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WO 2004/ 044092 PCT/ US2003/ 029262 FLUORI NATED
SURFACTANTS FOR AQUEQUS ACI D ETCH SOLUTIONS Field of
W0 b@4lomioent i on The present invention is directedr/s82003/029262
certain fluorinated surfactants, and use thereof 5 in
aqueous acid etch solutions. The etch solutions are
FEEORINATEDSURFXTUT £NYS FOR APSEOUSA CIDETEHESOLETIONS
in the etching of silicon oxide-containing substrates.
Background The use of m croel ectronic devices, such
circuits, flat panel displays 10 and
Iﬁﬁggkoele Egﬁechanlcal systens, has burgeoned in new

busiTme @&séﬂdn@@ﬂ%ﬂ iedireteRiab cordin flagrihpednirfactnth) abuse thereof
per sonal, nput ers, cellular phones, electraonic
in aqueenyRHd ctch ﬁ@h”ge?ﬁa [The P@htsahutla%%aré piagsk with a vedsriarietwnet
r
o BUSELTAPLET Y GEURED: IR BYSORERTE vt
such as tel evisions, stereo conmponents and
autom&@iles. 15 These devices in turn contain one or
Bagggrau ry high quality sem conductor chips containing
Manyrk QYE6SmRkodbdifonid deR ks, Rudpas k¥R élycung aldt m&-’i Qisplays
processing steps are required to convert a bare
ang nhcrodnctvmﬁ@hamgalfsastemdwa bg@wmﬁ*idumw&usuchmdfconsumer

icient conplexit nd qual it e _use f ar
eleG a5 PRSP PO B A TP AR ey ek ATERES Bkt epfendars
peRBAS Aialal ERNRIHEEL AR m-Ehﬁam&troﬁtheWéeéSﬁd\@gﬂﬁ)tlﬁ@&ne an
of sem conduct or chip 20 manufacture are
intpgrpbparcolaneicregtabligisd congimen Ridduels Sush svelevispus oferehe
;steps. These cl eaning steps are
c°%§gﬁgwﬁ&% %ﬁﬁhﬁ% mo types: oxidative and etch (or
bot I‘I)hese dawiden ¢h wxi caithiv @ne bemdiengrg hghsyualityi sdaiidonéuctor chips
onpositions are used to oxidi.ze the siljcon or

cowlw pRoRRYes of sehit pafismsal YRicly nearly deQ PrRgetse sepsare
reaéquteh GEMRRHS: AR Qﬁ&cq{sw%r QELRE 10 @gén%bmcto%fpr& sBffcfent

eani ng steps, etching conmpositions are used
comptmvtg andiynalgy &nbb esddioposinmel is highgenfoonante lbglb riswemcfound

c conta ants fromthe silicon con
in SR EoBRMtb RO RSP corBin weSh e 5Pl seheplbetor P
mdniPichRé bt Vbéfelcéleitﬂﬁ?g 5185, ber@uk@igeor oVért IR aLBe ltk&alﬂﬁb@bssmg
See, for exanple, L.A Zazzera and J.F. Moul de .

stepb.ddesodpaning Sops are nogeallynme of twmaweﬁ 38hYive wbetch (or both).

Dul'rlllﬁlt[g onﬁf 1v9 glgfalgnggt'gése o?[dla be C({rﬁéolﬂ tfonF ?:esiﬁn;% &2 {;SQHQE e silicon or

poISytsﬂi%oiﬂ asrfd:a;e eypicangbg t&dactﬁl@ th whfee vithtat 0etrs parvxedl or ozone
“gstens (MEMS). (al so called mcromachi nes or
SOt1en W%?%@Paf@’é&ﬁ‘@@s S’tCQ‘rné COMRPIILIARSAE HECIAP reragyecasive and

deél(;‘}n glﬁeoPSXlH@ﬁﬁn g'&ﬁl@gbﬁthtﬁﬂ@hg fHdh BR'AIR ? or EBBIk'lht':on

act uri ng tec n| ques ypl ca evices I ncC
surfdedrefore getaroxjdatidn 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.
Microelectromechanical systems (MEMS) (also called micromachines or

micromechanical devices) are small mechanical devices that can be made using traditional

