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[ 0003] The capillary forces within high aspect ratio structures are

descri bed by the Young-Lapl ace equation, wherein said forces are
proportional to both the air/liquid ce tension of the liquid within
the structure and the cosine of the contact angle between the liquid and
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di stortions and col |l apse still occur during drying using the conpositions
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sai d 'fﬁ'etdaﬁi(ﬁary forces present during drying often cause distortion and even collapse of the features. These

distortions can interfere with device operation. Specifically, this is a severe problem during the wet
etching of the DRAM or flash memory storage nodes and limits scaling more aggressive geometries such

as 25nm and below. It is also expected to be an issue for cleaning STI (shallow trench isolation)features,



conprising: contacting the surface of the high aspect ratio feature with an
additive conposition to produce a nodified surface, wherein forces acting
on t he hiwb apeeds7rati o feature when a rinse sol ution PETiUs2@ioNiBeT W t h
the nodified surface are sufficiently mnimzed to prevent bending or
col | apse of the high aspect ratio feature at |east during renoval of the
rinse solution or at |east during drying of the high aspect ratio feature.
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wherein forces acting on the high aspect ratio feature when a rinse solution is in contact with the modified

surface are sufficiently minimized to prevent bending or collapse of the high aspect ratio feature at least

during removal of the rinse solution or at least during drying of the high aspect ratio feature.

[0006] In another aspect, an article of manufacture is described, said article comprising an additive

composition and a modified surface, wherein the additive composition comprises at least one surfactant,

at least one organic solvent, optionally at least one co-surfactant, optionally at least one defoamer,

optionally at least one buffering agent, and at least one stabilizing agent.

[0007] In still another aspect, an article of manufacture is described, said article comprising a

modified high aspect ratio surface, said modified surface comprising adsorbed surfactant compounds and

a rinse solution, wherein said composition in contact with the modified surface has a contact angle in a

range from about 70 degrees to about 110 degrees, and wherein the modified high aspect ratio surface

comprises doped monocrystalline silicon, doped polycrystalline silicon, undoped monocrystalline silicon,

undoped polycrystalline silicon, silicon oxide, silicon nitride, amorphous carbon, gallium nitride, titanium



[0012] Figure 3 illustrates the general process flow for evaluating the
contact angle of nodified Ru surfaces. [0013]Figure 4 illustrates the

cont act awgl2er/mfesDl water on bl anket Ru (ALD) treated WCThiSdéififoersent
formul ations. [0014]Figure 5 illustrates the general process flow for

eval uating the contact angle of nodified polysilicon surfaces.
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have a contact angle of about 90 degrees. Under these conditions, the

capillary forces are expected to approach zero. [0018] For ease of

reference, "mcroel ectronic device" corresponds to sem conductor
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[0014] Figure 5 illustrates the general process flow for evaluating the contact angle of modified
polysilicon surfaces.
[0015] Figures 6a and b illustrate the contact angles of DI water on blanket polysilicon treated with

different formulations.

DETAILED DESCRIPTION, AND PREFERRED EMBODIMENTS THEREOF

[0016] The present invention generally relates to methods of reducing the capillary forces
experienced by fragile high aspect ratio structures during drying hence substantially preventing damage to
said high aspect ratio structures during drying. More specifically, the present invention relates to methods
of modifying the surface of the features such that the contact angle of a composition at said modified

surface is about 90 degrees.



m ni m zation of high aspect ratio feature bending or coll apse. Mre
specifically, less than 10% of the high aspect ratio features will have
bent or cwblapsededuri ng dryi ng of the structure havi ngPsaiu$2dieateusnes

t hereon, nore preferably | ess than 5% of the high aspect ratio features

wi || have bent or collapsed during drying, even nore particularly |ess than
2% of the high aspect ratio features will have bent or coll apsed during

dryin d nost prefer y less than 1% of t ig ratio f ures
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microelectronic device wherein the aspect ratio (the ratio of the height of the feature relative to its width)
is greater than 2:1, more preferably greater than 5:1 and even more preferably greater than 10:1. Features

having a high aspect ratio include, but are not limited to, front end of the line (FEOL) features such as



phase plasma etching processes, e.g., BEOL dual damascene processing. The
post-etch residue may be organic, organonetallic, oligoneric/polyneric, or
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nodi fied surface at rinse timet = x is no greater than about +/- ten
degrees different fromthe contact angle of the nodified surface at rinse
time t =wWO2eip@é6n X is in a range from about 60 sec t@CasLM116¢B4Tec or
nore. Preferably, the additive conposition is blended in situ in the wet
process tool. Preferably, the surface of the high aspect ratio feature
conprises titaniumnitride, and/or ruthenium (e.g., ruthenium ruthenium
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[ 0034] I n anot her enbodi nent of the first aspect, a nethod of nodifying a
sur f adhgpPst Fiig Acaliap hen the rings soRiioy isginjcgntard Svith; themodifigd tprives w6 UIEBHM si ng
cont aGhihinfzcihe pevéd BERINM dr RoRps@BItthE hise aGREPAED Th@Re dt Qealf REHHE SondbvAHithd ed
surface, wherein a_ rinse sglution in contact with the nodified surface has
a cont#es solnigner idpring dryingef fhedrighaspent raty farivice derecnading op therljshyaprddatio nor e
pr ef erfglairy inrdRAs buBhec AR GBS td thePRAU e JifiBr-ARINLES sidNH tH¥Sdh RpRf AfidRhrabout
85 degrees_and about 95 degrees. Preferably, the surface of the high aspect
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silicides, paolysilicon, silicon nitride, and/or rutheniumcontajning.
conpo®ASTYERIIRC piligery siRen Ay SYispn ABHLS PeYRgowy. uRrplans GarPon (e IRy wﬁa‘daxi de,
r ut he Ridain hfirided @antaRinh @ftridebt Q8RH MiGIAO L BbA S18ciERNMRIOKIAficidey, 88Y¥r fAERiuRAL | ON
t hereof Preferably, the additive conposition is blended in situ .in the wet
pr oced$gt gEheniupy gtgnigp ypxide pathepinmapiiidgs othg upheyimeceniaining camp epndea oY Py
conpr ics@binktidnakdrabm ni tri de, and/ or ruthenium (e.qg., ruthenium ruthenium
oxi de, rutheniumnitride, other rutheniumcontaining conpounds), or any
conbi nati on thereof [0035]1In still another enbodi ment of the first aspect,
a net hpde Rfpeodi fying a surface of a high aspect ratio feature is
described, sald nethod conprising contacting the surface with an additive
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Wit Gatlol R5Ere SOHULARE, saWBEBINcInbpiSBe SOMAh®9 shiface AthamtadWhil O cdrhiRsipetd 1 ed
surface has a contact angle in a range from about 70 degrees to about 110
degr e@8dughn modified apfss yhatstua 1igs sglefeeiscopigetatiduhe 195ifige g¥rése hasghepnirsst
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degrees. Preferably, the surface o i gh aspect ratio feature conprises
gal | i dierhbept Qedegieps tagbavinl Hi degrege ,m%WF%WBg’sabé‘&rgééiﬁg,m%séﬁﬂ%uh}ﬁ5rﬂegli€f35dé@,
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nitride, and/or ruthenium containjng conpounds selected fromthe grou
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additive conposition is blended in situ in the wet process tool.
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nitride, other ruthenium containing conpounds), or any conbi nation

thereof.. [0036]1t should be appreciated that "maintaining a contact angle
on the surface of a high aspect ratio(;eature during a rinse" and

"nodi fying a surface of a high aspect ratio feature" is preferably done to
substantially prevent high aspect ratio feature collapse. [0037] For the

pur poses of the present disclosure, water is not considered an "organic
solvent." [0038] The hi gh aspect ratio surface can conprise galliumnitride,
titaniumnitride, anorphous carbon, tantalumnitrides, tungsten nitride,
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time is dependent on the thickness of the sacrificial oxide |ayer, the
tenperature, the concentration of the BOE or dilute HF solution, and the
anount ofwetnryizmg7or agitation occurring, as readily deCcermuskoedd44y7t he
skilled artisan. The conposition conprising a BOE or a dilute HF sol ution
is substantially devoid of hydrogen peroxide, sulfuric acid, and amoni a.
[ 0040] The surface preferably contains titaniumnitride, ruthenium and/or
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conbi nation thereof, and IIfBreln = any integer from1-12. |In another
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phosphonoacetlc aci d, dodecyl benzenesul foni c acid, dodecenyl Succinic acid,
di oct adecyl hydrogen phosphate, octadecyl dlhydrogen phosphat e,
dodecyl am ne, dodecenyl succinic acid nodi et hanol am de, lauric acid,
palmtic acid, oleic acid, juniperic dcid, 12 hydroxystearic acid,

oct adecyl phosphoni ¢ acid (ODPA), nost preferably dodecyl phosphonic acid,
oct adecyl phosphoni ¢ acid, or a conbination thereof [0041] Non-ionic
surfactants contenpl ated include, but are not Iimted to, polyoxyethyl ene
Iauryl ether (Enalnln NL 100 (Sanyo) Brij 30, Brij 98), dodecenyl succinic
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chl oride, dinethyldioctadecyl ammoni um dodecyl trinmet hyl ammoni um

hexadecyl t ri net hyl ammoni um p-t ol uenesul f onat e, di dodecyl di net hyl ammoni um
brom de, WO 2012/027667 PCT/US2011/049347

di (hydr ogenat edt al | ow) di et hyl ammoni uncthl ori de, t et rahept yl amoni um

brom de, tetraki s(decyl ) ammoni um brom de, Aliquot(r) 336 and oxyphenoni um
brom de, guani di ne hydrochl oride (C( NH2) 3Cl) or triflate salts such as
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[0036] It should be appreciated that “maintaining a contact angle on the surface of a high aspect
ratio feature during a rinse” and “modifying a surface of a high aspect ratio feature” is preferably done to
substantially prevent high aspect ratio feature collapse.
[0037] For the purposes of the present disclosure, water is not considered an “organic solvent.”
[0038] The high aspect ratio surface can comprise gallium nitride, titanium nitride, amorphous
carbon, tantalum nitrides, tungsten nitride, cobalt silicides, nickel silicides, polysilicon, silicon nitride,
and/or ruthenium-containing compounds selected from the group consisting of ruthenium, ruthenium
oxide, ruthenium nitride, other ruthenium-containing compounds, or any combination thercof. In one
embodiment, the high aspect ratio surface comprises silicon nitride. In another embodiment, the high
aspect ratio surface comprises ruthenium, for example, at least one of elemental ruthenium, ruthenium
oxide, ruthenium nitride, and other ruthenium-containing compounds. In still another embodiment, the
high aspect ratio comprises titanium nitride. It should be appreciated by the skilled artisan that the high
aspect ratio surface may be pre-treated, depending on the surface to be dried, to remove contamination,
residues, sacrificial materials, or combinations thereof prior to exposure to the additive composition. For
example, when the high aspect ratio surface comprises titanium nitride, a sacrificial layer can be removed
to produce a starting surface.
[0039] When necessary, a sacrificial oxide layer can be accomplished using a composition
comprising a buffered oxide etch (BOE), e.g., a buffered HF solution or a dilute HF solution. Buffered
HF solutions are preferably formulated by combining HF with ammonium fluoride in water (e.g., 5.5 wt.
% HF (49 wt. % in water) + 16.4 wt. % NH4F (40 wt. %) in water) + 79.1 wt. % water). It should be
appreciated that the BOE is not limited to a buffered HF solution and that this specific buffered HF
solution is proposed as an example and is not intended to limit the buffered HF solution in any way. It
one embodiment, the composition used to remove a sacrificial oxide layer can further comprise a
surfactant to improve the wetting of the BOE in the high aspect ratio structures. The resulting surface is
preferably hydrophilic in nature. Conditions for the removal of a sacrificial oxide layer include

temperature in a range from about 20°C to about 80°C, preferably about 20°C to about 30°C, wherein



