng YNNG, BWE SempsisREL @bsut §haiQly by VOIUme in the

standards. As shown in Table 1, copper residues on the

dersifiesu 0O fitid WGGOpm&rabI}emmm:e@ tehthet cléaninyOddssel following
atons/ cn2, substantially bel ow the industry standard

@toms/crrﬂ i S, consj dered vi abl e for comercjal waf

| . .
(bSOl Id dide 1R8N RO o he e e ERERInGE ¥Rl Bontaining
0 | i shed
A JeSGUBs Bop o s weis Sithee 690 tos on auer hue

In addition, results showed the base netal | ayer
[0878] , Cu)R©$Ultt$1e TeOles lipsesante XRB® analysis3esulds for residual copper
2005/ 081289 PCTI US2005/ 005587 preserved by addition of

fohgn OB GBOe8st wéiebichFoﬁSBtm fmléwﬂgaérebﬁ:ﬁdwﬁsuhgftﬁ@mFPE
system [0081] The instant system has been shown to be

BRI E TR IR Pyplat Yol M EFglistWith & ki huia

chem cal | i fying and renmovi ng them fromthe
CORIriRiRg 5&%&&[&"& iy densied §oaw  the reactive
constituents of the instant systemin conbination

effectively renove surface residues to a conmerci al

TABEE Pf XHS80rfacd ahalysizoreBURS R3rakidea| edppétsfor a OSG BO wafer

c%%r?ghrﬁﬂl%\n)l Rianifgtith af (BEUIV re RGEE TRBENE tSfstem comprising
FOBTAMAR? iRbluding a rinse with 5% iPrOH in densified

COy, accordmg to a third embodiment of the present mvention

Clean Type Wafer Type XPS Surface, Cu
(atoms/cm?)
Untreated 0SG BO 1.0 E+13
Reactive Reverse OSGBOC 4.0 E+11
Micelle-Treated '

[0080] A residue concentration below about 2 X 10'? atomsicm?® is
considered viable for cpmmercial 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. |n addition,

results showed the base metal layer {(e.g., Cu) of the BO substrate 600 was
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added nodifiers including surfactants, water,

hydroxyl am ne, etc. is preferably bel ow about 30% by
WOQ0e81288 t he reactive cleaning fluid and nor @CT/US2005/005587

preferably below about 2 to 5% by volune for waste

m ni m zation and/or handling purposes. [0082] Again,
prds 8, %dﬂ&irﬁ%fttfét cbRGsiBh SRAMBr Hs & TRYGFEE in the instant
mcelle “formng surtactant I's not sufficient or

effective in renoving residues alone. It is the
S¥ 'nation of constituents in the systemthat effects
renoval of residues. Direct contact with, and reaction
[8881ken, tlihe instantisystara\nassean showrdg behe reactiver $ystem given
chem cal agent(s) and the residues of interest is

ilgdti Eheralcal @ééngls if the\V@ERditidd FrRditmSIeAdtNVIBR\SRsHatS residues
PERFLUOROPOLYETHER CARBOXYLATE

o Rl PR S Al i YT S M EPHAG stov

i nventjon, cleaning and, renoval of tenacious netal

the seanlive qansijtuents, of Mpe insdantesystgmia sopbinaticry effgctively remove
2005/ 081289 PCT/ US2005/ 005587 denpnstrated using a

spefaté vesidups! tp- atdummertifE)evamabelesm, daclading preservation of the
sur f-act ant/ hydr oxyl am ne/ wat er system as detail ed

sgﬁgﬁét% PV o ﬁ)é?ééﬂorghﬁ' %)é?ﬁi@&ﬁ&j&%ﬂ?&é Jevsill. Concentration of

odi nment conpri ses uori nat e
ni um. car.bo te, 806 havyi

rfactgnt 806 of. PFPE-a I vin
agded Jnaatersncidag s tactans. drich YORExamingoatci s referably
densified CO2 phase 830. Again, the NH4' counterion
below abeut 3006 by yolemer inctheareactive claaning &aid andrinose preferably
fromthe wafer surface than is Na" ion. The fluorinated

bBlc OfE5UR0R 36T 6L N volGRE T Wast@Cinfifizatio @ind/or handling
reacti ve aggregates ‘820 or reactive reverse mcelles

i.n the densified CO2 medi um 830 wherein the
pgﬁ%ﬁ%&yl ate headgroups 802 align in close proximty to

surround and formthe inner polar core 814 of the .
[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/HYDROXYLAMINEMWATER