integrated circuit manufacturing techniques. Typical devices include motors, gears,
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WO 2004/ 044092 PCT/ US2003/ 029262 accel eroneters,
pressure sensors, actuators, mrrors, biochips,
wore@sopwaps and val ves, flow sensors and i npl Bei/ak1063/029262
medi cal devices and systens. The nmanufacture of MEMS
may result in a chip, or die, which contains the
acdBRYbMBteR, BeSur®fenkhHi|, LSS, MRFHRs, bi WRips Sinidr&Qiinfrand valves,
pol ycrystalline silicon gpQIyS|I|con) encased in
flowi denswhangkindantatie mgdisakéayices gud systases: dhe mapufacture of MEMS
circui-try necessary. he device. of, i.he
mefirk i sh w3 BF BB kich ot s WREmOPb Bltce B ing i ppdrom
silicén 60PaTREYystalli@t eilicesl (folystlicony elcassEin8ilibn okind. Tidit 8tusalso
of an aqueous etch utilizing hydrofluoric acid (HF)
containthppijeuitrhaccepsart Brfup degievics- Ppeef thg final stensdp dke' manufacture
. L] ' S . ) ; '
or YlEPbLLIRTE0 OPLYBDLASORAL B B AL PSR Lot
aqudoas eteh nafzing apddifluoticadd (EBus rétohy deailiconbkitleac frde, or
. (HF) and, to a |esser extent, hydrochloric acid (HCO).
el e |ngl}coﬁé%ﬁleé’i‘ﬁ?%Bﬁa‘E?&“éraﬂP%g?‘Eé? Bi%¥enpl oy an
" HFrbasth cfcﬁﬁhé gﬁegé MBS RERADL CANEE Bis ¥dn Bflu@ _rz‘lgueous
etching step using dilute aqueous HF to etch oxi des.
hydnoflhémric aed (HFcandnty olessenexrintdhydsdcidori¢ and (HGhsCvmensly, many

serfpiionis tareRenaly b Edas aerchitatn shiceS ddsging i an
etcﬁing@fépd@_mg_lcﬁluwﬁﬁ@ms HEky&sh bRidadj ust the etching rate
and stabilize the solution to variation in HF

condeerygt eshing T @s exisizedsilicgn srbyates pgupoyd hydrpgisfluaside or a

. S . hi sur f t ' : .
P P8 o B PO LB gt A, TR o
prelemt sOse O 1)t tHeatshing @ad andasabil?4? theisotatioh wfvatidgon in HF

I nvention The present invention prqvides an aqueouys

coréf@eﬁ?t'gm- dbessbuelsrRgiacidergctatoluiqng: orataFehave drir it tHce gsion
e g By 05} I o gt SRR R oo e

featdres.ein n 25 and in are independently 1 to 6, and o

is 0 or 1, and wherein R optionally contains a

catenary oxygen or nitrogen atom M- is a cation; and
Sufdnia®y oPrhe IVenti®2NR2-, wherein R2 is H an al kyl,

aryl, hydroxyal kyl, am noal kyl or sul fonatoal kyl. The

sol dhe oresertynyenHpmprovides ap pdureua Atch SPIYHPR FemBplitieg an acid; and a
Egggpgmfgg&ﬁwas ammoni um fl uori de, and may further
nprirse ‘a second fluorinated surfactant, such as
Re0eRf-Smamakky! sul f onami do salt. 30 The fluori nat ed

surfactant is sufficiently stahle in the aﬂueous aci d

whereihReis aitnite fr2 Paferraghrahdrage duds yCrldudddH etoun pAgEein 0
an&e @ffh}é %eg%}sfew 1%&@&% i%%ﬁcéﬂcﬁwﬁ&gﬁtﬁ' g%ﬁésa{}lgﬁomams a

ectiv provi de tg a silicon substrate, as
catemmry ok gggmatr ettragen atoint; Mhi a ctisn] and|@isi+O-, or -SO,NR”-, wherein R?

surfad
co

is H, an alkyl, aryl, hydroxyalkyl, aminoalkyl or sulfonatoalkyl. The solution may further
comprise an onium fluoride compound, such as ammonium fluoride, and may further
comprise a second fluorinated surfactant, such as perfluoroalkylsulfonamido salt.

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

effectively provided to a silicon substrate, such as an integrated circuit and is soluble in
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-2 WD 2004/ 044092 PCT/ US2003/ 029262 the aqueous acid
solution. The solution of the instant invention
w@e@niod®s2 one or nore of the foll ow ng advant BOEES20051829262
solution has the sane etch rate as conventional etch
sol utions, possesses |ow surface tension resulting in
thel &be&ﬁ%ﬁpgol@[&ﬂ The RALNREST thd BrstafOinvEhth [Bdes one or more of
strate. In addition it is non-foamng, lowin
thepfaﬂt)‘i"mgl advartagasathe saljtion Beihe saAaeteh sate apeanvaniéongheich
e
solsg? éogslgsr%ﬁ? g)\yve%riza{%a Ee?l?lg{x )%é?sgl tﬁj%e (%ur} ﬁé}#]tga%n leg b&w%gn the

sollifibit edidshbetrataf nekdieioh érisl aon-séantiagdoaria pa:ﬁﬂ‘corad:s that may
excel | ent substrate surface snnothness The etch
corﬁémmaf%swtrﬂq% @nd leaxeslow gr e surTase residpesran rnse ol plgo offers
[
imGigEERBILPE! SRR ien Fer A EE P ShdeltSRBaee angyaffords
ex@mdmambanuemmﬂnbkﬁmbﬁmanlde conpl ex thereof. Oher

o1 C NBB ClhaoLBR AL e MUY PR AL GadY BtsBle Re PG cpghing of

oxﬂ‘iz’éﬁ Wi1Ren Qhbsdated Swhér@ tHeNRi1 RS ﬂ’@@ltoﬂubhb Scill (IMENAAEPEL an onium
relates to an etch solution uSeful in sem conductor