[ 0043] Ani oni ¢ surfactants contenplated include, but are not limted to,
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co-surfactant. In still another enbodi nent of the second aspect, the
additive conposition conprises, consists of, or consists essentially of
surfactant, at |east one solvent, and ,conponents known in the art to renove
residue (e.g., post-etch residue renn&g conposition). In still another
enbodi nent of the second aspect, the additive conposition conprises,
consists of, or consists essentially of surfactant, at |east one sol vent,

at | east one co-surfactant and conponents known in the art to renove
residue (e.g., post-etch residue renoval conposition). In other words, the
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[0069] I n still another enbodi nent, the method of the second aspect can
further include drying the nodified surface subsequent to rinsing. Drying
may be effect uated using a spin dry; vapor drying using isopropanol (IPA),
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pol ysi?f JeahAne wifpgtangfo a%e‘red@e Stglvlllﬁ.‘/coé HRCSOmPPSIOn, EPTRG AR Ii‘ﬂﬁ't“?l]étﬁé’f theafditye

Pre- t e@pstRdvh a6 tb%r@%cmﬁérb sérast %&oﬁ%b@%aﬁ@slmﬁlﬂ@rﬂgmﬂ 1nBlﬁ@é1§arl((ﬁylﬁb ,
wet treatnent) known in the art. 0711 Accor di ngl in still another

enbomaﬁlémw%g hetraRoR GrodigR; ‘ﬁ]&fﬁlﬁg éfuf’? legted f&fm &‘wh% RIS pebt (aplikylene

f eat UrcRaihsS pRESMIY O, 38 6r ORI GORE %] RPuBLE thiFi€adid, POintifiteacil bRGEIdOf
the high aspect ratio feature to remove residue. and/or contani nant. nateri al

f r om tHEPesigrFidead 1¢ hydiphgtefercids r fRErtiyely 96 furhlitionothp plabififyeageife fin include

cont aGhidi@ind HE1, SHAta 6t Wadaseidtr ARbelildnhnYh e AR dnkcRndsQ1fRRAUE R ofy1 BRI ed

surface, rinsing the nodified surface with a rinse solution, drying t he

modi flaééfors‘t’f’rt?race wherein the rinse solution in contact with the nodified

surfaggosmgs a @ARLAShe ARPRtddNhA thaRiERivE EQRDRPBH ban/RriHE HARR af RaRBAUEccl 10

degrees, nore preferably about 85 degrees to about 105 d%lg);ees and nost

pr ef eraditalspapigutt g5t eRsgpeeshamaercabotfcagmng diyingagent pr epepoamtination pidhaiifeace

of thenpirgh r&'ﬂ%@ﬁ@%mé@éah%e IE S ﬁorﬁQ{Epg‘éblﬁ)e&nﬁgi?@%fq%i}dr%ﬂl%@dou@ﬂ&ﬁﬁy)ﬂ%x% l'ine
ne

Si, doped or und qult ol crysta | i l'icon licon dioxid
a

si | i covugnetBHAR bu @dﬁﬁ{%@ﬁ? @h%H'ﬁhéiFP@éﬂyl@Plé@ P semptiopnhersel. aBkcordtashed
usi ng 0@9Yonre§§ﬂa9%€9re§1ﬁ %vablume@ (&% chfidan! MERGLIBMN bk RWB abtht tALnAGde
[0072] Still another aspect relates to an article of manufacture conprising
a nodibhpsgborisiaghydidpect ratio surface, said nodified surface conprising
adsor t[@&il*c}ur f agd @Iﬁtenﬁ)%g%i{pﬁsth@ﬁgt Qspédt r{ﬁ@a(ﬁﬁ’(l@tcbﬁl OSItM%Bﬁblnse§ adogswts of, or
conposition in contact with the nodified surface has a contact angle'in a
r ange cpisssth Girolisllyad serégtaatandiap leays one solvat. dagmetber, cpedinghiesfehnfistspepb dbd | ed
hi gh aspect.d E&‘%F)él@oﬁs(%&%ﬁge@ SoRETRE bis glscoqglﬁggss%lallm surfactant, at least one solvent, and
2012/ 027667PCT/ US2011/ 04934/ undoped nmonocrystalline Si’, doped or undoped
pol ycry &eg| dne rre-sgifactang| i istill @agther simbjodisgnidplothe diast aspict, thi agritiviej ehapogition
conbi nghihs LAGHEE (LrOQ)Ylgﬂ;tL %séhﬁa'u!y ARG SORE MR Lo ERE al?iﬁddtfléa%ﬂ one
surface Is reset usin hermal processing, reactive ion etching, or

pl as maleRping agang hingggot q:r@g@g@@gnt of Hierfust Ag;}y@tcthe additive composition comprises, consists

of, or consists essentially of surfactant and at least two solvents.In yet another embodiment of the first

aspect, the additive composition comprises, consists of, or consists essentially of surfactant, at least one
solvent, and at least one defoaming agent. In another embodiment of the first aspect, the additive

composition comprises, consists of, or consists essentially of surfactant, at least two organic solvents, and
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[0074] In a third aspect, additive conpositions are described, said
conposition conprising, consisting of or consisting essentially of at | east
one surf awDant2/022d67| east one sol vent, optionally at | ea®CTaIs@011/049347
co-surfactant, optionally at |east one defoam ng agent, optionally at |east
one buffering agent, and at |east one stabilizing agent, wherein the
additive conposition nodifies a surface of a high aspect rati o feature such
that a rinse splution in c nta h.the ified su as a contact
angl e I PGB Bt Yo Tise readey Sk rotb Pe i aREbeT Tons
of theommvsemtcbmmsrm;wr baqsembegénteﬂiy|oﬂstﬁfavm1den&ar1¢aettwo efgaﬁlpe@va‘ntsc
formul at si.ng the c onents descr.i bed. herein. itions of .the
i nventlﬁt#% E?feé%’&bdtgé&ati V& SRS g R 'tb‘§/ Bt ?B%Inht‘? dhet %ﬁlﬁﬁt“ﬁtli’%ﬁ’@}esas
her ei ][fatdwettg mraeu&utvm{ mﬁaﬁﬁdemad the[ fORDIbh Bf @lkbatiny Eltredn) nﬂﬁ@&%rfaic@ A%, a waemei n
specific c n of t conposi tion ar i scussed in reference
per ceﬁtl%t&]é?? %bg%tq TRePt Trgross: PETT I ARt o ﬂ?&rees ﬂtewrn%éolt}t?aeﬁﬂe fﬁavet hat
SlﬁlCh @@ﬁp@neﬂt\&tsnmygtge ﬁﬁfea&@ﬂi‘d stRktuAeeMde; the cyiidt ﬁhgse speathble nemaaeidmget s of
t he conposi t and t hat nst ances conpponent s are_present
t hey n%r‘émbu‘@‘sré sglpti (ﬁé%eﬁt‘er Srfaghaneleso E g“éd BB ECHR: e PEd Cehts "based
on lth%retaet hhn H\ﬁiugﬂ/t te@fdedrbts dﬁ&?ﬂﬂﬂﬁl&ﬁqh&mogﬁct\dﬁgle bftwﬁqhdlﬁedmﬁﬂal &'bfct&ns'tl’tﬁne t= .
enpl oye 0076]. The co tions des erein are easi ormu y
si npl & gHHrL”PlXolﬁ“bt‘ r"tnﬁ%gglé‘ %‘Et VE t"r?% dﬁ%gﬁt“s"ratﬂﬁ%t@& aﬁa“t’% 8%5@#&%&
condi trésQis nFmtrtntiﬂrdmfammahble (€QNPAFiat memﬁayeiayf bhefac@adichying afieli@inggl a8 a
si ngl formul ationg o | t rul ati ons that, ar ﬂg
the p [ n udl "parts
h g’?ﬁ ﬁquﬁgélue B SFRFGDl méu S%%F #ﬁ‘étfoﬁ‘ﬂteﬁ‘f icBHatonTasqdngft @?irin

of t h@)rd’ﬁdﬂﬁ?é omfftreﬁtlenmle@t FutherTei abgitivd mq)foahmt Peutise@tialrdeldd of Qéa@fﬁ:&@iﬁ t ank
upstreamo { 00 e concentrations o t.he respective in nt.s may
be wi a@rwwﬁ‘ at# %ﬂﬁnﬁ‘sc& fgiagetiy ueh iy sgarpathylgieilagans gpd fetrprpeihyl pil dleﬂ}’f@f‘@

di | ut en®ho e@wrgcaﬁem stemtalﬁeadoaplmga@dns &t thd dutfa&etraﬁbgésezlﬁyad evecmbetthetlhehod of the
corrpo tions es elncnvartos nd. a ernat ve

consi éjt“tétpe&tc?ﬁ%tl ‘t“{ IE’E t%tl‘éﬁtar“;}al fdeéiﬁﬁi Egﬁﬁ/ﬁﬂ TS #%u%rl?fﬁ‘ggg%gﬁsst ent
with tiha ﬂm&.C%p&weepﬂaeg@gmess[ e 0]5 W oxaememﬁd dbratﬂptlesst]theet (agbcbwtj 23/ &nd mosth
COfT'pOSItIO (0] rrses odecC 0S oni C aclj I n anot her e odi ment t he
addltPvgﬁégﬁﬁﬁg?tWﬁﬂheﬁﬂﬁ??ggggﬁég GeBPPRBsphonic acid. In still another

