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WO 2004/ 044091 PCT/ US2003/ 028606 FLUCRI NATED
SURFACTANTS FOR BUFFERED ACI D ETCH SCLUTIONS Field of

wo b@4bmwent i on The present invention is directRdl/Us2003/028606
certain fluorinated surfactants, and use thereof 5 in
acid etch solutions, such as in agueous buffered acid

1 0SBV e RyrE oA S s SO RS AR EFEA LIRS GLUTIONS

etching of silicon oxide- containing substrates.
Background 10 The use of m croel ectronic devices,
Figldeoh thesnventio®r at ed circuits, flat panel displays and
m ¢ Ffﬂ%@%&%ﬂﬁ&&%ﬁ@ ldir@é‘c?& B Borta PR RHRBRNRT  thits MW use thereof
busi ne and consuner electronic equi pment, such as
inpeidsedetadolitivig,iueh a5 incajubolsdruffehaintesd eteh satitiams. The etch solutions

cal endars, . persona igital assistants, and di.cal .
arg s ighs 340 GrER GewPREUe I amEl. e AT of siicon oxide-

C&ﬁﬁﬁgg@bs fot of nore established consumer products
suc s televisions, stereo 15 conponents and

aut onobi |l es. These devices in turn contain one or nore
very high quality sem conductor chips containing nany
B%i?éFQdof circuit patterns. Typically nearly 350

Pr OCP%SIRYf 3ii6iSledkbhic HEHM! QfthtaR iXONWRE eirBuildR FiAt panel displays
silicon wafer surface to a sem conductor chip of
arglufifcradéatromechaigd] exdterys, das bepgadiedyin new hasigessandicgpsumer

exanpl e, .in _hiagh performance | .oqi [ f '
EAPR S A0 S ECRGTRAG B, IRy L8R QU A
pefons Pz RANAuShAK, 41dirHedif@BLECAEHIUS. Sudk Bevibdsdlave hBabetgne an
st eps, accountlgﬁ for over 10 % of the total

intpetrd e iof gpore espishatheasUBPLERIRAVGS 84838 telp USIABY: Higraoy
c%ﬁﬁ%gﬁm%ﬂ@a&¥ﬁﬁﬁﬂe£Xidative and etch (or a

I'rnatron o e two). During oxidative cleaning
st epSheseXdedatd iveunaoptasi dneomrsnae eenslagh qhaitp xemicoeduche chips
silicon or polysjilicon surface, pi cal b .
coaHERG ErRy 1SS SR AP D RifeY desipts kP ssine siran are
regeilréﬁ foUdnvdME bR sAleh vHrGaRHAL RlLRMmicAdGRNhip of sufficient
onpositions are used to renove native and deposited

camplexitnanoixjuabityf tolbesiser doyxgaple i bigh aaifompanse egiprdeiers found
.Silicon or polvysilicon surface before e QX i .
ingpersgn i captmp s ap i oty Hideebio hEr  riptibioPfue
mABEREUM 4r8 ARG s, 2R6untin@foL¥aMD& oL thd.total processing
Zazzera and J.F. Moulder, J. Electrochem Soc 136,

stgs. These4pn{npgmys aremiemally ioppoEtweppey: #aKeEvemd ¢igh (or a
Gt 2 SRS L SSROBEAr so
to oxidize the silicon or polysilicon surface, typically by contacting the wafer with
aqueous peroxide or ozone solution. During etch cleaning steps, etching compositions are
used to remove native and deposited silicon oxide films and organic contaminants from
the silicon or polysilicon surface before gate oxidation or epitaxial deposition, typically by
contacting the wafer with aqueous acid. See, for example, L.A. Zazzera and J.F. Moulder,

J. Electrochem. Soc., 136, No. 2, 484 (1989). The ultimate performance of the resulting

semiconductor chip will depend greatly on how well each cleaning step has been

conducted.



10

15

20

25

30

-1 WD 2004/ 044091 PCT/ US2003/ 028606
M croel ect ronechani cal systens (MEMS) (also called
wor@rosmehi nes or m cronechani cal devi ces) ar ePGIHE1003/028606
mechani cal devices that can be made using traditiona
integrated circuit manufacturing techni ques. Typica
Qe SRSrobRELAIE HIRIA SstcARINAMSAGRE! G110 Ebiuchines or
pressure sensors, ators, mrrors I oC
midrome¢hanieal &vdces)am emallﬁnefchmmaiehsmes anndcanr’qal ramieatsﬁrg traditional

medi cal . devi ces and s sfens. The uf actu of MEMS

infggyatp St AN E3hitvss, Timeaegtsay i e ghpuors, gears,

ad¥RIH e tBlis¢ §su9é seﬁlF@r da%i"daﬁﬁ rfﬁi%rsf bR{thi 'Ilrﬁcqgﬂhn%s and valves,
po ycryst 't ne silicon yS| | con) encased in

flewlseson anxk1mtdantilbie nakidécat dwwdssaod sgssernai Thetrhanufiotarg iof MEMS
neces ar¥1 éo ru ﬁ Flev ce. .One of the fltn(g st.e LDe

R e SR PEDe o g FPEGH: BUBe ER P SR ABHFS ot from

sili€ebr Ay dr st Afine Elﬁk&?&%i}%ﬂfc%n? ands0nsiRba ondeaPhelﬁe can also
aqueous etch utilizing hydrofluoric acid (HF

congain Viee citvaitsy hdcegmaryoteirde thegleviceeOnopf the rf@labﬁ@ms ln theymanufacture

ofh e MM R R BB SRy i oBe R ag e
a@@@ﬁs éteh Utigziag Hﬁ&@ﬁuoﬂiﬁ’ﬁ’dﬁ@ tHBptblrema% the (stifchn @Rille tb Gre8, or
esser extent, drochloric acid (HCL). Currently,
“retease”, @érﬁl@@ﬁ@U@P]dﬁlllp%laleé%taélﬂs?ﬂlé?‘fﬁh@}} tQAMOVRF- | ast "
tch
38 |C nlg:&] d&@?{: egﬂe{g% ﬁss %tﬁ':é)c o§{tf0ﬁ%f ‘BB%;@Q h;SISDe%{l %ﬁhﬂ%gatqﬁécﬁﬁ

hedroftidre: @fid &mFmﬂddtoZzeIés@r émemnhﬁdrb&tw@ct a&cid @gdbodarrently, many
hydrogen fluoride or_ a vvlhth an onium fl uor.i de
SRR OIEIPrISAt S FHPIRY aaanfleﬁaﬁic CIRFBING PEAEST FANSISHpG of an
B9 S Silefifnd LuBthdiit 1d By BifabLng rate and
sta he so tron to variation in HF
concEmthe ateit etchinglvd se oidifedrsgetonsiloragy, efuedub bydropen fleoride or a

BCEs h ve a hig ace.tension and, . as esul t, .
A SRR BRSPS ERY PEPEAE op ERBEH aTRS St fluoride
PR &t Q&G 8P oCadfust ﬁfécé?cmﬁgeﬁtéiirﬁlsstab'ﬁ%m% Yol@fiort f¥Evariation in HF

I nvention The present 1nvention provides aqueous acid

certcehiraiisngThesa bublietedi oxiideptelnscdgtians, erROEshasigraf kigh arfacgftension

b0 SO s 5 R R AR B G g e

fdandepxyal kyl group, an al kyl am ne oxi de, an

al kyl car boxyl at e roup or an amni noal kyl roup,
Summ}/ary of the Iﬁlvention J P yi9 P

The present invention provides aqueous acid etch solution comprising an acid; and

a surfactant of the formula:
—SON—R"M*

wherein Rt is a C; to Cy; perfluoroalkyl group,
R! is H, an alkyl group, a hydroxyalkyl group, an alkylamine oxide, an alkylcarboxylate
group or an aminoalkyl group,
and M is a cation. Preferably said acid is hydrogen fluoride and/or an onium fluoride
complex.