fluaride cimpley thered. Qihecsibstraten meémhng metadmdqum Fayiabye be
fl t.ed t
ercf B e Gy aPPER A E ST, P ebh IR e ous! v,

t he Ippesapbct MYLRVERIdN 18atels @V/arfash sslud@éiieRaS iftdhiconductor and
solution useful for etching, and renoval of residues,

integrated cirewit Blanufagtures (herdopwogition Gowprisias & flpripgcdsurfactant,
s
ny S RO ardi Rl EbE koAb By SUARYY, WprB invenvion
prdvlit!bs fah@gesdusicthaniution usefal foe etchinlg) a:mlrrsmogﬁrdmmmm that
GaAs, InP and other I1]-V ang II-VI % B
corfgins agrlativalp iy conceqiron ol sux St GHECHGE Vs flifesubstrate and
had & Sficiat oif@thH?l'ié3 QeBRtRE REEPH ﬂh@}‘;%sé’rﬁ%\leﬂtlon include silicon,
Integrated circuit” 20 manufacture hat the substrate
genmm]uum,dﬁmle Ihlaymd sthc:rf IIIsVIamd dhVI1 pohpsidd scomonmtatsslt avit be
Xi de her 1 resi masks and di el geir ? 2&Qf. .
un%ir%tga t Fﬁ?/ {{I§H 1P Sf ‘%fd’r?)%?ﬁ”f‘% CiFB YOV E’f‘E} CEFACY Ut
maﬁhfh@ttﬁé‘dhit@h@%@tr&é Pl'llh&ﬁﬁé‘l@}%&@@f silicon, polysilicon, metals and
m cr oel ect r omechani ca (MEMS) devices. The etch
oxigdewtheraed rasietsapyska gnddiclvEwss e prpsent mventipnugalse particularly
useaflglo ?‘E}éé; &gh §§ﬂe‘fe %Hgglﬁ%o&g%s?dorﬁlﬁgﬁgﬁ%w cﬁamgzﬁ él(k/ﬁhMS) devices.
Thperé mﬁmgrans Wlpgih g 8f REEM)Y hacsiniilacissurg t@th@s&)ﬁir kérhondddtor chip
a honogeneous etch sol ution conprising the fluorinated
magpfaeiEs-ant and acid for a time sufficient to achieve a
pr e‘i’rﬂuﬁftﬂ%r rbggﬁi’]g%gl% ?I?Veﬁ{loxﬂe‘fanésntg ‘an C&: 3)1' B(SC%g T rsﬁgstrates by
enbodi nent I's Invention rel ates a etch process
coritactingubsibs@ite svithya lommigandous gtchanluﬁmn dbmedsisg thedbrorinated

R A STRAERRUE 2 L PO B SEERELPLHrg n
prefériQf difiSodtRBRY, s O€ntRntréldRs /A Eich pfdtess'Br &tr@¥EbRAcontacting
an oxidized silicon substrate with a homogeneous etch solution comprising the fluorinated
surfactant, HF and/or onium fluoride complex for a time sufficient to achieve a

predetermined degree of etching. The present invention provides an etch solution with low

surface tension that easily penetrates the intricate microstructures and wets the surfaces on
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predet erm ned degree of etching. The present invention
provi des an etch solution with low surface tension

WO bat/oemsi | y penetrates the intricate nmcrostrRCL/USES3/029262
and wets the surfaces on -3 WD 2004/044092
PCT/ US2003/ 029262 silicon substrates. |If desired, the

silflof BubEraee ST deBped! the lefbfirpréciPmiag eurttee c@ﬁlﬁﬁse%e ktep ®F ABsing the
the etch solution fromthe surface of the etched

etah obttiondkom thesutines efttBpetehedfubstraic.tangd thasen pldrying|the substrate.
anot by i i;des .
oy B AS0SELe PO QLR SRR AR souion
(B, higs &alovy ds bgfered hydrd geteflwridBide B HIO) repripsising a@queous solution
aqueous solution 5 of the above-described fluorinated .
of gherabg¥e-decribed, Hperirated Jugigeapieh ag%@%ﬁﬂ%ﬁnﬁamw@n fluoride.
' i: Y . . et chi 3 . .
.3y 98L L RScALAy QR UL GARHN S B et siowsi
etcheselectivitsi.ty. It is to be understood that the

a1 oo 57 eetiond i e e QLTI RRE S g includes

allRinerslanti FraptibmCdubiasedwitlinThat 2angé- (€2, 1 tol9indludds 301.54, 2.75,
and 5 It b d dth [ nb

is to be understood that a numbers and

3, B188ct.ia0d §).ihisrte b undesstppd thahallinurabdse andbfractioad tisyeafhies

term,"about .. |t i 0 _he understood that "a' as,used .
prraey 46 o forse 2yl e g dn gl AP B mdeR epdinal 8% B nerein
indlededbod tky kingtilef edcdplgal.st rai ght or branched, cyclic or

acyclic hydrocarbon radicals, such as nmethyl, ethyl,

pr opyE terputaliyl’ rgfers to strpighpeidignched «gyelig gf §qyclic hydrocarbon

- t vl i ke. k> ups. i neil ude
s B e e RS el o Op R Bl ¥ Sent ana
thealilenekyd igroyps eédctudeh kor exampleSl eatbanbat aoss, Mok tabon atoms, or