enbodi[osB], t heoasdipuipéses CFTROFictdn® BisEINIRY, I8 %ach@XAdEGIch) ptt@sptaantinﬁmcﬂod I n
anot her enbodi nent, the additive conposition conprises at |east one gl ycol

et her SEBYDSHE 4AHvScanpositen omthe swiface ylipningiin maolyme ahhe G sampogtion);

dodec yly RbASRNEG MicGuAsdedvithtBbthadeayiphas phaki & Medd soBaf afigxadeanhdasRioni c
acid. In ¥et anot her _enbodi nent, the additive conposition conprises at

| east SHH@ 66| VEIE)” etaditvg Sptpg?ﬁtlonat M| %tl]&h dhe ygyface with an additive circulating
2012/ QP& #RET6HWS2AT bedRd e thefRamhiier sdeihhiquabd whidchUhd AfitRB Eorﬁ%isﬁi%h@ﬁ
fromthe group consisting of dodecyl phosphanic acid, tetradecylgla Ehonlc
aci d, PEWE tHEB?aF&E‘&S}I‘ﬁH‘o%‘% Ayfee ohir &lghlaﬁp BRSPS B s odi Aifivee
CONMPOSsbihitieHis ?féfiﬁl&bcﬁzﬁﬁl RIveaddad (Rl wed pdcds B4l f RGhaRdr BBbaMERThE LRV RBGEOUP
consi sting of dodecyl phosphonic acid, tetradecylphosphonlc acid, and
hexadéﬁ??ﬁﬁ%@ﬁﬁ%ﬁﬂ@egﬁmﬂmmﬁﬁménother enbodi ment, the additive conposition
conpr '[6@§lf] an alcabal be apprb@ASE th@NBe d8fiQay: I%Q@dlbrlor% Ghecoptbd @Gk AR face
sel ected fromthe group consisting of dodecyl phosphoni c aci d,

t et r adetyANHE A EpITROSHEN d CoptitiomdRatie PYI 16 SRS leREEI ¢ i A ragp (flomp#hgther
enbodi)gni,, abttt%oa@l 1 drbr¥iBy gwtt)@@lcttb o OTR! R Bhelif tparngpﬁtﬁ%o@ b¥fiRko ARLNY !
ether and a surfactant selected fromthe group consisSting of

dodecylP progp Frodilicdezreingied byethe sldéeshartsiosphoni ¢ aci d, and hexadecy! phosphoni ¢
aci d. till r t [

ri pr ST o RpRR o RURREERY AR AEEH KAKR GEORBRRILANE R b
surfa@ﬂ@hﬁﬂbeme@ﬁeﬁuim@mmUhedgmb@pmeuﬂén@nﬂngnnte@mdé@@tmmvéphmnmuﬁanuh
tetra ylp i ecyl I, r

embod it OFREELEREE, e 3. NAARCEK BARTELA MRt b o BBOR ot e
et her afqohensoivdiselmenty| zyltmha/tlpd}/ Ve Oy Iselnéonglay cmhpr@se,mh;ymlf, ,or amllsaesswwlact ant
sel ect i

¢ ot r adeay iR Sl o SRS 18| B9 Bl SRER SHCRTTPRORM & RRk Soefon crctemes
enbodi nment, the addltlve conp05|t|on conprlses 4 nmet hyl - 2- pentanol,
tripropylene gl ycol nmethyl ether, gast one defoam ng agent, and a
surfactant selected fromthe group coﬁ i sting of dodecyl phosphonic acid,
tetradecyl phosphoni ¢ acid, and hexadecyl phosphonic acid. In another

enbodi ment, the additive conposition conprises isopropanol, tripropylene
gl ycol methyl ether, at |east one defoam ng agent, and a sur f act ant
selected frontthe group con5|st|ng of dodecylphosphonlc aC|d

. o o o _‘.:II T



[ 0080] The general process flow of evaluating fornulations on bl anket Ti Nx
(ALD) substrates: |. Surface pretreatnent: a. Acetone rinse for 60 seconds
b. | PA riweeofm7ég7seconds c¢c. DI rinse, dipping, 1 secomdT/dsbawiongp4Dl , 60
seconds d. SC1 rinse (1 part of NHAOH 1 part of H202:5 parts of DI) for 60
seconds e. DI rinse, dipping, 1 second; flowing DI,60 seconds f. Diluted
BOE ri nse (6parts of Dl:1 part of BOE) for 60 seconds g. DI ri nse di ppi ng,
1 second; onds | I urface dlf c on a. rS|on

i °"tV‘ 0 g t 18 d alt ﬁ
of 2 X®J"8 "Iﬂ l?ﬁ "t‘% PPeigeel e"i* deayong ef?l &t g8 Lot P%? étefi
f or muluat g’rmps(:obﬁitm\g/ of By dr&fithose cbonydt&athym@mynublem €BHT Y betylated hy&iroarﬁzloler(ﬂsm]sse
di ppi 1 second; fl ow.n | , 60 _secqnds I ng and u
Cont A haATERS Sdgrap DA dRy e TR Tl Gomed B brenity Bdvh Raas KoCe! Deasur e
cont actheaitgl).e Thé aDlcasp@he tryng dgﬁdicﬁlh adluslel Ipfl@pb(ﬁ*lc[aﬁhﬁﬁdh]da'h € ohditibrevibinthe rinse
forrrulalons were pre are For ation A 0. 05 wt % def oamer
A 99 DFARIGRPRRENE T RER i Biei-Ble aWé%%PWG}%% 05 orbpu gy 0
def oan®ie iA al AndP@WFab&QY 14151nwt> %@E@N&nﬁw‘r ﬁﬁﬂr@-tplrﬁ&alﬂ:y aBou sWhito tPRBEAt 16.45 Wt %
of 0.1 wt% defoaner A in % PGVE Formul ation D Q.5 wt % DDPA,

0. 05 WoeHd f@S%SW%Sdla?lb%wewPﬁnTﬁGM& RB@M? [be AtosgRpntionsg corsurigetgty. water,

Ket hy%g%c&gghﬁigﬁé ﬂgfelnghgérhmeﬁ orQn 5dFaﬁ1%{e @aﬁéqo}le%D%%oﬂ%%odSﬁth@%ﬁfa}% g@tggﬁ@acr;er
I N () or ation () wt % o wt %

def oaffitiye SomPeicgEthe s fage o4 %@t@a@@f hepteghtogregbdgpurface.

[0056] In still another embodiment, the method of the first aspect can further include drying the
modified surface subsequent to rinsing. Drying may be effectuated using a spin dry; vapor drying using
isopropanol (IPA), Novec 7100 fluid (3M), or other non-flammable solvent mixtures known in the art; or
drying using a nitrogen gun. Thereafter, the additive interacting with or coating the surface can be
removed (e.g., thermally). Following the removal of the additive layer, e.g., surfactant layer, the surface
is preferably intact, clean, and ready for deposition of layers (e.g., dielectric layers).

[0057] Accordingly, in another embodiment of the first aspect, a method of modifying the surface
of a high aspect ratio feature is described, said method comprising contacting the surface with an additive
composition to produce a modified surface, rinsing the modified surface with a rinse solution, and drying
the modified surface, wherein the rinse solution in contact with the modified surface has a contact angle
in a range from about 70 degrees to about 110 degrees, more preferably about 85 degrees to about 105
degrees, and most preferably about 85 degrees and about 95 degrees. Preferably, the surface of the high
aspect ratio feature comprises gallium nitride, titanium nitride, amorphous carbon, tantalum nitrides,
tungsten nitride, cobalt silicides, nickel silicides, polysilicon, silicon nitride, and/or ruthenium-containing
compounds selected from the group consisting of ruthenium, ruthenium oxide, ruthenium nitride, other
ruthenium-containing compounds, or any combination therecof. Preferably, the additive composition is
blended in situ in the wet process tool. Preferably, the surface of the high aspect ratio feature comprises
titanium nitride, and/or ruthenium (e.g., ruthenium, ruthenium oxide, ruthenium nitride, other ruthenium-
containing compounds), or any combination thereof. In still another embodiment of the first aspect, a
method of modifying the surface of a high aspect ratio feature is described, said method comprising
rinsing the surface, contacting the surface with an additive composition to produce a modified surface,
rinsing the modified surface with a rinse solution, optionally drying the modified surface, and optionally
removing the additive from the modified surface, wherein the rinse solution in contact with the modified
surface has a contact angle in a range from about 70 degrees to about 110 degrees, more preferably about

85 degrees to about 95 degrees. Preferably, the surface of the high aspect ratio feature comprises gallium
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WO 2012/ 027667PCT/ US2011/ 049347 Formul ation G 0.5 wt % DDPA, 0.05 wt % of
0.25 Wt % defoamer A in TPGVE, 30 wt % DPGVE, 69.45 wt % TPGVE Fornul ati on H
0.5 wt % DDPAN1220&7W % of 0. 25 wt % def oamer A in TPGVE, PEO/USROLIDIRGVE, 49. 45
w % TPGQVE Fornul ation |I: 0.5 wt % DDPA, 0.05 wt% of 0.25 wt % defoaner A in
TPGVE, 70 Wt % DPGQVE, 29.45 wt % TPGVE Fornul ation J: 0.5 wt % DDPA, 0.05 wt %
of 0 25 wt % def oaner A in TPGQVE, 10 wt % PGVE, 89.45 wt % TPGVE For nul ati on