The fluorinated surfactant is sufficiently stable in the aqueous acid etch solution,

and advantageously reduces the surface tension thereof so that nanoscale features may be

-2
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and Mt is a cation. Preferably said acid is hydrogen
fluoride and/or an onium fluoride 30 conplex. The
w0 bawaoidoat ed surfactant is sufficiently stabl ePCTUS1963/028606
aqueous acid etch solution, and advantageously
reduces the surface tension thereof so that nanoscal e
e 4/.04409 -
ot PRl Bl B o PhbRg st oh G Al g otuble in
tha Aqiiddue geidteath solutious. tThrdlution 96 thetihgantrinvdnhion aepédasone or more
acid etch solutions. The, salution of the instant

of; the EpHovang a«#‘@maa@% tnrolgiondss dhe merqich Kt 4sgRnKgtional etch

syt rﬁﬂ?&s stlg@ sﬁ t{eﬁ’s@oﬁ‘.% alldifioR AT n&A-6dhntif QOQSIn particulates
conventil oha utions, possesses |ow s face

thhiemsy omntaﬂnnaaactdsmstma:te iatd leavesdnwfayawisngfacd nﬂwducs on rinsing. It also

off 35 Eroy G B o s oA YR L o AHE PGt TP and
flﬁlfy%rfﬁ)rasr@{ceﬁ&ﬁ sehstild dultcOimBRpAQE MaNCE vwhen filtered

or "after extended storage and finally affords
excelnl zwthes aipett; Htegpresent muentimgoovidess bufferedavidn etch solution

O BT R OSSR Dol RS B oons soion

of 8 EBGRNIsrdl R rdbteBiimfa TTPHdPb e fRldridd 8 uﬁlmomum fluoride.
solution 10 of the above-described fl uorinated

Swedlr sroamolaﬁ are paytinudaybruseful di etaking of onidirsdistiern due kq e high SiO»/Si
t
et8 segecsf Ot%J/ bﬁ}%ﬁ solﬁa 6%9{1%&1?(#&2#@(%8 %?%%éﬂng}% QIEJ) Bé et%fled and

clegleddyi a‘ppfdpna@sBI%btlsmbBédicable@thlhrﬁ@ bfighidg net al s and

oxi des nay al so, he etched and cleaned, by appropriate

sel ebxqurispect.dbisdnysntign gelefpeto retelriaiation ysegH én srapigpductor and
1ntte%“§teél DY &Rt llngﬁhfﬁﬁhl%t gn% cBﬁl B8ti6h €6 Rélﬂé b‘?lﬂoHﬁ Eburkdtant,

S ConRduct or [ nt grated c rcurt manu acture
hydregcmcﬂnmslletand: nnnmnﬁummiertg)mpléﬂ thoreof adtcb/dn@gcdtabt, awtpresent

hydr ogen fluoride and onium fl ugri.de cao the
i BB ARG S Salion SO0t SRR Gon OFtesidues,
tlfégé@ﬁ?&iﬁs QF&(P[IV%BJ Il QRcsfigkivh of QirfRtmbibug eff@diﬂ'efye&)&‘s’ e substrate
resi dues, that contains a relatively | ow

amblmselnteiffamclmatgfof sighinge Saght solwipns efef pagtiGulaslyyusgét én eteling of
bstrat.e . .and. n e C|ent rate of etching. Such

S’::,éj Cﬁ’?'t%héetg%ég]p@?ﬁegﬁsgl C%"’lu}éeful in etching of 20

Si O2s@lbkerated ubdtal fitBd pBkéhd irblenféic hcERk 80icoN) geymamum GaAs, InP

Substrates useful in the present invention inclu

ang] ptherdil-Vgad daNil gernpesnsksenyigmdugtqes. Hrwridrbey animvt%?ﬁddue to the
|

SRS BRI it e O BRSO3y

substrate tnegriatlade tiyes wif kilican fohwilicoa, metait antlfoxides tttmetofazteelsts

n@%@ﬁ%{;#&?@%@? Xi"%{z ggq%élttgrlnllelnggrq is aqgol gasf“{lédlc ?y usegel n the etgh and

release of silicon-based microelectromechanical (MEMS) devices. The etch cleaning and

drying of MEMS has similar issues to those for semiconductor chip manufacture.

In another aspect, this invention relates to an etch process for substrates by
contacting a substrate with a homogeneous etch solution comprising the fluorinated
surfactant and acid for a time sufficient to achieve a predetermined degree of etching. In a
preferred embodiment, this invention relates to an etch process for substrates by contacting

a substrate with a homogeneous etch solution comprising the fluorinated surfactant, HF

~3-
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25 masks and dielectrics. The present invention is

al so particularly useful in the etch and release of
wa@Rlospor9based m croel ectromechani cal (MVEMS) deeT/U8203/028606

The etch cleaning and drying of MEMS has simlar

I ssues to those for sem conductor chip manufacture. In
an%?(ﬂ‘tol?lﬁ{m %188&; %or{‘q;lég férrb\étﬁﬁé Elﬁﬁcireﬁ{ RtLhictQa %ﬂed@feﬁlﬂmed dﬁgree of

rocess or Su y contacting a substrate wt

etahlhg Mgaieetsinetttionsabitiem adpolusomyith bew fsﬂmﬁmeutmicndhat

30 surfactant and acid for sufficient

to
casiy PeRriraes ;Slﬂf‘e‘é‘gt“éﬁﬁ%é‘aﬁ%‘éﬁlff‘éeang?“‘é& ©Rispgaces gn gilicon substrates.
pref grd 8beqiHa {dgﬁrﬂ% at thdWeSitdtIMIH AR riEA! BRI &S bly@n@Pbints includes

etch process tor substrates by contacting ~a Substrate
allvintihbers hhfreetivms ssbsaet vadilmthaorangofqagllsuorfgmthéesl 1.5,2,2.75,

315680 Db 3 ie Sraatsioni Uit Al AUe: ey ans thereof pre,

Itekdiﬁecﬁ%f‘tfe'rﬁécﬁﬂéd bP RGBS Viodt. PItHRI R WHdeRtbJdaBsee" & used herein
etc I ng. The present invention provides an etch

insloides bash the mlhgulmnduvﬂliralce tension that easily

pene es ,,t e ,,| n ca crostru s and
Cr t SEEERE 5T B Gl oL, efE ofashE b absggon
raldftals, §ufe8 ak ﬁi‘dtﬁ}ﬁlt dtRyl, plopHly Bﬁﬂyl @elyliss136syl P rteieyd pdeatpentyl, and

i ncl udes 5 al nunbers and fracti ons subsuned w thin

the hide. AHFB(@%TO(JES @10111116{ for sxamplp.Ulges] 21carbonsatorps, ItoBxcarbag atoms, or
pr%fe%_%m}, ’to%&% (;I}l is to be understood that all
ers

r ac 1ons thereof are presuned to be
modi Thetriy pédiRofcatkyl™ @fnuta 4 fully fliirinatet enam)delbﬁtt shraight or

that "a" _as used herein_. includes bo the s ul ar
brzpeheg) ‘EN‘%‘F or ggyeliceyapraige Rygrocsr g%r@lﬁagsgcpraa, i, EXgpple, CFs-,