"ar%%" r%{ers t o nopnoval ent unsaturated aronmatic
prefeialych (01§ RrPUWRIERSs  having a single ring, such as

phenRyl erf "afHh dBlsQo GRALENSR dnldiddid SoERiASHRRRIMbicals
or anthryl.” 20 The term "perfluoroal kyl"” refers to a

hating layingleming, satleds phenply at mnltipst caaidgirsed oings, sneinashesghthyl or
g&qlic or acyclic, saturated hydrocarbon radical such
Al for exanple, CF3-, CF3CF2-, CF3CF2CF2-,

( CF3hé edrier et (dradl 2 refe s Ol (§H2¢drih e dhrlovki@h Clteight or

and the |like. One or nore non-adjacent -CF2- groups

brapghedy 6ydisugtacy clice satviiated hydeogaiban radicad syeeas, for exampledels-,
2 e
R, S O B G IS R

anll thellikec@nd onmatoim-adiceher@Ryl grodipt ma§ beanbituted ivithig. catenary
Det ai | ed Description Conpositions of this invention

OXYGFRANEFREN 1M SB Hal% 45 TP ek LT OCEHAF aRFacing the like.

Perfluoroalkyl groups include, for example, 1 to 12 carbon atoms, preferably 3 to 6 carbon

atoms.

Detailed Description

Compositions of this invention, comprising a fluorinated surfactant, and an acid
such as hydrogen fluoride and/or onium fluoride complex, are useful in the various etch
operations 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
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30 such as hydrogen fluoride and/or oniumfluoride

conpl ex, are useful in the various etch operations
w@eoofiosqmerl on substrates such as those that nmeERCDES2003/029262

required for operations in the manufacture of

sem conductors. As used herein "substrate" will refer
usddPinWBnRloAd@sk liuTsctnrd, MEudRIAMIRAO2manium, GaAs, InP and other

PCT/ US2003/ 029262 used in sem conduct or manuf acture,
111+ h ehd B Wcompouad semigendrstirs for giinen andqpiQarsibsstatasy the

I11-V and |}-VIl conpoun en con [S... For.silicon. ..
colghiyito3%a gt hlRER By SR EE MIEA 8 s Clop it pE e
silicenYlaotidddydrophilic silicon oxides to sol uble or

volatile silicon fluorides. 5 OQther substrates, such

as (thesIsubsigaiesatush apancialy may alsg ba sishehpy aprropwate s¢lpeion of the

qf | [ r Cll .
aci The uorHl suratan HREL DAL B S e GHBRE Wl B dlidleous acid,
allewingwiffegtief weadhg vethesubdtrag. of t he substrate. The etch

conposition and nethod of this jnvention n offer .
enhdhe eghwamppsigon agdhmetod of ggvélefw&wawgéf gafinced wetting,

whATB les REQUTR Yottt §:F Ss 9 pat Bk Yh& PortkAlirek HiG8arge aspect
P RS

aspect’ 10°ratios, reduc&d particulate contam nation,
ratandredectd pedicslatd epeamivaiimesd rated safdcapuigbness all leading to

L rovenents i manuf gact uri effici cy by | oweri .

impEPERPAS 1, mANAYLERE GHEiRCy PRiqering defRcts i@ agiiie walet yield, by

deGbRMY NéhnlingdBiped @ ihrehRasFeMRbAICtBA OF B hilORin@foPYnger etch bath
allowmng for longer etch bath Iife by reducing

lifg by radueing filtrasiwndesses olswrfetantant . The i nproved

per for mance | 0. t. r -
Fendrb e oes ertitBenb BBy bt G (3P pHol RiSiop stpne gt
solatibh agd @Nhé fluGtthtedMuirbrane nk¢d, BiichScon@ibiutes to iy dyeoved wetting

wetting of the surfaces, The surface tensions of the

of gheshrfacs utheonsfags engiepepiabs gich selatipngare senergilesy hag >0
r r

SRR ETREIRES, P ShaIFaRAN Sy aisbg ety
dypesasewhen measurécdoat 25fGvi des an aqueous etch sol ution

co ising an acid and,a 20 surfactant. of the . .

f or rhie Rreseqt TeyetiogHIie” ap iauhiia FER SORFioR SomPng g pgig and a
suldiddt vpiReabiylia-or oup, optionally containing catenary

oxygen or nitrogen atons, 25 each Rl is independently

R-QR'89sMCHIH) C, . . H2,,, -, wherein n and mare
i ndependently 1 to 6, and ois O or 1, and wherein R

Wh(.’?foet“i1 onal ly contains a catenary oxygen or nitrogen
R 8t2007 to O\ pérSludroaiidyl @fbupadiftionally containing catenary oxygen or nitrogen
atoms,
each R is independently —C,H2,(CHOH),CnH2m-, wherein n and m are independently 1 to
6, and o is O or 1, and wherein R' optionally contains a catenary oxygen or nitrogen atom;
M" is a cation; and
Qis-O-,or -SOzNRz-, wherein R? is H, an alkyl, aryl, hydroxyalkyl, sulfonatoalkyl or
aminoalkyl. Preferably, Q is -SO,NR?- wherein R’isa hydroxyalkyl or aminoalkyl.