% 5Wt(Vf025Wt(V def.oanmer A i 0.wt % P
50, a5 W0 FBEE EIdR PEr h (ATt ap ymgAcs émts%ewg/ﬂ% B Ss: G her
A :)/n ;EH’?HE% pSI}g/l\hg&i% BGMm, nitkQle 4o W YuthEaivE clﬁﬁdilﬁ'ilsllg &bm%Un%Ss@ecoﬁjdVﬁd}ﬁ BloRAou0. 05
wt % o . ef oaner wt.% T
For nulcﬁ?si“?z)lﬂg \# r“@e%Ith g‘%?ﬁﬁgﬂl‘ O’%deo%*?mo‘i“w@e z%h?ﬁf@}h?ilé‘fl‘& SPALHnIAS F‘?Jinpﬂ‘-’}‘&i?E"r 10
wt (o)f) 4%aﬁ¢bdnfo]ina21f)n ﬂﬁf&)ﬁﬂh’eferaBE/ &b adﬂl%er??G}jvwEs%i@?lﬁhletaddddﬂ ;lﬁl 1n0hd5w61ﬂt[ﬁr{)oa[§l?ébi5 OWtO(?/
(0] e T 4= e 0
o Pedirar s S Thioh BPEhERS TH S8 oGy NS il REPArS f6e.
TPQVE ruthéhivh, Youdthdiiinh yokid2- rypénivan odn;ndé;Q othbr \mm%nTLFffﬁbﬁnﬁmingmioatpbmms)Q orOafy Wt %
DDPA, 0. 5Wt(V % def.oa % 4-
ot GO b8t FRed LRRATRAT fog tha ol S50y ok, “iomBES WS EREES wt 06
def oareihpisingunTdd@hiks cdbhovitién hifdA m8Afidbsuvhls WREME t]ﬁ()al’dﬂ”lﬂllvab(brﬁ}fbsﬁon Gorbprises¥o
DDPA, 05 wt % of . wt % def oa 69. 4 % TPGVE
Por muf b DAL RGeSt R G b 35 il ot SR A FEet 50
wt % | BAc deﬁf&a.ntﬁﬁg wdebty ditGMElyFaiuliteiligt dge, ddd aDlest wic9%abDBAggeht. 05 Wt % of 0. 25 Wt %
defoa 70 wt % | PA 294 % TPGVE Fornul ation.V: 0.5 wt%
ﬁﬁﬁ Wgﬂlﬁ aipptheg aWF%ralétF%E?r?é‘ra”R § # ture) omppishe A pigydificd digheasgeco,,
TPGVE ritr Wt dd, ise1 MYdifddSuwhdo msm@ a0 YuFhctdht 2bmpbuild efoanmse Alitidn,
%
TPGVE Wh%roem\,\gtal{f (Y(\;an}pggltlon6lg célr?tac\{wwﬁl the modified surface has a contact angle in a range from about
70 degrees to about 110 degrees, and wherein the modified high aspect ratio surface comprises gallium
nitride, titanium nitride, amorphous carbon, tantalum nitrides, tungsten nitride, cobalt silicides, nickel
silicides, polysilicon, silicon nitride and/or ruthenium-containing compounds selected from the group
consisting of ruthenium, ruthenium oxide, ruthenium nitride, other ruthenium-containing compounds, or
any combination thereof. Preferably, the surface of the high aspect ratio feature comprises titanium
nitride, and/or ruthenium (e.g., ruthenium, ruthenium oxide, ruthenium nitride, other ruthenium-
containing compounds), or any combination thereof. In still another embodiment, the modified surface is

reset using thermal processing, reactive ion etching, or plasma-aided etching processes.

Second Aspect

[0059] A second aspect of the invention corresponds to a method of maintaining a contact angle on
the surface of a high aspect ratio feature, said method comprising contacting a surface with an additive
composition to produce a modified surface, wherein a rinse solution in contact with the modified surface
has a contact angle in a range from about 70 degrees to about 110 degrees. Preferably, the contact angle
is in a range from about 70 degrees to about 110 degrees, more preferably about 85 degrees to about 105
degrees, and most preferably about 85 degrees and about 95 degrees. Preferably, the surface of the high
aspect ratio feature comprises doped or undoped monocrystalline Si, doped or undoped polycrystalline Si,
polysilicon, silicon dioxide, silicon nitride, or combinations thercof. In one embodiment, the modified
surface is rinsed with a rinse solution, wherein the contact angle of the modified surface at rinse time t = x
is no greater than about +/- ten degrees different from the contact angle of the modified surface at rinse

time t = 0, wherein X is in a range from about 60 sec to about 600 sec or more.
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WO 2012/ 027667PCT/ US2011/ 049347 Forrmul ation X: 0.5 w % DDPA, 0.05 wt % of
0.25 W % def oamer A in TPGVE, 50 w % water, 49.45 wt % TPGVE [ 0082] The

cont act awgl2ep/afesdl water on the nodified Ti NX surface®Cans26ho¥347 n
Figures 2a and 2b with standard deviation bars. The target contact angle is
bet ween 800 and 1000 . Exanple 2 [0083] The general process flow for

eval uating forrrul ations on bl anket Ru(ALD) substrates is shown in Fi gure 3
[ 0084] i tion for l.ation were pre ared. Formul.ati on AA. 0.

0. 05 \X@? o def ﬁéﬁ? "fébe ashECF AR Odf RTAID IS 4 CISBtaCtlanéle\}aP t%

D met Ryifste o4 Ride @éple@ AR e &Nlc@ribel€ 5ai@ mbtholl %rd;ﬁfsﬁ@r&eﬁtac@mg@zﬂicmﬁ&n&lmg

DPGVE. Eor mul ati CC. 1.0 .wt. % Dhi rogenated tall ow al k
chl or |SEFéace VA aﬁfé}gﬁvﬁf"%ﬂ‘é@i‘“oﬂt@% éé‘y seferpEpErnstigdh “c%‘ﬂ%/gg‘l ét%iﬂ Vaitho

each Ruin@fitionashdrEasierade adlutfoaus célitdct @itk e hodils!: suﬁaae Rs a etk u@gﬂe 1n(ab)
after %r%gt reat rren c) after t nent
i

ste I d 111 tre
i, rfg%nbﬁbquh Hlszip %-fstﬁea@m@%f drereet ﬁ?f&ﬁgef%m‘d-‘/f Ol JsRrepy Ws@oufah%s (d)
af t er dpgrees! fiRiahsre pleferably zlboatﬂédj ddgtees iAo %rdegﬂ'éeél h&efreﬁsgem& sMfi€on-containing

forrrulatlons 10 m n DI r|n and agi .rqomte re for 6h The
r esul 8T eCUHBHT F?PGE Jure ORed g%’ﬂg Seog‘?ﬂe‘?’h‘ér %4? IPOBF%% 51[0

for eyalyiatdnnglidoardiotid] dilos nmruepbrajakﬁtnamls yigtdof.con substrates using F20

exper I[HEJI t] 5 ar ?n gnrg)(t)IYeVp eIInlr)lodllzllnegnl‘El ro? th56 se(l,‘:o%[i rarllsjflegit Ia?1?6‘[hDo'21/[())%]%16(\)((1:{fymg a surface of a high
aspect ratio feature is described, said method comprising contacting the surface with an additive
composition to produce a modified surface, wherein a rinse solution in contact with the modified surface
has a contact angle in a range from about 70 degrees to about 110 degrees, more preferably about 85
degrees to about 105 degrees, and most preferably about 85 degrees and about 95 degrees. Preferably, the
surface of the high aspect ratio feature comprises silicon-containing material, preferably doped or
undoped monocrystalline Si, doped or undoped polycrystalline Si, polysilicon, silicon dioxide, silicon
nitride, or combinations thereof.
[0062] In still another embodiment of the second aspect, a method of modifying a surface of a high
aspect ratio feature is described, said method comprising contacting the surface with an additive
composition to produce a modified surface, and rinsing the modified surface with a rinse solution,
wherein rinse solution in contact with the modified surface has a contact angle in a range from about 70
degrees to about 110 degrees, more preferably about 85 degrees to about 105 degrees, and most
preferably about 85 degrees and about 95 degrees. Preferably, the surface of the high aspect ratio feature
comprises silicon-containing material, preferably doped or undoped monocrystalline Si, doped or
undoped polycrystalline Si, polysilicon, silicon dioxide, silicon nitride, or combinations thereof.
[0063] In yet another embodiment of the second aspect, a method of modifying a surface of a high
aspect ratio feature is described, said method comprising pre-treating the surface of the high aspect ratio
feature to remove residue and/or contaminant material from the surface, contacting the surface with an
additive composition to produce a modified surface, and rinsing the modified surface with a rinse
solution, wherein the rinse solution in contact with modified surface has a contact angle in a range from
about 70 degrees to about 110 degrees, more preferably about 85 degrees to about 105 degrees, and most
preferably about 85 degrees and about 95 degrees. Preferably, the surface of the high aspect ratio feature
comprises silicon-containing material, preferably doped or undoped monocrystalline Si, doped or
undoped polycrystalline Si, polysilicon, silicon dioxide, silicon nitride, or combinations thercof. Pre-

treatment can be accomplished using any residue removal means (e.g., wet treatment) known in the art.
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wt % 0. 3% Def oaner A in DPGVE/ w % 0. 2% surfactant in DPGVE w % DPGVE/ wt %
water/ wt% DD 0.9 0.09 0.01 (oleic) 99 EE 0.9 0.09
WO 2012/027667 PCT/US2011/049347

Although not wishing to be bound by theory, pre-treatment is performed to modify the
hydrophobicity/hydrophilicity of the surface, to adjust the electrokinetic properties of the surface, and/or
to oxidize or reduce the surface. For example, when the high aspect ratio surface comprising silicon-
containing material was previously etched (e.g., to create trenches, lines, vias, etc. using a wet etch
composition or dry etching means (e.g., reactive ion etch (RIE))), the surface may be treated with a post-
etch residue removal composition known in the art to substantially remove the post-etch residue. When
the high aspect ratio surface was previously ashed (e.g., to remove photoresist), the surface may be treated
with a post-ash residue removal composition known in the art to substantially remove the post-ash
residue. When a wet etch of the surface is performed to etch silicon-containing material, a reactive ion
etch is contemplated to alter the exposed silicon-containing material.

[0064] It should be appreciated that when the process includes the pre-treatment step, the device
may be rinsed subsequent to the removal of residue and/or contaminants from the surface of the high
aspect ratio feature to produce the surface to be contacted with the additive composition. Conditions for
the post pre-treatment rinse include temperature in a range from about 20°C to about 80°C, preferably
about 20°C to about 30°C, for time in a range from about 2 min to about 15 min or more, as readily
determined by the skilled artisan. The rinse solution preferably comprises water. Alternatively or in
addition, prior to contact of the surface with the additive composition, the surface can be irradiated or
heated to treat the surface.