(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, efc) has been
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reactive aggregates 820. The PFPE tail 804 provides

solubility in the densifed fluid 830. Di nensions of
WORE0S (81282 core 814 and reactive aggregat es 82®CAVES2005/005587

defined primarily by the presence of the trace

quantltl es of reactive constituents or agents 825

r eac:g#%/}gatwg:}gﬁﬂ] sd 8%5B ﬁg@bgﬁ? ol %‘i‘%&e@f‘?ﬁfn&g‘ﬁ?&bﬁﬁtcaf boxylate

den|f|e fluid 830. In the instant exanple
e BT Sy, 49 Gelasanerel aiBa of
the reacti ve aggregrates 820 react with netal residues

g0084] i ntEhessysiem! di tle dhstant alrhbodindint | exmprsesiee $luorinated
855 which are renoved fromthe substrate surface 800.

ﬁ@ﬁre& nO%uFftB SHESBU6 | FOPEPE. gm,ﬁm 5 %rﬁ&§1%%e§0§5ﬁavnng .

e In e PO ar reverse nlcel e core

a”ﬁ Shate:Redogiub S 51 SLbEBR, taliH04 Foa deeaia oDz phase 830.

sel ected fromthe am ne cI ass of conpounds,
HAgaioxiheahhd dnsinterion fpr theenalhis pesfemed awit isxrionsieasily rinsed
Alternatives are preferably selected fromthe

FrdrAREAVARP stHRBs tRAn Q@NENBHS TS Nasmhaet '}gfcfPSb on surfactant

representative, but not excl usi ve. Concentrdtion O

HfherodnabRhol i RoRils rodeBles B0 B afeatveeise micelles

[ s@gr ef erabl y bel ow about 30%% volume in the reactive
the densitied Onresliym S whegeindhe warbexylsw hsadgroups 802

volunme for waste mnimzation, recovery, and/or

tedigel inngloper proxisity k® Bloubipand rfem ahe imher pokir core 814 of the
amoni um car boxyl ate surfactant 806 was prepared fo

135, S5gIAIE B2 P BEPR IR TSR IRIE g 58 conste
i 230 BiBsnsien éﬁhh‘éﬁ;nﬁ%fé%%%@i&?e?rsﬁ'z%‘% g280arspates 820 are
alternatively 38 pL of a 99% et hanol am ne sol ution. No

definedi mrimarilyi by ther presencedd dhie itrace quantities rof reasm\mconstituents
Contents of the vessel 420 were interni xed for a

gg;%q@}tgfngg&@ﬁoﬁnd%mwméﬁow coie g1 IDEpRdIMY 6n state, reactive
agents 825 may also reside within the bulk densified ﬂu_.ud 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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tenperature of about 20 Cto 25 C and pressure of 2900

psi thereby formng the reactive cleaning fluid. The
weQ005418128P eani ng vessel 440 was al so pre-| oade®@CTUS2HSANS587

over-etched commercially processed LKD "barrier open”

(BO test wafer 100 (e.g., LKD BO having di nensions

; 1.0 . . _
e 4, 68 5 el PP Pt A0 B2 APl L reacive
SForS 16 sl DS 7580 Y WG o st
cl eani ng vessel 440 was charged with pure densified

OuRirsizatian, recovene radlordantlind putpca@sC to 25 C and
pressure of 2900 psi via the inlet port 452 to

: 0 dess, : h : D
L[ggglﬁr'yno f e%ﬁﬁ%ﬂ@t%lpﬁéb ﬁﬁ?%ﬁgﬁ@.ﬁg fédorpb‘tx‘)ﬂéte surfactant 806
STRCblr S A ot e 2 el i St Pond B0a¢8ia0 wes
pressure connection wth the cleaning vessel 440

wchergad, withi g 63.80g PFIBk ammentitin carkoxyltate sucfastard 896, 32 ul of a