The R¢ group is a perfluorinated alkyl group having from 1-12 carbon atoms, with
3 to 6 carbon atoms preferred. The R¢ perfluorinated alkyl groups may be unbranched,

branched, or acyclic, cyclic and preferably are unbranched. Catenary heteroatoms such as
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Qis -0-, or -S2NR2-, wherein R2 is H, an al kyl,
aryl, hydroxyal kyl, sul fonatoal kyl or am noal kyl .
woe@hotabty, Qis - S2NR2- wherein R2 is a hydrorystokyh29262
or am noal kyl. 30 The Rf group is a perfluorinated
al kyl group having from 1-12 carbon atons, with 3 to
divaln@bR@Rn a&i@ﬂi@nﬂﬁﬁf}@éﬂ&d}exﬂhﬂ%rﬁgulﬂﬁrrﬁd}uﬁfelnrﬂlﬁﬁ e sRélkil chain,
groups may be unbranched, branched, or_acyclic,
(i yestlacs can@r progs eoraddigceat eChnigreinsh MhendRytis aneqntains a cyclic

s A8 S MR Baa ERheh lbG B, Loy 2 whispean e

cat@ﬁarp EERYRGENS. Th Iaﬁ@renaaydwmm g A5 frédef eshgesit af oﬁlbﬁd:zrﬂbon-
m&n . replace one or nore non-adjacent -CF2- groups).
B HNRIUIRLEOTS . So dhis & sAdIrgied pliphagic, ayelogliphatie or §ef§fpcychc
referably has 5 or 6 ring nenbers, 1 or 2
m&#@%ﬁtﬁ@uﬁn be catenary heteroatons. The al kyl ene

r adiTbhaR® Rolpofab OsNRT-Q grbule)tlhw enarcHpan alkylehydrak yukyl 5
carbon unsaturati o a_s t
aminqallyk(qr @ sulfgrateplk qrﬂ‘i%HH bt gt R &3‘%?3.1@ Shys s amape an
0 !
alkgl pR Eyfhﬁhf%?lg)s( ygpﬂgrl, aﬁg@x%alkil%r&!fémhe FBhhule-@M,HOH, or
an :auilti@ﬂ@ll geduk i thyr fourpulot-C,He,-NBrRA haulfmtcﬁmd ghoupTdfulg formula

sty » v peat OrErta: hiifatilio®. s koo &x

indRpEARAIKH ordl rétips b€ té 07 Bathén ateRisPReNRIR} 1 t86 carbon atoms.
sul fona{oal kylfwgr ofgp of the fornmula IHCPHZp S

wheflge B’ iggouprmayalagyeompiiselantasylroumbaying fpyny to 12ing, atoms, for

o A1 B PSPPI 4, QLA PRyl o

grdﬂpe oRtheFomua TEN, a-@ayDoapnisdeoarenglatd, @k aterilalkiyi@e groups of
from5 to 12 ri ng atons, for exanple phenyl or
thefopRulay o gED -Subst i t ut ed aryl groups, such as al kyl
sub QR olds b fluori
Cp Fg%ég%ggglﬁhﬁeg?réég S{oééc oCnt é) nﬁ ats e%’:ﬁ ﬁ‘% uorinated surfactants
ofﬁre)fbamidyl ene groups of the fornula -CPH2 (AryI) The

I nV on of n vi-dAeoc ot ~h Fa¥a%? =¥
uILfUII l.II IbIUI\, IU—VI UCT OS] CUUuTl QUI LIUIIO \/UII’JIIQIIIU

fl uaRrSsz\b‘dRS‘tﬁ@aMants of R\éQzl?E“nﬁ 2505 M'

Rf SO2N- R M+ Rf SO2N- R1- 5 ZRl-SQBI\/H—
Rf SO2 Rfcéggz M+ Ar  whereinn Rf ?1 are as
preq}gd%%%ﬁeig@e%+ pisl1ltp 6 A is an aryl group,

and OH, -S03, ap aryl group (Ar), or
- NRBR4, \Nnere R3 and R4 are ndependently H or al kyl

gwger 1n R’f, RPHd M are as prev1ous'ly ef’ ned, p is 1 to 6, Ar is an aryl group, and Z

is H, —OH, -SOs’, an aryl group (Ar), or -NR~ ’R*, where R® and R* are independently H
or alkyl groups of one to six carbon atoms.