[0065] The additive composition for the method of the second aspect comprises, consists of, or
consists essentially of at least one surfactant, at least one solvent, optionally at least one co-surfactant, and
optionally at least one defoaming agent. The species contemplated for each component are enumerated
hereinabove in the first aspect of the invention. In one embodiment of the second aspect, the additive
composition comprises, consists of, or consists essentially of surfactant and at least one solvent. In
another embodiment of the second aspect, the additive composition comprises, consists of, or consists
essentially of surfactant, at least one solvent, and at least one co-surfactant. In still another embodiment
of the second aspect, the additive composition comprises, consists of, or consists essentially of surfactant,
at least one solvent, and components known in the art to remove residue (e.g., post-etch residue removal
composition). In still another embodiment of the second aspect, the additive composition comprises,
consists of, or consists essentially of surfactant, at least one solvent, at least one co-surfactant and
components known in the art to remove residue (e.g., post-etch residue removal composition). In other
words, the pre-treatment of the surface and the additive treatment of the surface can be combined into
one-step. It should be appreciated by the skilled artisan that all residue removal compositions known in

the chemical arts to remove the specific type of residue are contemplated herein. It should further be
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appreciated that when the additive composition includes components known in the art to remove residue,
the pre-treatment step as described herein may still be necessary or may be an optional step.

[0066] Preferably, the additive composition has the following properties: following interaction
with the surface and the formation of a coating thereon, the surface has a contact angle of about 85 to
about 95 degrees, preferably about 90 degrees, for the rinse solution; the additive composition wets the
high aspect ratio structure surface; the contact angle is preferably maintained after rinsing with the rinse
solution (e.g., the contact angle of the modified surface at rinse time t = x is no greater than about +/- ten
degrees different from the contact angle of the modified surface at rinse time t = 0, wherein x is in a range
from about 60 sec to about 300 sec or more); the additive coating preferably results in minimal
contamination (e.g., only a monolayer of surfactant remains after rinsing); and a balanced pH value to
achieve the desired surface electrokinetic conditions based on PZC or IEP properties of different surfaces.
Further, the additive composition is substantially devoid of stearic acid, myristic acid, silane coupling
agents such as hexamethyldisilazane and tetramethyl silyl diethylamine.

[0067] For the purposes of the present disclosure, “contacting” includes, but is not limited to,
spraying the additive composition on the surface, by dipping (in a volume of the additive composition),
by contacting the surface with another material, e.g., a pad, or fibrous sorbent applicator element, that is
saturated with the additive composition, by contacting the surface with an additive circulating
composition, or by any other suitable means, manner or technique, by which the additive composition is
brought into contact with the surface of the high aspect ratio feature. In one embodiment, the additive
solution is pre-mixed and delivered to the wet process tool. In another embodiment, the additive solution
is blended in situ in the wet process tool.

[0068] Subsequent to contacting the surface with an additive composition to produce a modified
surface, the modified surface is rinsed with a rinse solution to remove any additive that has not interacted
with or coated the surface. The rinse solution can comprise at least one or a combination of the
aforementioned solvents. Alternatively, the rinse solution can comprise, consist of, or consist essentially
of at least one solvent, optionally at least one free radical species, optionally at least one ion exchange
resin, and optionally at least one drying agent. The at least one free radical species can be selected from
the group consisting of hydroquinone, butylated hydroxyl toluene (BHT), butylated hydroanisole (BHA),
diphenylamine, and combinations thereof. The at least one ion exchange resin can include MSC-1 (Dow
Chemical). The at least one drying agent can include phosphoric anhydride. Conditions for the rinse
include temperature in a range from about 20°C to about 80°C, preferably about 20°C to about 30°C, for
time in a range from about 1 min to about 20 min or more, preferably about 5 min to about 15 min.

Proposed rinse solutions include water, IPA, TPGME, the aforementioned co-surfactants, water, and

19



0.01 (oleic) 89.44 10 Il 0.5 0.05 0.01 (oleic) 99.44 JJ 0.5 0.05 0.01

99. 44

WO 2012/ 027667PCT/ US2011/ 049347
WO 2012/027667 PCT/US2011/049347

combinations thereof. Alternatively or in addition, subsequent to contact of the surface with the additive
composition, the surface can be irradiated or heated to treat the surface.

[0069] In still another embodiment, the method of the second aspect can further include drying the
modified surface subsequent to rinsing. Drying may be effectuated using a spin dry; vapor drying using
isopropanol (IPA), Novec 7100 fluid (3M), or other non-flammable solvent mixtures known in the art; or
drying using a nitrogen gun. Thereafter, the additive interacting with or coating the surface can be
removed (e.g., thermally). Following the removal of the additive layer, e.g., surfactant layer, the surface
is preferably intact, clean, and ready for deposition of layers (e.g., dielectric layers).

[0070] Accordingly, in another embodiment of the second aspect, a method of modifying the
surface of a high aspect ratio feature is described, said method comprising pre-treating the surface of the
high aspect ratio feature to remove residue and/or contaminant material from the surface, contacting the
surface with an additive composition to produce a modified surface, rinsing the modified surface with a
rinse solution, and drying the modified surface, wherein the rinse solution in contact with the modified
surface has a contact angle in a range from about 70 degrees to about 110 degrees, more preferably about
85 degrees to about 105 degrees. Preferably, the surface of the high aspect ratio feature comprises doped
or undoped monocrystalline Si, doped or undoped polycrystalline Si, polysilicon, silicon dioxide, silicon
nitride, or combinations thereof. Pre-treatment can be accomplished using any residue removal means
(e.g., wet treatment) known in the art.

[0071] Accordingly, in still another embodiment, a method of modifying the surface of a high
aspect ratio feature is described, said method comprising pre-treating the surface of the high aspect ratio
feature to remove residue and/or contaminant material from the surface, rinsing the surface subsequent to
pre-treatment, contacting the surface with an additive composition to produce a modified surface, rinsing
the modified surface with a rinse solution, drying the modified surface, wherein the rinse solution in
contact with the modified surface has a contact angle in a range from about 70 degrees to about 110
degrees, more preferably about 85 degrees to about 105 degrees, and most preferably about 85 degrees
and about 95 degrees. Preferably, the surface of the high aspect ratio feature comprises doped or undoped
monocrystalline Si, doped or undoped polycrystalline Si, polysilicon, silicon dioxide, silicon nitride, or
combinations thereof. Pre-treatment can be accomplished using any residue removal means (e.g., wet
treatment) known in the art.

[0072] Still another aspect relates to an article of manufacture comprising a modified high aspect
ratio surface, said modified surface comprising adsorbed surfactant compounds and a rinse solution,
wherein said composition in contact with the modified surface has a contact angle in a range from about

70 degrees to about 110 degrees, and wherein the modified high aspect ratio surface comprises doped or

20



(palmtic) KK 0.5 0.05 0.01 (lauric) 99.44 LL 0.1 0.01 0.01 (oleic)
79.88 20 vM 0.1 0.01
WO 2012/027667 PCT/US2011/049347

undoped monocrystalline Si, doped or undoped polycrystalline Si, polysilicon, silicon dioxide, silicon
nitride, or combinations thereof.
[0073] In still another embodiment, the modified surface is reset using thermal processing, reactive

ion etching, or plasma-aided etching processes.

Third Aspect

[0074] In a third aspect, additive compositions are described, said composition comprising,
consisting of or consisting essentially of at least one surfactant, at least one solvent, optionally at least one
co-surfactant, optionally at least one defoaming agent, optionally at least one buffering agent, and at least
one stabilizing agent, wherein the additive composition modifies a surface of a high aspect ratio feature
such that a rinse solution in contact with the modified surface has a contact angle in a range from about 70
degrees to about 110 degrees. Compositions of the invention may be embodied in a wide variety of
specific formulations, using the components described herein. Compositions of the invention may be
embodied in a wide variety of specific formulations, as hereinafter more fully described.

[0075] In all such compositions, wherein specific components of the composition are discussed in
reference to weight percentage ranges including a zero lower limit, it will be understood that such
components may be present or absent in various specific embodiments of the composition, and that in
instances where such components are present, they may be present at concentrations as low as 0.001
weight percent, based on the total weight of the composition in which such components are employed.
[0076] The compositions described herein are easily formulated by simple addition of the
respective ingredients and mixing to homogeneous condition. Furthermore, the compositions may be
readily formulated as single-package formulations or multi-part formulations that are mixed at the point
of use, preferably multi-part formulations. The individual parts of the multi-part formulation may be
mixed at the tool or in a storage tank upstream of the tool. The concentrations of the respective
ingredients may be widely varied in specific multiples of the composition, i.e., more dilute or more
concentrated, and it will be appreciated that the compositions described herein can variously and
alternatively comprise, consist or consist essentially of any combination of ingredients consistent with the
disclosure herein.

[0077] In one embodiment, the additive composition comprises dodecylphosphonic acid. In
another embodiment, the additive composition comprises tetradecylphosphonic acid. In still another
embodiment, the additive composition comprises hexadecylphosphonic acid. In another embodiment, the
additive composition comprises at least one glycol ether solvent and a surfactant selected from the group
consisting of dodecylphosphonic acid, tetradecylphosphonic acid, and hexadecylphosphonic acid. In yet

another embodiment, the additive composition comprises at least one glycol ether solvent, at least one
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defoaming agent, and a surfactant sclected from the group consisting of dodecylphosphonic acid,
tetradecylphosphonic acid, and hexadecylphosphonic acid. In another embodiment, the additive
composition comprises an alcohol and a surfactant selected from the group consisting of
dodecylphosphonic acid, tetradecylphosphonic acid, and hexadecylphosphonic acid. In another
embodiment, the additive composition comprises an alcohol, at least one defoaming agent, and a
surfactant selected from the group consisting of dodecylphosphonic acid, tetradecylphosphonic acid, and
hexadecylphosphonic acid. In still another embodiment, the additive composition comprises tripropylene
glycol methyl ether and a surfactant selected from the group consisting of dodecylphosphonic acid,
tetradecylphosphonic acid, and hexadecylphosphonic acid. In still another embodiment, the additive
composition comprises tripropylene glycol methyl ether, at least one defoaming agent, and a surfactant
selected from the group consisting of dodecylphosphonic acid, tetradecylphosphonic acid, and
hexadecylphosphonic acid. In another embodiment, the additive composition comprises tripropylene
glycol methyl ether, polyethylene glycol/polypropylene glycol copolymer, and a surfactant selected from
the group consisting of dodecylphosphonic acid, tetradecylphosphonic acid, and hexadecylphosphonic
acid. In yet another embodiment, the additive composition comprises 4-methyl-2-pentanol, tripropylene
glycol methyl ether, at least one defoaming agent, and a surfactant selected from the group consisting of
dodecylphosphonic acid, tetradecylphosphonic acid, and hexadecylphosphonic acid. In another
embodiment, the additive composition comprises isopropanol, tripropylene glycol methyl ether, at least
one defoaming agent, and a surfactant selected from the group consisting of dodecylphosphonic acid,
tetradecylphosphonic acid, and hexadecylphosphonic acid. In still another embodiment, the additive
composition comprises octanol, at least one defoaming agent, and a surfactant selected from the group
consisting of dodecylphosphonic acid, tetradecylphosphonic acid, and hexadecylphosphonic acid.