The wafer coupon 800 had a contact tinme tr in the

@@%iﬁydﬁgx_lyiémﬂfé sykitieh At Chemica CADMilwauKBe) WES3201) 825

or less. Tenperature in the cleaning vessel 440 was

SR HeRiatRRy S H4 = S o AndanindsbilyBaS i3 B4fGsh inhibttor was
SR ntrdonared shionSbheion bihiosse Bo Vereimarares for
substrate 800 was rinsed from2 to 5 tines with a

ipierisidngf ffdmi S-1Qominitesnby tdharging swith epuréodensified €O, 830 at a
ensure conpl ete renoval of the reactive cleaning fluid

eV inf d @ :

18782159 f RS0/ o3 PS I FERFREAEHS KAk orming
nal ysi,s results for Si . c er for KD BO

e ssdetire’ GRaning 18, BRI 6RRT o vesPel 2aVer &l sorpre-oaded
amoni um car boxyl at e/ hydr oxyl am ne system TABLE 2. XPS

with an ©vensitshed commeroially paocasspd drKBf'barriekopeo” (BOY test wafer
coupon follow ng cleaning with a reactive

Me0e(s8;,"LKE BO)shatieg divpkiodsnig fiePRange from 1.0 inches to 1.75
inches on a side. 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 pm. 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
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ammoni um car boxyl at e/ hydr oxyl ami ne according to a
fourth enbodi nent of the present invention. Cean Type

W0R0E08128pe XPS Surface, Cu atons/cnR Untreat edCIRIS2BG/005587
6.4 E+12 Reactive Reverse LKD BO 1.0 E+12
M cell e-Treated [0088] A residue concentration bel ow

e A g?ﬁgéf?irﬁimﬁﬁ%iﬂt@re SO0 R ?Htic‘!él %mr%ggg% CO; of about

conmer Cli er processi ng by current sem con

[ st andat ds. h in Table. 2, copper.,. . L
TR T Walarous il B s A8Fed imesl B grsmithsa rinsing
X 1012 atons/cn®?, evidence of the viability of the

ifld aanmprising dihee densified cofzefididato werfsare pamplete rgmotsl of the
in Exanple 3, results further ' showed the base netal

Iradetive elehningfiuid®cohffiniRE thabsiokiied @&dugss %ﬁ?l:@éhé@ from the

by addition of the corrosion inhibitor as ier 1n

tmﬁ' stem Maxi num renoval of netal residues
masegggﬁﬁg%i ed in about 5 mnutes or |ess on

averaﬂe. 42 WO 2005/ 081289 PCT/ U52005/ 005587 [ 0089]

9887 hst antRegultsni able dpewasedtionS analysis results forgesidual copper
system gi ven that chem cal agent(s) in the densified

fediairhKBaBO v barripubspert) eteseiotipen 800ebieadkly using the PFPE
nodi fying and renoving themfromthe surface. Results

f ' tuents of the instant
s%@gﬁnrqrﬁ}%%\gbr%%@ﬂ@@?%*%@ 'V é&érﬁémve surface

residues to a conmmercial |evel of clean, including
preservation of the substrate |ayers, satisfactory for
JABLBERIuXRS sprface srialygis e sesiduak coppesrof ashkW BO wafer coupon
dolfowingoalsaningdiwith d seactiver eendrsednitelleddyistarm eomprising PFPE-
effirohive daelbekylate/hywdreaylamine Geedring td asfeltih sMBBHiment of the

thresSertifvamighhi bi ts attractive commercial processing
attributes, including low quantities of nodifiers,

relativety Clean'Type  '[’ Wafer Type XPS Surface, Cu
, {atoms/cm?)
Untreated LKD BO 6.4 E+12
Reactive Reverse LKD BO 1.0 E+12
Micelle-Treated
[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 meodifier in the instant system.