Cg r‘gﬁ PRy %% Lmogm)@%ut @@@F(é&d@}@fﬁ@h&&)@z-

andsthp likpyDne d>renolehwhydd; acemtic-(Fengnpups mmay be tstu@tlltutkéwnh a catenary

Al kyl groups jinclude or e rbon
ofyestver M B BBAs dpEreor Lo ErebBTy Gy i the tike
PEALBRIAIEA FFips iﬂ%ﬁld%efoﬂbxﬁﬁ[ﬁ 1B] LRy %akb’dn at6 @b §iréfetaB1R3 to 6 carbon
fully fluorinated nonoval ent straight or branche

atoysl i c or acyclic, saturated hydrocarbon radical such

as, for exanmple, CF3-, 15 CF3CF2-, CF3CF2CF2-,

( CF3) 2CFCF2CF( CF3) CF2-, CF3CF( CF2CF3) CF2CF( CF3) CF2-,

Danded DRsdritien One or nore non-adj acent - CF2- groups

may be substituted with a catenary _oxygen or_ nitrog

at onCemPRSHEns eighisdnvenpp., coepg@ﬂz@nﬁi(mseéﬁzlfaﬁé%a& ?Féd such as

hﬁcgggen @fcfrfde%)lﬁ%ﬂ oy h @eﬂtfb%ﬂé&?gﬂégﬁefuf th@%ﬁﬁ%seetch]o fhtions

on atons pre erapnly car on at ons.
performed on substrates such as those that may be required for operations in the

manufacture of semiconductors. As used herein “substrate” will refer to wafers and chips
used in semiconductor manufacture, including silicon, germanium, GaAs, InP and other
III-V and II-VI compound semiconductors. The compositions can effectively convert
hydrophilic silicon oxides to soluble or volatile silicon fluorides.

Other substrates, such as metals may also be etched by appropriate selection of the
acid. The fluorinated surfactant effectively reduces the surface tension of the aqueous acid,

allowing effective wetting of the substrate.
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Det ai | ed Description Conpositions of this invention,
conprising a fluorinated surfactant, an acid such as

whyanogem f | uori de and oni um fl uori de conpl ex BECEUS2003/028606

useful in the various etch operations perfornmed on
substrates such as those that may be required for

oper &t j ] f
o0 2B bhgh o BN WPy R GOPYEH B (i
wihichds espesialiy drapetteit ar smahpdamadtryr @atterns ahd (ﬂa)rrfgatsrds |vut1n],arge aspect
OB Pa B BH AR Beticth Ao 5i99] i BRG ghness all of which may

le‘iﬁft(? E{t}%ﬂﬁ%ﬁierﬁ ﬁMﬁFﬁufa&Fﬁﬁé’%‘cieh@y 8y idv&‘éi’ QgQ?é!rEéé?sStotlﬁ’crease wafer

sol u or vo atile silicon fluorid
yEith by datressingdedming times & sicrease \aafsnpﬂwdu@tantmd)ytﬁ}lowing for longer

approprJj ate ele tion of the i d. The fluorinated
e@ﬁ?’f‘*‘i@t#ﬁﬁ? %(? %‘il?fl{‘)éﬁfﬁé’&m?ar? urface tension of

the ggu ﬁﬁﬁ%v&?%%fomﬁh&@ié"dﬁ@ ieH B thY oWBlrFdcBPerRfont dF8he etch
substrate. -4 2004/ 044091 PCT/ US2003/ 028606 The

sattitn demiodks flierinagadduniaciant usqid tvHiich ¢amirentiesan thfatmproved wetting

f h d [ | t
of e gt gl lafPhs HebE R 3aFRPECHE et R &P 0
dRERRE, gréfa;tabgﬂessrtﬁ@w%dymrcm é‘ﬂdﬂ 18b& peeTeiaBIV ek écil 5 ﬁmdzo
reduced surface ro%hness all of which may lead to

dymasfcav whemmsasuie et fG@cturing efficiency by |owering
def e%g e?eﬂtquyesa8§ Rt’éﬁ)}&% aﬁwétrn%ug ’etcﬂ oﬂt‘ﬁ%ﬁ %Qﬁl:pﬂgmg an acid and a

cl eani n ease uct ion O

s@dfActait 0otHedornhamger etch bath I|fe by reduci ng
filtrati on | osses of surfactant. The inproved
Rpwt’p@:rNraRcMs due in part to the |low surface tension

f luti e .to the fluorinated
W%GWF% f%fr?t‘g tt?scg‘épewaﬁ’ﬂ%éﬁfquipbut es to the inproved
RWe{ 1 ﬁgalk forbl}e adyif AGaKky] gﬂ&ﬁ? S fligA SRS o®f, ahhe

et ch’ sol utions aré general ess than 50 10 dynes/cm
abnyhtfaém&blaye grew ot Mam@@a]étyhgl@llp,m and rmst preferably

ofF SEERR RoETeSiop YT Bl Sl TR HEF el AT iy uorice

c6@PRKkI Sing an acid and a surfact ant of the formul a:
Rf SO2N-R'M+ 15 wherein Rf is
per f (The RoaTquplis gperfiyoripated glkpl ngHP QWW foFIth) 1%carbon atoms, .

o FEACKSY, PSR SO e B0 s o e
unbranched, branched, or cyclic and preferably are unbranched. Catenary heteroatoms
such as divalent oxygen, trivalent nitrogen or hexavalent sulfur may interrupt the skeletal
chain, (i.e. replace one or more non-adjacent —~CF,- groups). When Ry is or contains a
cyclic structure, such structure preferably has 5 or 6 ring members, 1 or 2 of which can be
catenary heteroatoms. The alkylene radical Ry is also free of ethylenic or other carbon-
carbon unsaturation: e.g., it is a saturated aliphatic, cycloaliphatic or heterocyclic
monovalent group.

Many previously known fluorinated surfactants contain perfluorooctyl moieties,
such as the perfluorooctanesulfonate anion (PFOS). It has been reported that certain

perfluorooctyl-containing compounds may tend to bio-accumulate in living organisms;

this tendency has been cited as a potential concern regarding some fluorochemical

_5-
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and Mt is a cation. Preferably said acid is hydrogen
fluoride and/or an oniumfluoride conplex. 20 The Rf

w@e@ap44081 a perfl uorinated al kyl group havi ng PCDDOSZ03/628606

12 carbon atons,, wth 3 to 6 carbon atons preferred.