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
compounds. For example, see U.S. Patent No. 5,688,884 (Baker et al.). As a result, there is

a desire for fluorine-containing surfactants which are effective in providing desired
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Many previously known fluorinated surfactants contain
perfl uorooctyl npoieties, such as the

w@eritlouosnoct anesul fonate ani on (PFQOS). |t hasP@BES2003/029262
reported that certain perfluorooctyl-containing
conmpounds may tend to bio-accumulate in Iiving

pebiRdtce Ndnd wilich fifink@NASRCffeb@dR1PASM the bety @ﬁcl@dmg the tendency
potentlal concern regardi ng sone fl uorochem cal

of ghergeninedision pad ited asiongeedudtss.  Pat ent No. 5, 688, 884
(Baliﬁs e%ec?e t)lat tﬁg siftfdch: Vsj f’th{ QI%E %tl enl"i‘oﬁj 5he%c]>‘n%m anions

fluorine: con ai ni hg sur are

with RltiselyGhoie @brﬂl@droaﬁcyV@g&ﬁHMd @@ﬁé}ﬂuaﬁﬂé{ﬁ%ﬁﬁ{ zﬁaﬁﬁﬁ B/hen
perfornance and which elimnate nore effectivel

expored R BiplqgidebIthrrmal oxkiative dudinkytic, apd Pfrpéoldaﬁﬁ@sdl{ longrfound in
theaémlfulohﬁlegle Wlﬁipl%%.(ﬁ Q0wRh4t& ﬁ}ﬁ%{léﬂal slllBrt cﬁalﬁmi L cﬁﬂ)o'hrh%graﬁgt?on

surfactants o e present invention contarn
praducstsat willtniot bietaetuelate. Fooexanpde, fcbmpomad)ﬂsydf tepressnt nvention

< erfl orlnated carbo ose
CopPH IR BSOS FErCRRbT g 6 SxBiaed to chminate

fro%‘ EHeQJoM? nfor€ Qﬂ?éytltvbﬁlrlﬁatf f’é}ﬂﬁ‘oﬂoﬁexﬁhﬁld@ﬂﬂdhﬁﬁ@ﬁ%@fectlww than
break down to function short “chai n fl uorocarbon

perfb@rmtmlf dar thmmdmtmeﬁetrad embpdiments ofithe RicgrawminalFeymula I
indiRe 1 BIR 6 Sy SRORRS L EET B ohralitSs PIAIER R th BEaoh Woms.

CF3OFRICRR pEot to RAltEe MuRekdetkyidhe®drbup May QurtHef 6GAthiA& catenary
body nore effectlvely t han perfluorohexyl - and nuch

(i.gyon shadfr exygen el rytrpmrmp péereby @r-&dbt group isysplaced By —O- or -
lge A elﬂrlgflf A d a)g H?&%?%agi u#)hﬁ d&lre%r %%ariy nitrogen

I nc groups,
gragnhay m mguaaelhﬁttyaim1ﬁé gRupof ﬁlecfarlbﬂ)lla _N@TB-- \aohm each R® group

respect the indjcated al e rou
is m&m&é?mfyo%ﬁ%m SEOUPRT, elntaréﬁa(‘?mé qﬁlrﬁ yp %&% SFPUpS may
indude! ﬁg%saa%gralmw qwim)a N Rr)- grm3b Eﬁ(}tﬁs?@' Y- and the
-0- or wherein R5 I's an H, é%
likel Kiyds, e catpnary famdessgroapl may WanpaS@axamycmm seggmiary,aeniary or

aufleRpReBbed o S SR BTG B Rt by Taa

—(@HBOH)- sfoRpAf plesdnttafd BreGidk BIPAS to mgémhtoﬁatsaamm #&Mind8n the Q
groups may 1 nclude, for exanmple -NH, -N(CH3)-

graug(ang 4, grow@@grmulal N( CH3) ( C4H9) +- and the |ike.
Thu 1tl!i pe% é:cﬂo Ig%?%/ﬁlf M gfe%m amor %ﬂp &'8’ affid catlon Sultable

al n econ ry or rnar nitrog
mc&gzﬁm: cdttonb mcmdefrﬁertale;ﬁnbmincamﬁg @atsﬂnmrmetalt@ﬁsn@m&anoind

pha to a 20 - ( CHOH) , 1T present and are not
alkéi‘B‘h aa%mstah@tnepwdo@ﬁlmgwm caéiong Sycd @n & Han Yuibly organic cations

in 1%@atloa+%ucl9£s%n81fuugloHEHJd?n%}I)rg}{% hserc8§cpa§§ttettt1‘3ry and

ornu a represent an inorga organic
quatatnaqnamﬁunmmtxtaelons rag mgras sulf@tinmnandi p’wbpldmxumtahons For many

on nc n t nsition t al ati on
crchiig PRkations el i PP o o R ceR o T by

deRHGHOuSHITN the Wbt RPER EBGRRCHeERIhARE of the devices and for this
reason, ammonium cations, especially NH," and quaternary ammonium cations are
preferred.