Maximum removal of metal residues was accomplished in about 5 minutes or

less on average.




of constituents |endi ng'to ease of recovery fromthe
bulk fluid, lowtoxicity, mniml CD change, and high
WO8EHI8E188ani ng (about 5 minutes on average or PATAERP05/005587
[0090] As with the other system enbodi nents presented
herein, the presence of a reverse mcelle formng
' tant - tcn e [ j Vi :
TO080F 2" T, PRjart ysieih Pl [ierEhndiih 1 e 2 reB QR bi¥tem given
i.n.the systemthat . fects.repoval, of residuyes. Direct
Vit il rA0eada) dn e ettt Buaniuf e85 ool subSyRlE residues
interest, the reactive reverse mcelles, and the

chamidally rabdifyinglandarpemeying themdramitbaisurfa0€9 Results Iferther show
the preferred enbodi mrent of the present invention has

BREPoactaVEbrivRtLSis of ke fhstarit s}'yﬁiém b RPMARSESN EFetVRHE remove

skilled in the art at many changes and nodifications

Fted sHRTek{ood: o ERELIAL el of ol inBLAIG Rlsssyaton of the

intended to cover all such changes and nodifications
substaate layens.n satisfasisiry i for samicesgdector pmeessingenfRasults further
43 CLAIMS 1. A process for renoving residues froma

shoat makcerpdidnadshipiteviglingg fequiredt ky eachié®RMM Eifdctivd level of
conprising a densified fluid ichis a fluid that

KA e OB LA 00, B oo
PERESS Do AHRP S RPT IS 8P ERlies GhpRaMars Lelaiighy low volatiity

core thereof, the chem cal agent being selected to be:
o€ aonistikients Hending teesadaecof remmeinn drarmetheh bolke filidagent toxicity,
with the residue to forma nodified residue whereby

. , s
D O % A k) SR e AN TR n dverage or
esidue resides in the bulk densified fluid or in the

Eﬁﬁs r core of the reverse micelle. 3. The process

according to claim1, wherein said reverse mcelle is
1900Med byAm with the other system embodiments 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 remdval of residues. Direct contact with, and reaction between, the
residues of interest, the reactive reverse micelles, and the reactive chemical
agent(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 modificaﬁons 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.




il

cl eani ng conponent selected fromthe group consisting
of at | east one reverse mcelle-form ng surfactant, at
| east one reverse nicelle-form ng co-surfactant; at
| east one reactive reverse mcelle-formng surfactant
CquMSeactlve reverse mcelle-formng co- surfactant, at
east one reactive chem cal agent, and conbi nations
thereof. 4. The process according to Caim3, wherein
1. daprdcess- feurefrmmgmtesndmealfrom kydxbmtmlsurtzimewmmag aabhqtlve

cl e%%tgg;h Liltgl Egrgs%lﬁng, @BQ{]W ﬁglpéﬁgﬂmslgb% ﬁb@t wc?uld %e agas at
stﬁda?@@ﬁﬁfér@@?@an@bfess&r% Bt kichhiisyd derfsitl bPfeoRidabde its

odi Or, ~ammoni um AOT, derivatives, salts, and
critical denaihaisaidglensified iuig qomenrisig, a @verﬁeenpe%b@eng a chemical
ag%ﬁﬁﬂéé&gr %&F %é}bgﬁuﬁe é’r{é §él %gé@t‘ &n‘l’{%ej#él}%@ﬁ %Fedcﬁhéa\gith the
regﬂﬂe nbad:tlr? thel cheraicahager wﬂ?ﬁhl@eh (Esitueds famca nebdifedt remgue

im1, t her . conprising the ste rinsing sai
Wit Wgirmodlied eai g it T MR TaGed compr st ng. up
to about 30% nodifiers by volunme. 7. The process

2. ACHBEN L &g éﬁh'aalm 1f\HﬁérEﬁF the MBifled rﬁgdhé??es?ﬁ&qn%e bk

rinsing sal ubstrate with pure densified rinsin
denkified ﬂumi40r8n tHENRo 3T ace sbthagewerse nycealle. Cl ai m 6, wher ein
said rinsing fluid is a mxture of densified CO2 and,
difier selected from consi stin

fq@g%roq@éaqccgpaq to&}alrg thﬁg&ll'(l:l Bﬁ' r?\ﬂ?ﬁ% B}lcellg% qrﬁgldzdg{/' a

clQINARESTMBSHENE SélBétet FroM ﬁiefqr&dp %‘r%rsﬁ?lh@ of at iast die r@Gerse
fluid conprises up to abou 15% by vol unme i PrOH.