The Rf perfluorinated alkyl groups may be unbranched,
CQ&?BH@QF%I‘Hxaﬁ%)fé, k& BRAPRIERT 196 aPkyg S8 EARBr @neNed: » result, there is
Catenary heteroatons such as dival ent oxygen,

atdebiveafoe filoring-c o eiming suhfastanta vénch sralefiactivedy prowiding dpsired

ptﬁ ﬁg%%%,?@ﬂltwméggﬂlrg&agfﬁgr)eerf tlé?aF?}%Fr%n ethg ioa%hg%}}lﬂlgg Ahe tendency
of heCblgositidh laHE ity Ei@%ra%atr!ﬁ%l prbdueghure preferably has 5

or 6 _ring nenbers, of which can be catenary
het ediaespestedihat the kyifastanty efdthe pres@yt inventipr,ovifiele eorgdin anions

o T Bty Bbdfon R SRS ¥ e B Pon oft, when

eﬂﬁés@ﬂ eshiol dgical, YRR | R atigE, AbyArol Mad) ¥ind pEMbBS lcyndifloMd found in

fluorinated surfactants contain perfl uorooctyl _

thepgreiroagent, 3l brpel dawnite fnstpnal ghogsba@ftupuedaphna degradation

p?&iu?,{l tﬁ;ﬁ Exgiﬁ)n'of Lfo-&%ﬁmﬁﬁ?@ Fof Q)%%qug c%ﬁ@tom?lgﬁg & tHe present invention
pertluorooctyl -containing conpounds y tend to

cbin@risiag dpetfaiceobutyll aietyg suwhga U GF;CF 0, S atesixpedcted tdelininate
been cited as a potential concern regarding sone

ote .

from, e bors mase pifeasively thapperdaawbexypcard jspdomorefrst vely than
. . | L, S

pPRTRRORER-. TSP AN drotehBl chlpBuintAl R, eroufHPPHHa 1

iddluder penfduaraliy bgnoiipy Codlisf.actcmtetisinghitotial efi toef faglodii atemisn

o o e S errungy ve b analabayiverntial ag fnlAhdRgsieyr an
affindaey] %@dgigpﬁi pdrQBu AN R infag Béeaaraﬁ%agc?%e&rt@éﬂfaﬁﬁma ~GH,l,,a

IS expect that the surfactants o pr esent

hygdnpapialkplrgrowhpithe domudd nCebhipyd M, anvilkylamiseatiidesdfithe frgmula

_gggm’ﬁﬁﬁmﬁeﬁa}/r{ %I)S%\glggrgg)t( Sl%t(‘flfg}egtgl;r%llélg?—rdpﬁgtr- F'f:o% ralq %pmnoalkyl group

of ¥iedairhive ~ ML NRIR Y, aheanslisphahtebattofd 16 andbrefepitsy fl @6dnd R?
in_,the environnent, Wl break down to functional,
agé By arecipdensndenityr 3 on plkshergups efcpneite six qarhomasems.(hgtR" group may
A b R B SRS AL S RO PR K0P feptace by o
—@pioe )R> sgrohp ateh3RERCHAITE 2r 2 CateCexlkgtgedptlois preferred that such
elimnate from.the body nore effective han
CRIERETY GTRTER PPt 213 torﬁrl?:%erﬁﬁtf’gl’ é‘F‘fheaétfP%@n‘% Huthe hydroxyalkyl or
ResdALar L Yok th Iflq% Lhis reason preferred enbodi nents
aof th%qﬁf%gr oupei n r(c))r la | include perfluoralkyl
gr oup¥ith @sparntd Fomuula RiMT representoinghonghnis of orgnisarabiom Suitable

ir?grga%é cations include metal cations, including transition metal cations, and alkali- and

alkali earth metal cations. Suitable organic cations include onium cations such as
ammonium, including primary, secondary, tertiary and quaternary ammonium cations,
sulfonium, and phosphonium cations. For many etching application, such as in the
preparing of semiconductors, metals may have a deleterious effect on the subsequent
electronic performance of the devices and for this reason, ammonium, including primary,

secondary, tertiary and quaternary ammonium cations are preferred.
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The Rl group may be a H, an al kyl, a hydroxyal kyl, an
al kyl am ne oxide or an 15 am noal kyl group. In

w@2ootiocwbar, RL nmay be an al kyl group of the fRPCHUEZ03/028606

- CpH2p+1, a hydroxyal kyl group of the fornula -CpHz2p
OH, an al kyl am ne oxide of the fornmula

- CPH%@MB@%Q@ saﬁoﬁxﬂﬁﬁésclﬁ fﬁé(yeg&%d% déﬁﬁbé&{ﬂ‘p'sadf,sm,zsa,
_CpHo .

2; or an am noal ky fornu
(Mﬁﬁbﬂ(e—d‘tIRBRﬂ“hem]émempdd: saltoof E(mnEQEH noly bt geperbed by reacting a

refe to.6.a R4 are in endent H )
BiBafRd ot e SorpRia RS p 8% sFapg bisclsb dmas A piiibee)-cohicred anion
(gmgq@mmméRggbﬂpRther conprise a catenary oxygen or
nitrogen atom where a -CH2- gr m£ is replace by a -0-

or - Nm.etcgrs@hplmakbmp@arp@ by aombining, imanylomder, @& aqueous acid

ef.erred t cat ena ato .
e bl b R REFRAT g B0 s R o b TRE R PR Ruoriae
ahb an Y RHO RN deydonilex. Fat BLial Ay ISllﬁf)ﬁ’ witsstrafes L dd@cdRtration of hydrogen
fProup Wth respect to Fornula | represent an

uegieley ey vas wisleljame cirem(G o, 495t %aéﬂ@ndme anbe gebsirete and the

ek MRs &Pl(}%ggra '@ teh&ﬁ? 6 df'oﬂg aB Q)Si t.%. If an
L%[ % Caltrl ons, Hg ﬁ }% ear{;lﬁ ne aﬁﬁw

onéinh ﬂusmdeSwrﬁpib;k such Mnmomam mmmdenfsl subgitaed fien all or part of the
cations such as _ammpni.um including pri

i dhaemaeynt of gherqnign) Tpeidemay be ﬁaﬁeynax%mﬂaﬁrﬁ@éﬂdowgwalent
sul f Olrllfelimenﬁeg Rﬁqas t&ﬁﬁbt%éﬁge FRtR 2 flg)'égg@w Bh@BifBhe substrate

appl i cation, prep
veitnthe @tn:&iu;ohxblps of thmantm;foﬂmMme and:l eﬂ etearpecatse stiffecint to effect

n. the ubseq onhi c_performance, of the
(e 0isEEL BeEe b Ching ol T rBia e 4 pande Fjoon substrate and
thY ¢8R EMutlorﬁﬁ%%iﬁ*ﬁfé& oxtl@é StbiREu @G HasceRt B At eYei R MNR Rt an
cations are Ere erred. -6 WD 2004/ 044091

oRgizedSPme/s0beBUss efibed pbEHEAE] Ifslamf@namedrésprnws tmly further
d hed 7
oBEEL G20 R ERRm e ellpotugn £y S0fid e 1R oFE

egdaInadne dh®d YoltBACna Ye @inscRIORTRIO Watkr @ndtﬂ?@fefdblynﬂﬁlémlzed water. In
RrSO2NR H with strong base to forma nitrogen-centered
agpihghemprdimprt. theraith luytiongs sl repkcth é;vﬂéltcgwns?@ri itatesrn a
d by conbining, in any order, the
gg%%rggts&fg?%wand the fluorinated surfact ant
Pr ef dihaletoh prbeese hrzly fewhartindudicg mdrylﬁg Step wdiered@ rhe rinse solution is
fluorj um fl voride co For oxi di ze

e and an o
TERPYCoH lﬁtﬁ?sstqrg’f% thhe SHrbehERstplg s ash ¥/{hg gaplication or geat forced
alrl HRHLARNTEY sYREM Bt Shok as! anealcofh()PEfdtQ ok 1&%1643?01’{\45 18 he Cjited vapors

dépendi ng on the substrate and the etch rate desire
OGemehemﬂwmhaheldgdméntrat|on of HF is formabout 0.1

R IO N T —
it ﬁ@ferred to stabilize the solution and to reduce the variation in the amount of free HF.
Such buffered oxide etch solutions may comprise 0.1 to 10 weight % HF and 20 to 40
weight % of onium fluoride, such as ammonium fluoride. Such solutions will generally
have pH values of from 2 to 7.5.