[0078] In another embodiment, the additive composition comprises
dimethyldioctadecylammonium chloride. In another embodiment, the additive composition comprises
dimethyldioctadecylammonium chloride and at least one glycol ether solvent. In still another
embodiment, the additive composition comprises dimethyldioctadecylammonium chloride and
dipropylene glycol methyl ether. In still another embodiment, the additive composition comprises
dimethyldioctadecylammonium chloride, dipropylene glycol methyl ether and at least one defoaming
agent. In another embodiment, the additive composition comprises dimethyldioctadecylammonium
chloride, dipropylene glycol methyl ether, and polyethylene glycol/polypropylene glycol copolymer.
[0079] Alternatively, the additive composition comprises di(hydrogenated
tallow)dimethylammonium chloride. In another embodiment, the additive composition comprises
di(hydrogenated tallow)dimethylammonium chloride and at least one glycol ether. In yet another

embodiment, the additive composition comprises di(hydrogenated tallow)dimethylammonium chloride
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and tripropylene glycol methyl ether. In another embodiment, the additive composition comprises
di(hydrogenated tallow)dimethylammonium chloride, tripropylene glycol methyl ether, and at least one
defoaming agent. In yet another embodiment, the additive composition comprises di(hydrogenated
tallow)dimethylammonium  chloride, tripropylene  glycol methyl ecther and polyethylene
glycol/polypropylene glycol copolymer.

Example 1
[0080] The general process flow of evaluating formulations on blanket TiN, (ALD) substrates:

1. Surface pretreatment:
a. Acetone rinse for 60 seconds
b. IPA rinse for 5 seconds
c. DlIrinse, dipping, 1 second; flowing DI,60 seconds
d. SClI rinse (1 part of NH,OH:1 part of H,O,:5 parts of DI) for 60 seconds
e. DlIrinse, dipping, 1 second; flowing DI,60 seconds
f. Diluted BOE rinse (6parts of DI:1 part of BOE) for 60 seconds
g. DlIrinse, dipping, 1 second; flowing DI,60 seconds
II. Surface modification
a. Total immersion of 2 x 2 cm TiNycoupons (ALD) in beakers or F20 plates comprising the
formulations below for 300 secondsat room temperature
b. DI rinse, dipping, 1 second; flowing DI,60 seconds
III: Drying and measurement of Contact Angle
a. Spin and dry on a Laurel tool or dried under N,

b. Measure contact angle of DI water on modified surfaces

[0081] The following formulations were prepared.

Formulation A: 0.5 wt% DDPA, 0.05 wt% defoamer A, 99.45 wt% TPGME

Formulation B: 0.5 wt% DDPA, 0.05 wt% of 0.1 wt% defoamer A in DPGME, 99.45 wt% DPGME
Formulation C: 0.5 wt% DDPA, 0.05 wt% of 0.1 wt% defoamer A in PGME, 99.45 wt% PGME
Formulation D: 0.5 wt% DDPA, 0.05 wt% of 0.1 wt% defoamer A in 4-methyl-2-pentanol, 99.45 wt% 4-
methyl-2-pentanol

Formulation E: 0.5 wt% DDPA, 0.05 wt% of 0.1 wt% defoamer A in IPA, 99.45 wt% IPA

Formulation F: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 10 wt% DPGME, 89.45
wt% TPGME
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Formulation G: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 30 wt% DPGME, 69.45

wt% TPGME
Formulation H: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 50 wt% DPGME, 49.45
wt% TPGME
Formulation I: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 70 wt% DPGME, 29.45
wt% TPGME
Formulation J: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 10 wt% PGME, 89.45
wt% TPGME
Formulation K: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 30 wt% PGME, 69.45
wt% TPGME
Formulation L: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 50 wt% PGME, 49.45
wt% TPGME
Formulation M: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 70 wt% PGME, 29.45
wt% TPGME

Formulation N: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 10 wt% 4-methyl-2-
pentanol, 89.45 wt% TPGME
Formulation O: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 30 wt% 4-methyl-2-
pentanol, 69.45 wt% TPGME
Formulation P: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 50 wt% 4-methyl-2-
pentanol, 49.45 wt% TPGME
Formulation Q: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 70 wt% 4-methyl-2-
pentanol, 29.45 wt% TPGME
Formulation R: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 10 wt% IPA, 89.45 wt%

TPGME

Formulation S: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 30 wt% IPA, 69.45 wt%
TPGME

Formulation T: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 50 wt% IPA, 49.45 wt%
TPGME

Formulation U: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 70 wt% IPA, 29.45 wt%
TPGME

Formulation V: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 10 wt% water, 89.45
wt% TPGME

Formulation W: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 30 wt% water, 69.45
wt% TPGME
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Formulation X: 0.5 wt% DDPA, 0.05 wt% of 0.25 wt% defoamer A in TPGME, 50 wt% water, 49.45
wt% TPGME

[0082] The contact angles of DI water on the modified TiN, surfaces are shown in Figures 2a and

2b with standard deviation bars. The target contact angle is between 80° and 100°.

Example 2

[0083] The general process flow for evaluating formulations on blanket Ru(ALD) substrates is
shown in Figure 3.

[0084] Additional formulations were prepared.

Formulation AA: 0.5 wt.% ODPA, 0.05 wt. % defoamer A RD28, 99.45 wt.% TPGME.

Formulation BB: 1.0 wt.% Dimethyldioctadecylammonium chloride; 0.1 wt% defoamer A RD2S;
98.9 wt.% DPGME.

Formulation CC: 1.0 wt.% bis(hydrogenated tallow alkyl)dimethyl chloride; 0.1 wt% defoamer A
RD28; 98.9 wt.% TPGME.

The contact angle of each Ru wafer was measured at four different times: (a) as received, (b) after pre-
treatment steps [, II and 111, (c) after pre-treatment I, II and III, immersion in the respective formulations
and 10 min DI rinse, and (d) after pre-treatment I, II and III, immersion in the respective formulations, 10

min DI rinse, and aging at room temperature for 36 hr. The results are shown in Figure 4.

Example 3
[0085] The general process flow for evaluating formulations on blanket polysilicon substrates

using F20 experiments are shown in Figure 5.

Formulation DMDODAC/ 0.3% Defoamer 0.2% DPGME/ wt% | water/ wt%
wt% A in DPGME/ surfactant in
wt% DPGME/
wt%
DD 0.9 0.09 0.01 (oleic) 99 -
EE 0.9 0.09 0.01 99 -
(palmitic)
FF 0.9 0.09 0.01 (lauric) 99 -
GG 0.5 0.05 0.01 (oleic) 79.44 20
HH 0.5 0.05 0.01 (oleic) 89.44 10
11 0.5 0.05 0.01 (oleic) 99.44 -
1) 0.5 0.05 0.01 99.44 -
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(palmitic)
KK 0.5 0.05 0.01 (lauric) 99.44 -
LL 0.1 0.01 0.01 (oleic) 79.88 20
MM 0.1 0.01 0.01 (oleic) 89.88 10
NN 0.1 0.01 0.01 (oleic) 99.88 -
00 0.1 0.01 0.01 79.88 20
(palmitic)
PP 0.1 0.01 0.01 89.88 10
(palmitic)
QQ 0.1 0.01 0.01 99.88 -
(palmitic)
RR 0.1 0.01 0.01 (lauric) 99.88 -

DMDODAC = dimethyldioctadecylammonium chloride

Formulation Arquad 2HT-75/ | 0.3% Defoamer 0.2% TPGME/ wt% | water/ wt%
wt% A in TPGME/ surfactant in
wit% TPGME/ wt%
SS 0.9 0.09 0.01 (oleic) 99 -
TT 0.5 0.05 0.01 (oleic) 79.44 20
Uu 0.5 0.05 0.01 (oleic) 89.44 10
vV 0.5 0.05 0.01 (oleic) 99.44 -
WW 0.5 0.05 0.01 (lauric) 99.44 -
XX 0.1 0.01 0.01 (oleic) 79.88 20
YY 0.1 0.01 0.01 (oleic) 89.88 10
7Z 0.1 0.01 0.01 (oleic) 99.88 -
AAA 0.1 0.01 0.01 79.88 20
(palmitic)
BBB 0.1 0.01 0.01 89.88 10
(palmitic)
CCC 0.1 0.01 0.01 99.88 -
(palmitic)
DDD 0.1 0.01 0.01 (lauric) 79.88 20
EEE 0.1 0.01 0.01 (lauric) 89.88 10
FFF 0.1 0.01 0.01 (lauric) 99.88 -
[0086] The contact angle of each polysilicon wafer was measured after pre-treatment I, II and III,

immersion in the respective formulations for 5 min, and 10 min DI rinse. The results are shown in Figures

6a and 6b.

[0002] Although the invention has been variously disclosed herein with reference to illustrative
embodiments and features, it will be appreciated that the embodiments and features described
hercinabove are not intended to limit the invention, and that other variations, modifications and other

embodiments will suggest themselves to those of ordinary skill in the art, based on the disclosure herein.
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The invention therefore is to be broadly construed, as encompassing all such variations, modifications and

alternative embodiments within the spirit and scope of the claims hereafter set forth.
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THE CLAIMS

What is claimed is:

1. A method of modifying a surface of a high aspect ratio feature, said method comprising:

contacting the surface of the high aspect ratio feature with an additive composition to produce a modified
surface,

wherein forces acting on the high aspect ratio feature when a rinse solution is in contact with the modified
surface are sufficiently minimized to prevent bending or collapse of the high aspect ratio feature at least

during removal of the rinse solution or at least during drying of the high aspect ratio feature.

2. The method of claim 1, wherein the rinse solution in contact with the modified surface has a contact

angle in a range from about 70 degrees to about 110 degrees.

3. The method of claims 1 or 2, wherein the surface comprises gallium nitride, titanium nitride,
amorphous carbon, tantalum nitrides, tungsten nitride, cobalt silicides, nickel silicides, polysilicon, silicon
nitride and/or ruthenium-containing compounds selected from the group consisting of ruthenium,

ruthenium oxide, ruthenium nitride, other ruthenium-containing compounds, or any combination thereof.

4. The method of claims 1 or 2, wherein the surface comprises titanium nitride, amorphous carbon,
tantalum nitrides, tungsten nitride, cobalt silicides, nickel silicides, and/or ruthenium-containing
compounds selected from the group consisting of ruthenium, ruthenium oxide, ruthenium nitride, other

ruthenium-containing compounds, or any combination thereof.