mitale-formingssyrigetant. At inast onmeaverse rsigele- mglgfq%wfactﬁrm gtdeast

on% r%%:&Weq'e%rgg nﬂcéll%%ﬁ’ﬁ?& YWfa téﬁtfdPég%aME 3\89 %Bﬁﬁ%é f&mlng co-

usive ssure om a

suwﬂacﬂanﬁ ia¥ ti-;as’amb readtivesthiemiadiagent and lcbmbaiatldmmeteoff or
the densified fluid. 11. The process according to Claim

1, wherein said chem cal nodification of said residue
4. J(S‘RFW PaRss ageondingste (A ¢ cMareipFalkeQByriastant &han AkY A% p
t ca
ph%gpﬁétg,l %{rﬁﬂ v?e% rﬁg?gugltk}zl %h@fgg%ﬁ%tbg‘rég@!(él%hol perfluoroalkyl
alcohol, dialkyl sulfosuccmate bis- (2-ethyl-hexyl) sulfosuccinate, AOT, sodium AOT,

ammonium AQT, derivatives, salts, and functional equivalents thereof.

5. The process according to Claim 3, wherein said co-surfactant is a non-C0,- philic
surfactant used in conjunction with a CO,-philic surfactant.

6. The process according to Claim 1, further comprising the step of rinsing said
substrate with a densified rinsing fluid comprising up to about 30% modifiers by
volume.

7. The process according to Claim 1, further comprising the step of rinsing said

substrate with pure densified rinsing fluid.
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exchange, associ ation, dissociation, or conbinations

t her eof whereby dissolution, solubilization,

conpl exati on, or binding of residues occurs whereby

sai d residues are renoved fromsaid substrate. 12. The

8.9THa §§es§ %‘rﬁﬂst@laq gl Nﬁérgln\(’jg}% ﬁﬁé?nqsﬂﬁlg r|]s,re £kl

cl e reduce range ?rom
dexis i &d Gﬂztamdsa inmaglifies isetectetiIronT the groop eemistmgcnfd?n@j—l tHR20,

[ 4 Wherei.n sai t|ve cleaning fluid has a
Mge)ﬁlpg}é'f‘u‘?reco “?¥°é'§3*b$f8 above the critical temperature
and critical pressure of said densified fluid. 14. The

9. mhe%&s@%%m.@ot@aﬁ 8i Whdrein'3®d Bhding fid ceﬁfgfg to about

uid is selected fromthe group consisti ng
1%@X|V§b!mﬁtlﬁr@Hod| fI uoronet hane, ethane, ethyl ene,
propane, butane, sulfur hexafl uoride, ammnl a, and

1R HPEesRAE e SgroiE sl LbnRiiEamig 1§ Ginyth & fampertr
fréni abagt 20MC td 25 €C IRIRRk, &Prasurdrdh @%G@s@&; 'td> 8000 psi
ani oni C, cationi c, non- i oni c, zwtterionic,

inglusive.rnd arensity abewe a cyecalﬂnembfrf@b@esie@érﬁga aundg to
d ai m 15, vvhere| n said anionic reverse-mcelle formng

1R PEORRS acfordiioiicn | sl sAlQdripll &l lad bt seic
reFlERE cpﬂmpasdsaatdeastainbyéadmhfselmtmrorb tise griodp ebhsibtirgPof
e T R S B A S ] Sk
e%Hbﬁé@%§§6@ﬁfoﬁ dfslsyaéﬁ%gﬁ g&m@ﬁ&ﬁﬁ?ﬁ%h%ﬁﬁwhér‘eﬁﬁﬁ%%ﬁgﬁ‘

phosphates, fluoroca onat es, and conbi nati ons
saluhilizatien, CDVnplamoDrwmn@oﬁesdua@oc@r@vaembyﬁsald/\neeldeem are