The HF may be aqueous HF per se (i.e. diluted 49% HF), or may be used in the
form of an onium fluoride complex. Such complexes, known as “onium poly(hydrogen

fluorides)” have the general formula BH'(HF),F~ where B is an electron-pair donor base
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HF, the amount of the oniumfluoride may be determ ned
by the HF acid equivalent. The invention provides a

wpe@emswof or et ching a substrate by contacti ngp@T1€S2003/028606

substrate wth the etch solution of the invention for
atime and at a tenperature sufficient to effect the

A it afl nﬁ?& een&hl1eH6M NG. 10Pr 80 eﬁa@devoxo&lhﬁn-s WRSInAIS,
| Z

is an oxi ed silicon substrate and 15 theé etch
m'@ldmuilr@n and phosphiprigpe pobxhyisogandiuosisles)t Sueh ergum complexes are less

ri.b zed s on )
ATREE DB o AR gty BeyBRACUPlippiafies pdangispgh oo
q@h@%@§ aﬂ%&YabﬂdJﬁ@h&i thaCRBBY the €osk b€ HH ien @lirihg BEtiN&idnN Burther
etch solution fromthe etched substrate. I n one

efiaﬁ@aﬁlcmsﬁﬁfgardmgélsgm geiughcarBRleRRs mashalpungl imSywhetic Flnotine
. i
GUELGRE Rttt POl Rt | aoMARER P OB PiYlyarogen

ﬂAﬂ)thS)l me 2ardid g @if ad]n}ehlbuﬁtydkb gendleside fogn@kskr, PpslRCwsRyY and
y further | ncl udi ng @/l ng step whereby the rinse

Sboap NGB ol Nev ¥ 9tke @0Ps @ﬁ? e surface of the etched
substfat

S DS R M S 1B RotibolifiEnaR drOANAA be s RAior HHEAEr aqueons
I‘lﬂiiblhan gueommrisndhioride thmpler ails @tbfmabblr stibstafitiAlySedevdother

such .as _an al cohol.. 25 For the etchi of. Si 02
ORGP AR 45 O, PATISTIN a5 QO O PP ER I e to effectively

e@&ﬂﬁé 8icort Surficgheihe %Qa)&lﬁuﬁltlﬁ{é' du'rlﬁg tﬁéﬁaﬁ%&ﬁh é]%l%@ﬁsstaﬁd not

reduce the variation in the anoun free HE
leayefresidugsoxi de et ch sol utions rmy corrprl se 0.1 to 10
% of oni um

wei % HE i.ght

cuuch LAY R AP fef PoliBet e TG cotifios ShaibisORen St many
igeareatheYise baMmEoRghhi¢ablvest miy fnﬁlﬁave?tﬂeg)e?foﬁna&@ Iﬂi‘ﬁcdﬂﬁly the
may be aqueous HF per se (i.e, diluted 49% HF

nmay
p@ét iilgaion RerkarEIang s O hstelainschifiomhyt mmspvide belxty of the
pal .
GRS KOS O Y B g ppens oy
aBvarsageousty éotvarahe @dtical tosedle chasatration Yi0he 6044Pdd 09skful organic
PCT/ us20Q3/ 0386 6 nd X i an_integer generally from
SQIvERS 1Y 1AHHCT PRARLAAC AT B OSH DR aR et ethe or
1Yol G R poé?’éﬂ‘i’er@ﬁ%% %th@? al@Qllldig hy fsoﬂﬁﬁkthyfl forr?amlde

fluodrides) uch oni um conpl exes ar'e | ess
akefgmitrgloy acetoing.edimatylsatioxide mand arpohdtepu Tts selectiomarfisolvents may be

HF%%W arte r%f’certggﬂég Sf%le _‘S(zm um! conPI exes al,ﬁé(t)bae?llggg
di st it} deatrb@®Mhe Eteh kH@FioP nak FRRER CbAPrisSH 8 Bhd Surd e |in addition
oni um conpl exes nmay be found in Synthetic Fluorine

t@ﬂ@ﬁp@f@cptgnt offermgalad. S@bakconsk sugfactani@iinaduds, both fluorinated and non-
ﬂuol’ﬂ'ffﬁgél E\ﬁ’ﬂc?a%tsmgucﬁ a@fe%“o %'IM Qhey eqéhqgg art. Reference may be made to

Kikuyama et al., IEEE Transactions on Semiconductor Manufacturing, Vol. 3, 1990, pp

99-108. Generally, the second surfactant may comprise 0 to 80 weight % of the total
surfactant; the total amount of first and second surfactants comprising 10 to 1000 parts per
million. |
The surfactant is used in amounts sufficient to reduce the surface tension of the
solution to the desired degree. For wet etching of silicon substrates, the surfactant is

generally used in amounts sufficient to reduce the surface tension of the resulting solution
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fluorides): the tam ng of anhydrous hydrogen fl uoride
for synthesis", John Wley and Sons, New York, New

WO Yonk440pp. 163-204. The HF useful in conposit PONESEN028606

processes of this invention, whether agueous 10 HF or
an aqueous onium fluoride conmplex, is preferably

t6 BO Ay AR bt Mesd, %@&eﬁﬁly@ﬂ@’nes/@ﬁ%@éﬁ%.@éﬁe‘fal%ﬁ%@ s@lBtion comprises

metals, particulates and non-volatile resi s in
18rte d POQ pargss pes enillioml of sudaeiantt and is prefereblysiPOfta §60 parts pee million.

S, IO s RG5! P GEFRT PR

ténsidrhaid 16:28R0bIAE MBleOdaRddh saBtited)tAbdvB 1080 Yartslffer million, there is
I nstances the use of an organic solvent may inprove

It lppypeRi A the nsepartiesnfhg splytinn orgbe perforimaneg ingiching.
per f of.. . S0l Ut | ' vj ng. -
e RS G LA S LR rucrina
sacfactatshydrogsnl fitidriale and bniusn Hedridey pefdriisly agmgieiing fluoride, may be
sol vent s may _ advant ageously_ | ower the critjcal
PG @ gieh g SR aerofta; iFoarwaleie Inspattig ata i, soliongnay be used to etch a

\ i | t . .
S008I 50RY SO oy | ) Pl S EBL SRR ren
tp viey, @ant eulsequanbly @schg fiyerfestured afoloh deviestlesding i dubddmy |

for 1de, . acetonitrile, acetone, dinethylsulfoxide
and "D e et buvierbviot e PWﬁ%S&g Hragpe M
minfuPackib SWRNE theliSotelpadletcih g %Ellia}vio?W SHEHERN: its cl:llglility, the high

I nternati onal, Cctober 198 desired, the et

selettintiiyofor pteling @i shicon onidp ($i€k) aves ediond (Si)isf agemendous advantage

addition. to the surfactant. of For . Such s :
Bk P i SrobForasi got KR e e ondi s BOR tolutions
fhil toful1p oSingd iht 36{aBRbAtaSUesaHd bR oA Wb fehfdins, thereby
etching art. Reference may be nmade to Ki kuyama et al .,

creatipg #ef8Aisact i ons on Seni conduct or Manuf acturing, Vol.