In general, materials of the invention are prepared by first generating an anion

from the appropriate fluorochemical moiety in a polar solvent. The anion is typically
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25 include onium cations such as amoni um i ncl udi ng
primary, secondary, tertiary and quaternary anmoni um

W@ ai04om®92 as wel | as sul fonium and phosphoni uPCT/US2003/029262
cations. For many etching applications, such as in
the preparing of sem conductors, netals may have a

geﬁ’&!l 4 $-Liak6y i%faf: ofQfe hppropihs ﬁ%’x‘%@ﬁen@ikﬁ%&@@' with either a strong
per or mance of e devices and for this reason,

bagegmoa ﬂumwkarpnoﬁsr exempbcwatﬂe;Q NHAO-, aﬂdow@hqomdnanwn of the

a ium catio are referred eral, .
forda R s Gneing trtralivg Bis Sorerndinapellil e R OB with
flugABeIoAt ANErmfva] Wiere X9 HSG)JNR%M)QQ%h@I& salt may be generated by

fluorochem cal hoiety in a ppﬁar solvent. The anion is

reactipg @aomyounmmm frgmnlagASONRET it 300w 029 Xeform a nitrogen-
Ig Sragl of tlji]e In]ﬁula §%ﬁ81% antlgh% n?a&pr% oﬁﬁg&trgacted with an

uorocnem Ca er a

elekirostiled®ntadiing E!Dlier a&aﬂ@iﬁ: gmhﬁ,r @ <ﬂnla§nm§a na@ent sulfonate group
fl uor oal koxi de anion of the fornula RFO
(i.qy@rsaitoncs gesyifing in spmppsitions of she BYensing; Ryrthes udatafl$ [r@aTding the

prefp?a}lg&ﬁk%ﬁ_%g)&hds OF F&rrﬁqul hﬁg be MddeWIRT fe¥elnte té/\‘fh% galggles

a sultonam de salt may be generate
r eade & mag dbepquends BE pehee (ier diiitad &P %ITRINELHaybe bsed in the

strong hase to form ogen- tered gni.on o
fortrpEAR QP 9 R B Sish ETBIaHpobE o o Rgwoty (hyiogen
ﬂuBﬁ@é‘st)’eﬁia\)@' thd g ral $baflld BPNHIS, I Q¢ BiiDan Slebd&-pair donor base
fonate group, or containing a nascent sul fonate
an@ K @mn ingdgepgengrallyl framé o 1 8s ad inalpde exewnposimmensmaf
nvention.. Furt her. det,ailsregardi t he
Py P BT Er b P o Bty eed FRETEST Sl SHim somplgye tes

volafifee Ie881EGTésIvd, BRd S abihASy lichAdsTheodir tém{yerkxareaquaﬁyasudﬁlamum
per se (i.e. di | uted 49% HF or_ may be used in the

come}em:&ﬁreawbbnliqylmth@}d?slﬂéhec spPll egedpringAistibetign. Further

mfggﬁé}éﬂr’bgﬁ%%arﬁﬂ' lﬁ%f@fﬁ%éﬁg’ er e&%% rfbﬁjn%sl}l Syﬁ@féﬁc Hll%rme

Cheminory, Baseze Aar@alx, et gl. &ﬂltbﬂt Hfeorigeie matH @nni.lrrd?nljt(htydrogen

s 5 A B T o By e

SoROMREXBE, Ne Y6&Spp. 133 vatil e, |ess corr03| ve, and
are normal'ly |iqui ds at room tenperatures. Many such

oni dire Hiowgehu e sompesitginalahé pracgssesist thisanvengionswhethes aqueous
oss of HF even durjng disti at' n... Eurt he
HE, G0, Rbae oV 0 59 b o8 o Shtbbty b bl eish e 5 oppep cqpuaminants
sudtCAdfethB, SAriéNAES SndlonOVdl&tfe rdshiRls §i driler EREE@V ey etch the
A ah, et al., editors, "Fluorination with Onium

siliogh wnﬁa}fﬁara@g@nnammumrm@é@}mg lﬂl*?emﬁla%f?%@m@ﬁ Pragesy andpat leave
reséé{ggogen fluoride for synthesis", John Wley and 20
New Yor k, New York, pp. 163 204. The HF useful

I n qhepashi soluoiog n@aydnegﬁmeasteymﬁﬁbmmgsml any @fder ahe ac1d (the
whet her aqueous. HF or an agueous oni um conpl ex,

aqusops Bydnesn Hupridesnd{oa theoniyra dlugride coraplex ahthSﬁaWtsglcon

substrates) and the fluorinated surfactant. For oxidized silicon substrates, the concentration
of hydrogen fluoride may vary widely, i.e. from 0.1 to 49 wt.%, depending on the
substrate and the etch rate desired. Generally, the concentration of HF is form about 0.1 to

10 wt.%. If an onium fluoride complex, such as ammonium fluoride, is substituted for all
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such as netals, particulates and non-vol atil e residues
in order to effectively etch the silicon surface at

WO b@4omsoprum rat e duri ng the manuf acturi ng pr oRPEEESENS029262
not | eave 25 residues. The etch solution may be
prepared by conbining, in any order, the acid (the

or PAYEPHR HIY, MOHRGurk bidkiohfun? Ad6Rde ltnw bO BétefhihbdBY tﬂéeHF acid
compl ex in the case of silicon substrates) and t

eqfiivalent. nat ed surf act ant For oxidized silicon

Sub%{/{iat & tlaee%h scﬁ iﬂﬂrﬁneﬁ_ c?xglpxlj%,dr X g;?m%% nédﬁ many
ms@e[hc&shme %@e stbisérpatie S(ﬂﬁéhttnli@ igipedverthé pexﬂ@iﬁiaﬁ&d particularly the
Generally, the concentration of HF is formabout 0.1

postdiltragonyperfrmpances At & jetsi SPIUGOR by dmpEyinethe selybhityef the

APk 6l I 0| o Belfh sy

ad@anmgabusw ldviee tigndritionf hicellé dencentyatlvm afehesurfanedt. Bjsefuherganic
HF aci d .  equival en esired, the etc ution may