BB P LR ST Soctyl ammoni um T1 uor i de. ¢l ass of

conmpounds. 18. The process according to C aim 15,

12MT@E Provessiadcsaing toGCIginT ﬁWefi@in Saferebétivel dedRiIMPfiuid has a
surfactant is selected fromthe

regitar dansify imibe acee tiomabput bihdinckisi¥es of  conpounds.
19. The process according to Claim 15, wherein said

1§%E$?5ée99 iaﬁcérﬁl\ﬁ%rtg%lgﬂncﬁlv{lr?erein said reactive cleaning fluid has a

temperature and pressure above the critical temperature and critical pressure of said
densified fluid.

14, The process according to Claim 1, wherein said densified fluid is selected from the
group consisting of carbon dioxide, chlorodifluoromethane, ethane, ethylene, propane,

butane, sulfur hexafluoride, ammonia, and combinations thereof.

15. The process according to Claim 2, wherein said reverse micelle forming surfactant
is a member selected from CO;-philic, anionic, cationic, non-ionic, zwitterionic, and
combinations thereof.

16. The process according to Claim 15, wherein said anionic reverse-micelle forming
surfactant is selected from the group consisting of PFPE surfactants, PFPE
carboxylates, PFPE sulfonates, PFPE phosphates, alkyl sulfonates, bis- (2-ethyl-
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formng surfactant is selected fromthe

al pha- phosphati dyl -choline class of conpounds. 20. The
process of Claim1l, wherein said reactive chem ca

agent is selected fromthe group consisting of mnera

he{h Q@Ifosﬁbéiﬁéﬂeg Esdcfilih Bigdi( ﬂatr@pﬁﬁ%r&ﬁomnﬁ@é EPmORigATIS (2-

am ne

aci d gﬁ{ gen- contalnln
etfw'%amd) qsggcmierfdmrmborma;baméates duomtashorepnibsphates,

e ess according to
u%tﬁ@o%uwmﬁaet%g‘i %&géq%&ﬁ?t'nol'?g?&ggfds are selected from
the group consisting of HCl, H2SO4, H3P04, HNO3, HS04 ,

17HZR&proddBd 4ecitbipgRb Tsim ﬁsslmd»%relﬁgaud catbihie Pé\lePSe-niddk forming

di ssol ution products, thei'r salts, and conbi nations
suffagtaBlys selegted from thy tetasetylaprarnium Jlupaderiassbenmpounds.
wherein said fluoride-containing conpounds and aci ds

r E
165 e BEOERS SERppRBh SPait F BRI R R e st icate
forpring esaciantas délectetidront thienpohBethvieae etite-sadekybethencass of
acids are selected from the group consisting of
COBROKBAY ¢ aci ds, phosphate acids, phosphate esters or
their salts, their substituted derivatives, and
1CeRP W?c%%?\%ﬁc&rﬁﬁﬁqeblﬂ%ﬁ 5 Wierdif Qﬁlﬁﬁlﬁ&%ﬂfﬂ‘eq&s c?mcelle
Clarm 20, ereln sald oxygen-containing conpounds are
forming sudactamtasrselreted fromptheciphasphosphefidyd-2holowotiass of
functional or reactive equivalents, and conbinations
CO{T}?@P@%? 46 25. The process according to C aim 20,
wherein said al kanolam ne is an ethanol am ne. 26. The
20I0'Tﬁ§ 9?&e§§ oPCHirAgl weféuﬁrsaruifr@act% %hsmrbaﬁagéhtma@ctéé from the
hydr oxyl ami ne. 27. The process according to O aim 20
grofreensisting of miegral seids duprids- §oraaleth|C@nmougé$ apd agidsr@ganic

<o BB SR PSPHAIE SR proc,pe

anﬁﬂﬁma amﬂcmmbﬁﬁﬂ'dhs tbsmof.c acid, or conbl nati ons
t hereof. 28. The process accor di ng to Caim 20, wherein

S%I d peroxides are selected fromthe
21. The process according to Claim 20, wherem said mlneral acids are selected from

the group consisting of HCI, H,S04, HaPO4, HNOs, HSO04", H2PO,, HPO4Z, phosphate

acids, acid sulfonates, their dissolution products, their salts, and combinations thereof.