3, 19%fer sﬁBstraggsi %Q)g%ls%‘? gt%?éct}gyo?ﬂp?ﬁ%%?% ?eg%ti%ﬁ ro% a3t a%ﬂ{ or acid

may conpri se
nsintfra Ckadtindivhe nicdytalenanppiatinueh afid highroamdsubegaiedmay be etched

syrfactants conprijsing 10 to 1000 parts per mllion. )
WAth ermEXtaigo G PR plopis 2 atiie ﬁméwﬁmén%whsga@ﬁfnwe etched with a

iSRS §fdﬁﬂb§pl§ﬂfcfzﬁ‘ﬁ%ittrﬁ N81de Mn@fmd tiozﬂli}' IR ta@etdd1R:id as a buffer.

desired degree. For wet etchin con substrates,
Silieonsubsteatgsanay besetclipdneitiah mixtuseef hiydrefhmouics sitric and acetic acids. In

ffigient t d th f t [ th .
SPAEh e out Aot TR S B8 e s peice e
pleVi Ry IREFHLTASIRITE Sstch RIGELAT AR Ye FRpA¥AVSNE R Bixture of

| ess. Gener al Iq)llbt he sol ution conprises 10 to 1000

chepmigmgapxige ppd bydrefluenig dcad toadetermangiddfectp inedingla bfyptal sificon.
to 500 parts per mllion.

Test Methods

Test Procedure I — Surface Tension Determination

All surface tensions were determined using a Kruss K12 Tensiometer. The
program was run using a Wilhelmy platinum plate (PL12) and plastic sample vessel
(HDPE). All parts referenced above, except for the plastic sample vessel, but including

instrument and computer are available from Kruss USA, Charlotte, NC.
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Bel ow 10 parts per mllion the solution may not
exhibit the desirable reduced surface tension and

wo 200g04400nt act angl e on silicon substrate. AbORET/LAMO3/028606
parts per mllion, there is 5 little inprovenent in
the properties of the solution or the performance in
etching. The buffered oxide etch solution conprising
an aqueous solution of fluorinated surfactant,
Iﬂ&dﬂ@g@mnmnuoride and onium fluoride, preferably

anmoni Iuor de sed e.surface o

e el Pt o TR et 2R M TR K T iR 55 Gut program
ingedbdtwitiethe Brinknin@ Tigmbl4aC soffwareng a resi st mask.

Conventi onal buffered oxi de etch solutions often

failed 10 to wet, and subsequently etch, fine

JEthZU{SefEﬁ;Aﬁﬂgﬁmiﬁ%ﬁ | eading to defects. BCE
e

hants are used inh stahdard oxi de etch processes in
[HANCHOCHeHYENVSH(OH)TER .1 QCEL CHlils S [© CHATH(EIH ) e NED |
et ching behavior of BOE can [im¢t its utlllty, t he
(#igh- 5)s%‘faélél?lP\ﬁoln}/HPB‘isméPcﬂ?Wle silicon oxide (Si02)
over silicon (Si) is a trenmendous advantage over dry
et ching processes, such as reactive ion etch (R E)
P@pavz&iumicrﬁtﬁé] I(EI()E_CsEdSl(IIZN@I(éIzHH)H}ai | to fully flowinto

l.es and so of the oxide remains

the s act (0]
t her é%? glé?l%‘“c‘l“éppeé"i‘f ansosEhead SEE S rmoeqple, and
r%ﬁé&ﬁ%e@%a@&&frg&f Wwith @4159@039&{2(290(5?3: g,td@ ﬁ%leg) thy%b Qarbonate

m xture. Gold, indium nolybdenum platinum an

(%igxrb?ﬁemlﬂs)s tanés@bummyﬂimatet(é&é &; OwiiStonoles; A a>g€@|3)e Tbé mixture was
ocC. ri.c an s. Al.u nun1su

R ierita 86 fo rdFaton HOERR SR e SRl R fbo R 154 5

1375 iSles)pnsh Ama¥d et themdiktite was hetded R @h agdifi6h4l 185héurs. After

buffer. Silicon substrates 0X‘ebe etched with a

addligionaletipfienecarhonrigdiI4e; h mokeshias addedithe haFhiwas fhen heated for
t uori nated surfactant is used in anpbunts
gg%&? a“lzl"fiﬁzl‘()ljr%he buffered oxide etch previously
descrlihsadixtufe Hhiddolet ©BABO] atid dbﬁbrﬁﬁeﬂ waten(10pddd viusiatided,
m xture_of chropniumtrioxide and hydrofl uyoric acid
f@&ow@tl&f HHithyeic &%‘fiég]? & FORCERtiRip®- ?s‘hey%%t%h was pgitagsl for 98 minutes and
I t e
sifzhls W RBAAGR, R AGE SuPatlon intdh/oAiselC T Mper pqueous phase
laysi mys eenkorved by KbRuule agiictien end délihmzecB@'apr O0AmMmpway adued to the

<85t Speuc oo R e R o et e B 30 miutes
T&% ¢&Rt oA Alixtubew ﬁﬁﬁé&lnﬁ@m;ﬁra\(&?%ﬁnel Bd tHeﬁGWé&dér%%lAi\c phase was

i nstrunment and conputer are available from Kruss
seprartedfrom thjygpper@queous phase to yield 2163 g of crude C4FoS OZNH(C2H4OH)

GC analysis indicated that the crude material contained 66% of the desired
material. Crude C4FoSO,NH(C,H,OH) was placed in a three-liter flask equipped with an
overhead stirrer, thermocouple, vacuum gauge, and a six plate sieve tray distillation
column along with associated distillation head and receiver. Water was removed under
reduced pressure until the pot temperature reached 87°C (@ 29 mm Hg), followed by
fractional distillation. High purity C4FsSO,NH(C,H4OH) (greater than 95% gc assay) was
collected at head temperatures of 120-134°C, pot temperatures of 156-170°C, and vacuum
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WD 2004/ 044091 PCT/ US2003/ 028606 pKa Measurenent pKa
val ues were neasured by titration with 0.10 N HC

waigiong4@moconput er program included with the BrCTKSRN3028606

Titrino 4.4 software. 5 JEFF+2 is JEFFAM NETm XJT- 500;

| NCH( CH_ HIr QCH( CH) CH9, 1ar OCH2CH10CH2CH( CH3cN_H__21

of 3xCmé Ak; Adval ba078 of s dibil ﬁecti’ﬁlf&t %rbo-ﬁb/ersﬂag the percent
Preparation of FC 1000; C4F9SQ2 H(C2 L round

yirdd wos7#%ask equi pped with an overhead sti rrer

t hernocoupl e, and reflux condenser was charged wi th
CAF9SO2NH2 (2000 g; 6.69 npoles), ethylene carbonate

Piei/atdn o2 FB-2000,85)F,S@NHs0di um car bonate (48.5 g;
0.45 noles; Na2CO3). The nmixture was heated, with

sti r i Bgeckad rompbhatiom Hask fiswt withe Ctﬂldu fglaet eandgpyes (-78°C), an
o%@%%cﬁ&ﬁre‘f QI%]&%S 1(3 Jagé tag) dasglé tLilbe7t§r )thWaf%gg%gd with

u e vva or an a onal

phﬁfhfoﬁobu@gfrfeaﬂfon@rﬁﬂuémdm@!BSﬂ Bgo.egel Gambm@ﬁetvaﬂéﬂlé ﬁom Sigma-
1.75 nol es) was added the batch was_then heated f