5. The method of claims 1 or 2, wherein the surface comprises doped or undoped monocrystalline Si,

doped or undoped polycrystalline Si, polysilicon, silicon dioxide, silicon nitride, or combinations thereof.
6. The method of claims 1 or 2, wherein the high aspect ratio feature comprises titanium nitride,

ruthenium, ruthenium oxide, ruthenium nitride, other ruthenium-containing compounds, or any

combination thereof.
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with the nodified surface are sufficiently mnimzed to prevent bendi ng or
col l apse. of the high .aspect ratjo feature at.|east duri renoval of the
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monoesters, phosphate monoesters and diesters, carboxylic acids, dicarboxylic acid monoesters,

tricarboxylic acid monoesters and diesters, sulfate monoesters, sulfonic acids, amines, and salts thereof.

10. The method of any of claims 7-9, wherein the surfactant comprises a species selected from the group
consisting of (i) a straight-chained hydrocarbon group having 2-30 carbon atoms, (ii) a branched
hydrocarbon group having 2-20 carbon atoms, (iii) two straight hydrocarbon groups having 2-30 carbon
atoms, (iv) two branched hydrocarbon groups having 6-30 carbon atoms, (v) a species of formula
RHR*)P(=0)(R?), where R', R* and R’ are independent from each other and are selected from the group
consisting of hydrogen, hydroxyl, C,-Csp alkyls, , C,-Csy alkenes, cycloalkyls, C,-C;p alkoxys, and
combinations thercof, (vi) a species of formula (R1R2R3R4)NX, wherein R', R%, R’, and R, are
independent from one another and are selected from the group consisting of hydrogen, C-Cs alkyls, Cs-
Csp alkenes, cycloalkyls, Ci-Csg alkoxys, C-C; carboxylates, and any combination thereof, and wherein
X is any anion having a -1  charge, (vii) a species of formula
[(R)RHN]C(=0)(CR’RY,C(=0)[N(R)(R®)], wherein R', R*, R’, R*, R®, and R® are independent from
one another and are selected from the group consisting of hydrogen, C,-Csy alkyls, C,-Csp alkenes,
cycloalkyls, C,-Cso alkoxys, C,-Cs carboxylates, and any combination thereof, and wherein n = any
integer from 1-12, (viii) a species of formula R'C(=0)(OH), wherein R' is selected from C;-Cs alkyl or
C,-Cso alkylene chains, (ix) R'C(=0)(OH)(CH,).(0O=)(HO)CR?, wherein R' or R* are independent from
one another are are selected from C-C; alkyl and C,-Csp alkylene chains, and n is an integer between 0
and 20., (x) a perfluorinated hydrocarbon group having 7-14 carbon atoms, and (xi) any combination

thereof.
11. The method of any of claims 7-9, wherein the surfactant comprises at least one species selected from

the group consisting of decylphosphonic acid, dodecylphosphonic acid, tetradecylphosphonic acid,
hexadecylphosphonic acid, bis(2-ethylhexyl)phosphate, octadecylphosphonic acid, perfluoroheptanoic
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2. The nmethod of claim11, wherein the rinse solution in contact wth the
nodi fi ed surface has a contact angle in a range from about 70 degrees to
about 110wOegrxdesw’ 3. The nethod of clains 1 or 2, wherpeirrustéia/osesnt ace
conprises galliumnitride, titaniumnitride, anorphous carbon, tantalum
nitrides, tungsten nitride, cobalt silicides, nickel silicides,

polysilicon, silicon nitride and/or ruthenium containing conpounds sel ected

fromthe group consisting of rutheniu rut heni um oxi de, ruthenji.um nitride,
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rut heni um cont ai ni ng conpounds, or any conbination thereof 5. The nethod
of clains 1 or 2, wherein the surface conprises doped or undoped
nonocrigsTat ncthed & any dogeichs Gr9, wihclopaht pohytat yom@iskd a1decaSi ane Pci¢s sdldced iom
silicon dioxide, .sili.con nitrjde, or conbinatiaons thereof 6. The nmethod of
ol ai ey SEPP 5ORHEs e PoVRB IS TP R b e s TS en s ot Ao

ni tri dehylenetdidnging uatrakisu t(braonylhme-ehxékeherop dxylatee niettoh Npdiyoxgdehyl@ikh@olyoxypropylene

rut heni um cont ai ni ng conpounds,. or .an ombi nat j.on thereof . WD
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wher einongljtendettértbrate haip nfpdsi ¥ dtiplene Gofbitb ISk adeasd) rpb ok @ tylenakorbigd Sttradleate,

sol vent tionally at .l.east one co-surfactant, optionally at | east on

oot orphigTanr et Doy mEofeS: “BHREe i RS hoRy OBl b 408 one
st abi Ipetfyo@b@ptate, 8l,1,7,38,Shekdadhydfl, SciidR 3 -dorbshar BiyNethl grissluxdhaCct amhoinsric

selected, fromthe, group consistin aci ds, bases,..non-ionic surfactants,
o ookl R DN CSINGRE L Mbaied o R o bR RERE G s RP B EnG
conbi magthdebmmeflineseaihe s@fonitheidmetrdutd lsaafmalivan, tedryl whadtigilamhdéieurs dhibadd drt-
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t ri cambexikbhiomac chlomidenoashesimnand dhestler Sensildihabh@ddoogasharien ScHldrala) C

aci ds, 1 nes nd, salts t.hereof 0, The net

a I 1 od of a of .cl ai 7-9,
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atons, (i) .a branched hydrocarbon group hayi,n =20 .carbon. ato iji)
fwo sPrsii T BREPRLR or GLpLeRaYRED. sotubpaimaSRERRG) ° Wobidintned
hydr oclghjabogegatalips hawvialiigy)indthyamatnat ons, dhlrida speci dstrafepthmmoham

Rl (R2) P(=0) (.E R, R2 d . i t f h ot h d
bre serunsahvoAer IR BREREL ) (B hy diboel nyaRRpIE. Gy, &
al kyl slimélGadadat Renesniumy clcblatilly | s diiRhyBbexaddepipsoniamd claohidaat | @dsm

t her eof Vi), a eci es of .fornul a | RRR3R4) erei,n R, R2, .R3, and
S T all S A R SR el e S R R R
consi sbdimmg BEthiaydmeity@n-udeeyCRlfaE k FOBOST2 RMIR) phbdpiaie STuosyaioahky kihylefsl- C30
al koxys,, C1-C30 .carb | at nd,any c i.natign thereof, and wherej
Xi sanyalF orit C@%“H&%?’- 1%%}%‘%&@?"%?%%%%{? e%’?%r jym - cocamipropinate, FRA
{(( mé(dﬂﬁdwhﬁﬁmlérﬁ?&%bfﬁ@mlfowt%) ( RGL], Wﬂgr ein Rll, R2,(34R}Bhepﬁ4)pﬁeny53—

an are independent from one.another an re sel ecte om.the group
cone: oo RS ERMoush BRGNS, Sl FReRBeSEC, dribiRhratnds® o
al koxysfluotedndid@est e yhddoahinatdid tleryof.conbi nati on thereof, and wherein n =
any integer from11-12, (viii) a species of formula RLC(=0)(OH), wherein Rl
is selected from CL-C30 al kyl or - C30 al kyl ene chains, (iXx)
RI c( =dy{ o d(@éeﬂ 1) DS We%ﬁewwt L?Pst RPC @B e b vttt of JAmdife
anot hey Rare(GH)e whgt RS € hnfi RO BcGndep &xdOntatday bacBdtheGAriGROs citdcte iR RETo CRB B  and
nis an integer between O ﬁ%g 20. &%) a perf|uorinated hydrocarbaon group
havi n§omisiag A rgdiee dmCoallal GiGralksies cortsiRky o Cralkesh. aad combipatigpy hog
of anyh®dorcl ains 7-9, wherein the surfactant conprises at | east one species
selected fromthe group consisting of decyl phosphonic acid,
dodecyl phosphoni ¢ acid, tetradecyl phosphoni c acid, hexadecyl phosphonic
aci d, bis(2-ethyl hexyl)phosphate, octadecyl phosphonic acid,
per fl uor ohept anoi ¢ WO 2012/ 027667PCT/ US2011/ 049347
acid,prefluorodecanoicacid,trifluorongéhanesulfonicacid,phosphonoaceticacid
, dodecyl benzenesul foni ¢ aci d, dioctadecyl hydrogen phosphate, octadecyl
di hydrogen phosphate, octadecyl phosphoni ¢ acid, dodecenyl succinic acid
nonodi et hanol am de, octadecyl phosphonic acid, lauric acid, palmtic acid,
oleic acid, juniperic acid, 12 hydroxystearic acid and dodecyl am ne 12.
The met hod of any of clainms 7-9, wherein the surfactant conprises at | east
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benzal koni unthl ori de, b enzet honi unchl ori de benzyl di net hyl dodecyl ammoni um
chl ori de, benzyl di net hyl hexadecyl ammoni um chl ori de, chl ori de,
hexadecylwoi2netdrydéanmoni um br om de, chl ori de, di net hyl dipoTitsd@aphesamoni um
do decyl trimet hyl ammoni um hexadecyl t ri met hyl ammoni um p-t ol uenesul f onat e,
di dodecyl di net hyl anmoni um br om de,

14. The method of any of claims 7-12, wherein the at least one solvent comprises a species selected from
the group consisting of water, methanol, ethanol, isopropanol, butanol, pentanol, hexanol, 2-ethyl-1-
hexanol, heptanol, octanol, ethylene glycol, propylene glycol, butylene glycol, butylene carbonate,
cthylene carbonate, propylene carbonate, dipropylene glycol, dicthylene glycol monomethyl ether,
tricthylene glycol monomethyl ether, diethylene glycol monoethyl ether, triethylene glycol monoethyl
cther, ethylene glycol monopropyl ether, ethylene glycol monobutyl ether, diethylene glycol monobutyl
cther, triethylene glycol monobutyl ether, ethylene glycol monohexyl ether, diethylene glycol monohexyl
cther, ethylene glycol phenyl ether, propylene glycol methyl ether, dipropylene glycol methyl ether
(DPGME), tripropylene glycol methyl ether (TPGME),dipropylene glycol dimethyl ether, dipropylene
glycol ethyl ether, propylene glycol n-propyl ether, dipropylene glycol n-propyl ether (DPGPE),
tripropylene glycol n-propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl ether,
tripropylene glycol n-butyl ether, propylene glycol phenyl ether, 2,3-dihydrodecafluoropentane, ethyl
perfluorobutylether, methyl perfluorobutylether, alkyl carbonates, alkylene carbonates, 4-methyl-2-

pentanol, dense fluid, and combinations thereof.