22. The process according to Claim 20, wherein said fluoride-containing compounds
and acids are selected from the group consisting of F2, HF, dilute HF, UdHF, and

combinations thereof.

23. The process according to Claim 20, wherein said organic acids are selected from
the group consisting of sulfonic acids, phosphate acids, phosphate esters or their
salts, their substituted derivatives, and combinations thereof.

24. The process according to Claim 20, wherein said oxygen-containing compounds

are selected from the group consisting of 0;, ozone, functional or reactive equivalents,

and combinations thereof.
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group consisting of organic peroxides, alkyl peroxides,
t-butyl peroxides, hydrogen peroxide, substituted
derivatives, and conbinations thereof. 29. The process
in accordance with Caim1l, wherein said reactive

25 TRa prdt@st bEstdingQBRIAIRESD, Whetdin @Qi%%%% Xe ¥4r!mE  Of
reactive reagentsS and/or nodifiers. . e process in

ethanpianaidfce with Caim 29, wherein said reactive
cleaning fluid conprises about 2 to 5% nodifiers by

valune incl udi PFRE .ac hosphat.e, .ACT, 0, or
26, ShE Pirsere ascyRade Cainsed, wharal satcinine sucboaiarae
with Caim?29, wherein said reactive cleaning fluid
. . 0 L . .
TEIBrSSSsshaynd Lo AR Pttt 1) e
selgctesbingn e powe consisting of EMtarEdiones ol 4 pentanediones;dance

' aj i n.sai acti ve ani ng fluid
PE Rl RES T oHRIRl By EOyi R EBT AR ot o
coobirextions #idresf i n the range fromabout 0.1%to 1 %

i nclusive by volunme. 33. The process in accordance with

Claim 32, wherein said corrosion inhibitor is selected
28 Thenprasesy peeqsdiee to &ipiot 20, wherain said peroxidaseare selacteddram the

or 51334 of BB ROterodtes, S ORFLELIRIEERSAL: nidfogen
peByide, Bubstitaled detibativies uarebicatainatidnisieereoind combi nat i ons

t hereof. 47 34. The process according to O aim 29,
erein sajid reactive cleaning fluid further conprises
29,

BePrasessLReaoEtanceywithdrlali: 1 Waergt s reaotive cleaning fluid
‘ . Lo .
Y B o S L e o P OE e ok Ber.
35. The process of Claim1l, wherein tinme t, is about 15
30mTherpexess ol actovdancavithTlleinp29,crissreinfsaldl mastivie cledvéng fluid

time t, | ess, t han. abput 5 m.nytes. _ Th rocess
coliers, ahich 2 32 bty B vt Bk ERa B B, anit phcphales ACT.
H.0r SldbnesiRgtichsitRéreopf organi c residues, netal residues,

etch residues, non-netal residues, polyneric residues,

and conbi nations thereof. 38. The process of Claiml,
31wihbe erasesairdacessdange with Glaim 29.swherein saist eglactive cleaning fluid

comprises about 3 to 5% modifiers by volume including PFPE carboxylate,

alkanolamines, hydroxylamine, H;0, or combinations thereof.

32. The process in accordance with Claim 29, 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.

33. The process in accordance with Claim 32, 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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39. The process of C aitl 1, wherein said residue is
sel ected fromthe group consisting of Cu, A, Fe, Ta,
and conbi nati ons thereof. 48

34. The process according to Claim 29, wherein said reactive cleaning fluid further
comprises about 5% modifiers by volume including PFPE carboxylates, amines,
alkylamines, hydroxylamine, benzotriazoles, catechols, and combinations thereof.

35. The process of Claim 1, wherein time t, is about 15 minutes inclusive.
36. The process of Claim 1, wherein time t, is less than about 5 minutes.

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

39. The process of Claim 1, wherein said residue is selected from the group consisting
of Cu, Al, Fe, Ta, and combinations thereof.
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