Pdﬂﬂ%{éipmpaﬁawna isgprepy} ethera0 b Atk oB U EEa-Algrich) and
PR 5 A B B0l 08153 ) wos e

ogeart a:permlsofé@mm e ffimnl tBﬁlpmiatm’e eﬁtlmnﬂxuﬂé)ms i18%3.ng was

di scoIntl nued, all ow ng ar ati.qn i.nto two phases. The
upper! B3 REBES B alEv Pyt T gy PG i R temperature,
tﬁ’e?ﬁhé b1van wRUidekeni Ztﬁﬂ)sﬁ%ﬁrprés%&gOWﬁeﬂ 5ot 3dBRGatu R reached

remai ning organic |layer and the mxtures was
9§f¢ rth@td:nalem@@ setpping waametrccbtm74°€@nmdnwn€sd war@dded (400 mL)

athLtéy N i {é&iﬁlﬁg%gﬁé?&%ﬁiar%%g 1{ Eﬁrquﬁéature below

SYRD ETheAAUBOMS fRinRE Fort oMt B3 Fhikdt&3hen Qlﬁe @ﬂpéﬂ €queous phase was
CAFOSO2NH( C2HACH). 25 GC anal ysis indicated that the

rernohsl. Wh@ espling sekd wiap waswdoy it aqueeuyurivrie @cigdp@-Pigaronc; 95% in

ARt gy 1,2 ves 1

t her r‘mlemmhﬁe wasbedted galgivenartthaved hmdq:rlvatuam wethew dteaffowing
distillation colum along with ass

(PR 1 AP RSO B NG EHIRe R Jaie: Thfaihwas isolated by

&S 0
A OSSO 00 LIPS AN e o

sdlidtCFh DN, (3% Iyleﬂxi)waswbmﬁfﬁBOZ NH( C2HAOH) (greater
than 95% gc assay) was collected at head tenperatures

of 120-134 ratur f -170C, and vacuum
Poparaion ot 16-3800; & 88N o 384
C4FsSO,NH CH>CH,OH (20.1 g; 0.059 moles; as prepared above), KOH (3.9 g; 0.059

mole; 85%) and deionized water (66.0 g) were stirred at room temperature for 30 minutes

until a relatively homogenous solution was formed. pH was found to be 12-13. The
solution was filtered into a plastic bottle to give 89 g of a 25.3% solids aqueous solution of
C4FoSO,N(-)CH,CH,0H (K.

Preparation of FC-4000; C;FoSO,N(-)H (K*)

C4FoSO,NH, (10.0 g; 0.059 moles; as prepared above), KOH (1.8 g; 0.059 mole; 85%)

and 30 g of deionized water (30.0 g) were stirred at room temperature for 30 minutes until
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_10 WD 2004/ 044091 PCT/US2003/028606 of 4-9 mm Hg;, A
total of 1075 g was isolated (correcting for %

weorwesedon, the percent yield was 74% . PrepeCHUSIN3/028606
of FC-2000; CAF9S2NH2 5 A 3-necked round bottom fl ask
fitted with a cold finger condenser (-78C), an

areYa?fvelS@n% éggﬁ&%rs'ol or ﬁ%&%@ ﬁr\gasafoﬁhcﬁ%lﬁecliF@q‘He‘%Blutmn

was C pertl uorobut anesul f onyl
Wﬁd fillegredl it PBREktic bOle Bo give 518 ofrmR&8% solisls lagidous foelotien of

- Al drjch Conpany) and isopropyl ether (600 ni;
Cd:\?gplzl}%}}é(lﬁr)om Sigma-Al drich) and placed in a bath of

roomtenperature water. Amonia gas (90.0 g; 5.3 nole)
was added 10 over a period of 3 hours. The final
Pﬁepaimeorabmﬁ@—SOOO'tMg&@QNHCHzGHsCHNCPTM m xture was

. L‘pé&%{ﬂhﬁ éVSatS IP%QJ%%/F %gg I%M%ctr??)rquﬁ% t?igpfcrclecrh%% rIl]tescrlbed in WO
9#&6@%@%?&%& %ﬁ%ﬁaramem hpwhalhd &mepticH tee r eached

C, the tenperature setpoint was |owered to 74C and
Cdév&@al\ﬁé@Hy@HﬁHM@éﬁ)z(weﬂE‘;ed widh |aonelar egpivalent

EENRN R RO GRRsC. e bat ch vas st 1red for

about 15 m nutes then the upper aqueous phase was

renoved. The resulting solid was washed with aqueous
Prephufation @f 5@%@095@469@%@526@5@@ (Iﬁ) 400 L water),
t hen i § B SRk Ol GRRA YL EGLO0d il wille il MHLA RS,
heate ven renmoved un acuum wi th wat er

tHehﬁaMdﬂlgle fdﬂuﬂwgi;]id%dser anhdrdetieemanttd whs ¢Itaegddam¢mc4F9802NH2 (58 g;
tenperture reached 7
0@P3rqles; 46 prspaigd amveﬁolgﬁoér(g 7tge9&§rfa e tsi %{t{if (60 mL) and
bbia (25 g; 0.22 mol
RGBT % STy o, SRR 600, gt 28 22 e

Preparation o

SFg,(ﬁaa@ADﬂzcthEQ SRN(n) ﬂmemwatu(rst dergsapaged oM EERd

e s e Bevh e Ran o et 81 BB S ypaged. The

uBper g8 Iﬁfasé RAMLANRE bt antielidcarded eavinpthe s/hitd Bolid, ta Wh1ch water
rel atively honbgenous sol ution was forned.

(359unb) wes ktded DWagsr wek gemeysd e iyishd %%SQZN@}(%&ZCFW @3-1g:74%

geb)cﬁsti c bottle to give 89 g of a 25.3% solids aqueous
ution of CAF9SO2N(-)CH2CH2OH (KK). 30 Preparation

of FG& A00kke b@éﬂ%%@%ﬂarg)eﬂl wltﬁ«)tmageammqmmmg g), KOH (0.55
0. 059 nol es; 6pr ared above) §( gll g; 059
g},@mcbdeugg%d water (60 mL). The bottle was "shaken until a clear solutlons was
obtained. This yielded a solution of C,FoSO,N(-)CH,CO,Na (K" 4.7%).
The pKa of the C4FoSO,N(-)CH2CO,Na (K™ solution (4.7%) was determined as described
above. Two endpoints were noted, and the pK, values associated with those endpoints are

listed in Table 1. Surface tension measurements in BOE are reported in Table 2.