15. The method of any of claims 7-14, comprising the co-surfactant polyethylene glycol/propylene glycol

or a buffering agent.

16. The method of any of claims 7-14, comprising additive composition process temperatures

between about 20°C and about 120°C.

17. The method of any of claims 7-14, comprising additive composition process time between about

60 to about 6000 seconds.

18. The method of any of the preceding claims, wherein the rinse solution comprises at least one solvent
selected from the group consisting of water, methanol, ethanol, isopropanol, butanol, ethylene glycol,
propylene glycol, butylene glycol, butylene carbonate, cthylene carbonate, propylene carbonate,
dipropylene glycol, diethylene glycol monomethyl ether, tricthylene glycol monomethyl ether, diethylene
glycol monoethyl ether, triethylene glycol monoethyl ether, ethylene glycol monopropyl ether, ethylene
glycol monobutyl ether, diethylene glycol monobutyl ether, triethylene glycol monobutyl ether, ethylene
glycol monohexyl ether, diethylene glycol monohexyl ether, ethylene glycol phenyl ether, propylene
glycol methyl ether, dipropylene glycol methyl ether (DPGME), tripropylene glycol methyl ether
(TPGME),dipropylene glycol dimethyl ether, dipropylene glycol ethyl ether, propylene glycol n-propyl
cther, tripropylene glycol n-propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl ether,
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di (hydr ogenat edt al | ow) di et hyl ammoni unthl ori de, Tet r ahept yl amoni um

brom de, tetraki s(decyl )amoni um brom de, Aliquot(r) 336 and oxyphenoni um
brom de, woOrmetner@izoct adecyl anmoni um chl ori de, di net hyl ¢Cchaxsadeoyd3amoni um
brom de, sodi um pol yoxyet hyl ene | auryl ether, sodi um di hexyl sul fosucci nat e,
di cycl ohexyl sul fosucci nate sodium salt, sodium 7-ethyl-2-nethyl-4-undecyl
sul fate, SODOSIL RMX2, phosphate fluorosurfactants, ethylene oxide

al kyl am ne N, N-. di hyl do decyl am ne .N-oxi.e i um cocan npropi nate, 3
O NTBRR e oL ST i S Y B SR 25 SREAT PRESRLARCS
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tetrabut%%&ggggkaﬂ%érlf uor.onet hanesul fonate, and conbi nati ons thereof 13.

The méftH o0y G Rl 712, wherein at |east one solvent is a
conmpound of forrmula RIRRR3C(OH), where R, R2 and R3 are independent from

each h an re selected from.to the group. cansi sting.of hydrogen,.

& Cadar By SO sp S BEREEedaiind s SeBing SRS e G RERRGRS ons
t her eahid W20 ¥2h the A6GTR(ChMpSAhl/ 049347 14. The nmethod of any of clains
7-12, wherein the at |east one solvent conprises a species selected from
the group consisting of water, nethanol, ethanol, isopropanol, butanol,
pent arol ,Thhexeiodlof aid- tthypred iy atuirhs, finehpt amglrisingeinsing the naddifidd e dacg Iwithal |
propyl ene gliycol, butylene glycol, butylene carbonate, ethylene carbonate,
propyF@ﬁ@”gﬁ¥%onate, di propyl ene glycol, diethylene glycol nonomethyl
ether, triethylene glycol nononethyl ether, diethylene glycol nonoethyl

ther,, triethyl I I ! thyl ether, ethyl I I I
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th 15. T thod of f clai 7-14 i Si t - fact ant
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of any-Pbpyt khen@®PGPEA trigropydank Kiviagl raptdp il icther, peupplesd lyan nphuot ebe, tipropeleat ur es

bet wee bout 20C.and about 120C. ., 17. The net hod of any, of cl ai 7514,
conr e T CUET CBRBGLRN vt oEBuy (e BEPVEE SBSLES! T 8 Mot 5000
secondishydrod&aflidiepenehd)oethydf paflyorobutilétberpregiedi prgflekchutyisthenhetkel ratbheataes) nse
sol uti n,.co riggs4attligsttoni s&lv nttseIﬁct fromthe group consisting
of wally I RETHRRGY S ainTadre e gy SPEIHG OIS0l , et hyl ene gl ycol

propyl ene glycol, butylene glycol, butylene carbonate, ethylene carbonate,

propyl carbanat e, di propyl ene glycol, diethylene gl.ycol.. 0 I
bt oy 250 FreaRiRaRe i Ik ShoR e Ryl Brisab R M R Rl b Ry el RTRL
et her thd growgt doyidieing off hyt@juinwne) detyhaydd hetidoey tolvehd)yBENE bolylred hydro noipsle (BHA)
et her, fghﬁlepe. | ycol nonobutyl ether, diethylene glycol nonobutyl ether,
trietﬁ? l’ém53§% | nmonobutyl ether, ethylene glycol nonohexyl ether,

di et hyl ene gl ycol nonohexyl ether, ethylene glycol phenyl ether, propylene
gl ycol methyl ether, dipropyl ene gl¥cpl met hyl ether (DPGVE), tripropylene
gl ycol23nBteathodiof glping fheeryindheging pyalwion cofnprisst atdeapepipn-cSehiaee redi-pr opyl ene
gl ycol ethyl ether, propylene glycol n-propyl ether, tripropylene glycol
n-propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl
ot her ZhOHE0 TRiboS TEGMPC BRIt OBIFF. (RISt GEYPEHE ghyReoihe ooyl subptor
propylgneIhs e rReny! ether, 2, 3-di hydrodecaf| uoropent ane, et hyl
perfluoro%utylether, met hyl perfl uorobutyl et her, al kyl carbonates, alkylene
carbonat es, 4-nethyl-2- pentanol, and conbi nations thereof 19. The nethod
of any of the preceding clainms, further conprising rinsing the surface
prior to contacting said surface wwth the additive conposition. 20. The
met hod of any of the preceding clains, further conprising rinsing the

nodi fied surface with a rinse solutiog 21. The net hod of claim 20,
wherein the rinse solution conprises % | east one sol vent selected fromthe
group consisting of nethanol, ethanol, isopropanol, butanol, octanol,

et hyl ene gl ycol, propylene glycol, butylene glycol, butylene carbonate,

et hyl ene carbonate, propyl ene carbonate, dipropylene glycol, diethylene

gl ycol nmononet hyl ether, triethylene glycol nononethyl ether, diethylene
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24. The nethod of any of the preceding clains, further conprising drying
the nodified surface subsequent to the rinse. WO

2012/ 027680RC/2%$011/ 049347 25. The met hod of cl ai m 22CTwises@iomw3uhe
drying conprises a nethod selected fromthe group consisting of spin
drying, vapor drying, and nitrogen drying. 26. The nethod of any of the
preceding clainms, wherein the contact angle of the nodified surface at
rinse ti t = x L§.no greater than about +/- te egrees different. from
e carit dat et e Qi HOMRSuRrhiS B rabent PR R B ot ARFRITE Y | s
in a raggedimngmapbalyingAnéaitodea dabhguut 6000 sec. 27. The net hod of any of
the preceding clainms, wherein the additive conposition is blended in situ.
28. The nmethod of any of the preceding clainms, further conprising resetting
t he nmodi Thesletholt ffaae oMhapictdmglaigy, abashithgsonfacadkle Wetht @ddiicd kirfags at@ihse

pl asma- ai ded. et chi n rocesses. ., 29. article of manuyfacture copprising
B adarTive: & ShEBrTrBH R Sehdevs Al FuBaR i ansls Pk REURR YEhSe
CONPOSi tihs® fime ® FL Whesin atis ih@asizge a0 about Hasdcantbouasooheast one organic
solvent, and optionally at |east one co-surfactant, optionally at |east one
def oam ng agent, optionally at |east one buffering agent, and at |east one
st abi 271 Pheagpetivd.of aidOof tipraedingtleinef whvediufhaadditie compsiticaiigigeraletrtndithi ed hi gh
aspect ratio surface, said nodified surface conprising adsorbed surfactant
conpounds and a rinse solution, wherein said conmposition in contact with

t he modi Theetlethod tAEE dfake precaiiigadiimanittier icomaridisNGeetineomt alvdified é0kfaegiees
t o about

10 degrees,. and wherein the . %{fi fied high aspect ratio surface

ot e P b o6 R Tt PO G SOHE RESHROR amt i 11 des. tunget n
nitride, cobalt silicides, nickel silicides, polysilicon, silicon nitride
and/ or, rut heni um cont.ai ni ng co oung .selected framth roup consisting of
7Lt herPuri TR TR e ony QR AR PRH  SoPPBRTToHdy M GE AT B CORERIT ng
conpouddiye @mpadiyoncdmiistahi lo4st ddtaudadtant, 3l lcashBneadrgdnid selveibt, ardopfi@atiyftdeast
conprising a.nodified G,i Eas ect. rati o surfac sai d rmgiﬁfied surface
conpr 98 Ry AHEERberoR AR APS SSSrrs i s el o8 9 deaS' B GRS oBHbeBY ' sai d
conpodéaki B stailigagédct Wi th the nodified surface has a contact angle in a
range from about 70 degrees to about 110 degrees, and wherein the nodified
hi gh aspect ratio surface conprises doped or undoped nonocrystalline Si,
doped 30r Amgltpledf pahyfatys tcainpiisiey Simodifiod Yiihl dsgeanyatis isbifeonsatl oxdiflel sssfatd con
nitri %gﬁlpr?sringca%sn(gf)erziaéglrlfgcrt]asnt Eo%rogg s and a rinse solution, wherein said composition in contact with

the modified surface has a contact angle in a range from about 70 degrees to about 110 degrees, and

wherein the modified high aspect ratio surface comprises titanium nitride, amorphous carbon, tantalum

nitrides, tungsten nitride, cobalt silicides, nickel silicides, polysilicon, silicon nitride and/or ruthenium-

containing compounds selected from the group consisting of ruthenium, ruthenium oxide, ruthenium

nitride, other ruthenium-containing compounds, or any combination thereof.

31. An article of manufacture comprising a modified high aspect ratio surface, said modified surface
comprising adsorbed surfactant compounds and a rinse solution, wherein said composition in contact with
the modified surface has a contact angle in a range from about 70 degrees to about 110 degrees, and
wherein the modified high aspect ratio surface comprises doped or undoped monocrystalline Si, doped or

undoped polycrystalline Si, polysilicon, silicon dioxide, silicon nitride, or combinations thereof.

33