Preparation of FC-7000; [C4FsSO,N(-)CH,CH20H]> JEFF*

A 2 ounce bottle was charged with C4FoSO,N(H)CH,CH,OH (2.0 g g; 0.0053
mole; as prepared above) and JEFFAMINE™ XIJT 500 (1.24 g; 0.0029 moles). A thick,
clear liquid formed which was then heafced to 60-80°C and manually agitated for 5
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and 30 g of deionized water (30.0 g) were stirred at
roomtenperature for 30 mnutes until - 11 WO

wWQOm400#4091 PCT/ US2003/ 028606 a rel atively hpomys2003/628606

solution was fornmed. pH was found to be 12-13. The
solution was filtered into a plastic bottle to give

51 . 8% s j :
nihpdothr ey iy oyt BUBRT, B e s o sive a clear gass,
[CATFRSAR NEEHZ BT NEEFE) 204 BTwhOH0w asasadilyeqpdibdelin water.

essentially accaording to t C } i.Nn

071 4628auas GG B 15H3S OPNEoa RoNEbT R TL) CUgOck e was
pﬁé&r@@%ﬁ@ﬁl&tsﬁﬁfﬁce RG] Wel BHGHAGER £ BNG PedPFocedure 1: Surface

replaced with a nolar equivalent of C4F9S
TERMAVR BHiPEhANIIEd3be@ abovEO TR eproas sawvtiarf widldenoned to have

FOSO2N( - ) (K+) A1 L 3-necked round bottom
SYr a&%@“@d’&l"é%@%@%ﬂh nmechani cal stirrer,

t her mocoupl e, reflux condenser and heating mantl e was

charged with C4F9SO2NH2 (58 g; 0.20 noles; as
Tpblepar ed above), NaOH (8.7 g; 0.22 noles; pellets) and
PHavaoed @Amidesand 15 heated at 98C for 45 minutes.
Upon coghmp to 760G, ClEkR@@RNa (2p g; 0.22 noles,

S gma-ARR G N, Was pdded angd the tenper atﬁre was t hen
T and makmrai ned for 18 hours. Water
mat%l‘ﬁ?. & QﬁécﬂLH%G ) gﬁir??@wﬁli te solid appear ed.
The @?I qui d phase ‘'was decant ed of f and di scar ded
. il v solid—to-whiech—Water (250 nL) was
added. Water was renoved to yield CAF9SO2N( H) CH2CO2ZNa
Pteparatioy of BrdfaredpOxide diteh Examnleunce bottl e was char ged

2 SRR RSB IR B

tiel 381 BOEWbhiweios. Memixahioaiingl). contuisedyl% lsddattant bglwit inomater

oHF N1 PO ABNPAR) VLB L D3 ToE OF WAl IPA /-

bgﬁhagﬁéigﬁi e@%a@? @?ﬁ:il befby 42) 2BRAYE1. TR RASUHRIAES pHEfi® was
ted, and the p I

note a val ues associated with those ‘
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ne rements. i CE.a r.epo din Table 2 .
PR BLE ST QriDPY CBSTUGh: D P BSOBN PRt BER! figpsile
Oyt 86 eRRAM drew NS00, ARtk sWothBr#4& Asiel ¥ ThKTER2 CH2 OH
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Surface tension measurements were then made on the unfiltered and filtered
solutions (Vacuum Filter/Storage Systems, Sterile 0.22 micron PES Membrane, 50 mm
filter diameter, 250 mL Receiver cap; available from Corning, Corning, NY) according to
Test Procedure I: Surface Tension Determination described above. Results are listed in

Table 2.

Table 2.
Surface tension values (dyne/cm) for 500:1 BOE solutions containing surfactants at given

concentrations.

Example Fluorochemical Premix Solvent Surface Tension

in dyne/cm (post-
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Table 2. 25 Table 2. Surface tension values (dyne/cm
for 500:1 BCE solutions containing surfactants at

w@ewen4s0epncent rati ons. Exanpl e Fl uor ochen caPCPU8200X028606

Sol vent Surface Tension in dyne/cm (post- -13 WO
2004/ 044091 PCT/ US2003/ 028606 filtered ) Cl none
&fd-none added 93.0 (93.0) C2 FLUORAD FC-23** DI
Water 66.3 (66.9) C3 FC-17 DI Water 39.2 (73.6) 4
n-octylamne (@1000 DI Water 22.7 (22.9) ppm 1
1FC- 3@a0agpeovtter salatioh dob@ubing: 2 FC- 4000 DI Water 19.5
(*) 3 FC-500Q IPA /D Water 21.1 (30.8) 4 FC 6000 DI
Vate®) 11. #0099, F * not neasured ** Avail able from 3M
Comp@Ry, Jlsurfidttitof MY foliknthy can be prepared
essentially according to WO 01/30873 Al Exanple 1.
-14 WD 20@4+-09099L RPGT US2003/ 028606 We claim 1. An
aqueous etch solution conprising: a) an acid, and 5
b) avwdgrdimctant of the formula: R - SO2N=RL' MF

Wher%fri]s 5&1 koscgpgrﬂ&o?oacﬁ%ﬁ g?gﬁﬂc,l uor oal kyl group,

R!is H, an alkyl group, a hydroxyalkyl group, an alkylamine oxide group, an

alkylcarboxylate group or an aminoalkyl group, and M is a cation.

2. The etch solution of claim 1 wherein said acid comprises hydrogen fluoride and/or

an onium fluoride complex.

3. The etch solution of claim 1 wherein said alkyl, hydroxyalkyl, alkylamine oxide,

alkylcarboxylate or aminoalkyl groups of said R! group have from 1 to 6 carbon atoms.

4. The etch solution of claim 1 wherein R¢ is a C3 to Cg perfluoroalkyl group.

5. The etch solution of claim 1 comprising 10 to 1000 parts per million of said
surfactant.

6. The etch solution of claim 2 comprising 0.1 to 49 weight percent HF or onium

fluoride complex thereof.

7. The etch solution of claim 3 comprising 0.1 to 10 weight % HF and 20 to 40

weight % of ammonium fluoride.
8. The etch solution of claim 2 wherein said onium fluoride complex is selected from

pyridinium poly(hydrogen fluoride), oxonium poly(hydrogen fluoride), ammonium

poly(hydrogen fluoride), and phosphonium poly(hydrogen fluoride).

- 15 -
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Rl is H an al kyl group, a hydroxyal kyl group, an
al kyl am ne oxi de group, an 10 al kyl carboxyl ate group

w@eooan4@m noal kyl group, and M+ is a cation. 2PCT82003/028606

etch solution of claiml1l wherein said acid conprises
hydrogen fluoride and/or an onium fluoride conpl ex.
15 3. The etch solution of claim1l wherein said al kyl,
hydr oX yadtlkod of endhiyd comprisigxdaiéacting b lsybstatdooitly tretetchogolution of
' oﬁﬁk¥|ﬂ8§OUpS of said Rl group have from1l to 6

GIEE AL 4. The etch solution of claim1 wherein
Rf is a C3 to C6 perfluoroal kyl group. 20 5. The etch
solution of claim1 conprising 10 to 1000 parts per
1.1 | i Bre wethed pficlaigy P frheteamsaid 6ubstine iet silicen bubisiteis. of
claim2 conprising 0.1 to 49 wei ght percent HF or
onium fluoride conplex thereof. 25 7. The etch

10! utTHmetho€ be¢1ains 16 MBfeibiaidsiflcdn §ubstkite m@kﬁcted)ﬁﬁald solution
and 20 to 40 weight % of anmonium fl uoride. 8.

lé@aﬁef?éﬁmmne@masﬁmcwmrmzah@upémtmmddaa@ﬁmumhlwdu byemaslﬂng
I 30 pyridini um pol y(hydr ogen
%ﬁﬂ%ﬁﬁé?&uggéﬁs%ﬁggg#ﬁ%%ydrogen fluoride), amoni um
pol y(hydrogen fluoride), and phosphoni um pol y( hydrogen
fluoride). -15 WO 2004/ 044091 PCT/ US2003/ 028606 9. A
nmet hod of etching conprising contacting a substrate
with the etch solution of any of clainms 1 to 8. 10.
The method of claim9 wherein said substrate is a
silicon substrate. 5 11. The nethod of claim 10
wherein said silicon substrate is contacted by said
solution in a predeterm ned pattern wherein said
predeterm ned pattern is achieved by masking
presel ected portions of said substrate. 10 -16
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