SOl et Y H&%H%m% R eaesga% & <LhFroeneh 2y wemﬁVLer or

tetfaﬁz& our rpﬁyi&%tﬁé?sesu‘éﬁ aél ly?r[eg azﬁé:&xo?so Eé{&@tdlﬁﬁﬁlﬂﬂgﬁh%ﬁle

mence, particularly the 5 post-fritration
acqenifrde repiveg, d»meﬁlhbuHOmtle sl carbanmtdsySolvpnteelectgpnt iay be made by

rignE s b ot oeob 3 Eaita B5ofit Bgan o

sol yeddsiedaNe ctakl VARt AORaY flrhet ¥Rprideheseebnd dugfiktant, in addition
mcell e concentration of the surfactant. Useful

to megarfa@antﬁ lFogmllg Lrfwghiserandgurfpespntp inshidedethsfluaritatedsnd non-
ﬂugrlpaﬁec? %uer?aggaléb 25h c e§1h¥(k10\§¥l hr? he ehchlnige q{@efr Sr?cfe%%nbe made to

Kikhyaata gy laf. OEBm‘Tﬁldﬁsacﬁ&lsaﬁﬁS@mubﬁddc&xr Marifanging, Vol 3 1990, pp
di nmet hyI sul f oxi de and_ car bonates.  Saol vent sel ect

99T}Q§ Genesadlbe ttg:ysec?qéif Ffapiant may gﬁgp]rlseé)( tog0 weight % of the total
su?ﬁcgarg?tgg WL Umdut &f ML #IRPS% ond Lk APGhts chﬁl%nslh 1@6(‘0% i 6&Fparts per

solution may further conprise a sec
milionf actant, in addition to the surfactant of Fornula
| . Such s act ant s ude hot h quo ated .
| Sehsseand. suractnts, | nkude ot ) ot nalet w0

mcthnﬁngmégg SGhakdrmuef erence may be made to 15 Ki kuyana
| EEE Transacti ons on Seni conduct or

Rf%\mm\eR?thﬂ Vol . 3, 1990, pp 99-108. Cenerally,
the second surfactant may conprise 0 to 80 wei ght % of
whieteén Refsal C, ®UC f, aetflantoalkyh grotuptaa Ipreamansht deséritfeidrfet thamarfactants

econ factants. co ri SI 10 t 000

of hitng s Bt AB] EPH tasnoarog a9y dgpoaRebhgep of an
anﬁwah@@ LAbabiShRRRS d)rua%%d M&thgl Qﬁﬂaﬂ%ﬁ %hs@y ha@ﬁ)% 61012

including those of” the fornula: -
ring atoms, and M" is a cation. Preferably, R® is H or a hydroxyalkyl group, and preferably
M* represents an ammonium cation, including NH,", and primary, secondary, tertiary and
quaternary ammonium cations. Etch solutions containing mixtures of the fluorinated
surfactant of Formula I and perfluoroalkylsulfonamido salts have been found to provide
lower surface tension solutions than can be achieved using either surfactant alone.

Fluorochemical sulfonamides corresponding to Formula II may be prepared as described

in U.S. 4,370,254 (Mitschke et al.)
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wherein Rf is a C, to Cl2 perfluoroal kyl group as
previously described for the surfactants of Fornula
WO 200R044092 H, an al kyl group, an aryl group, a PCT/US2003/029262
hydr oxyal kyl group or an am noal kyl group each having
one to six carbon atons, or an aryl group having 6 to
12 Zehinvedtiah ﬁfUi/idCQBQ)rMEsd for @tcﬁ |a%ﬁbstpdt@ﬁfl‘:émhdhnglﬁ§3 substrate
is Hor a hydroxyal kyl group, preferab
withethe etcbekitian ohheonyanioe &eriaghme ﬂmbat@dmgermw sufan@nt to effect
theg (geﬂr%(%ésfégr%e étﬁ&sop% tPréf%rato Cyg }té sﬁggrateql%%x ox1 é’d $ igqusu Wb M ate and

1 ons m xXtu

thd dtetogdlmasreid a b fedadxadyt eteH soPﬁﬂfdﬂHs aleicrﬁsﬁd herem. Normally an
perfluoroal kyl sul fonam do sal {s have been found to

oxpshizedisglicon saidratesis eiched at 180 dbferiicdribe elehmrocsss pay further
{
coft e el D PR B ST LR At o @O biuaig. Inong
embbdinant, hike golegar mdy bs ridedoviitbeater,iand bre$era‘dl,y31éﬁm%d water. In
(M tschke et 9 WO 20Q4/ 4092 S2003/ 029262
anqther q%wﬁp%n%ﬁre%ﬁh qégiog it %@ Bt H?lﬁalzsd waterin a
§M9§g&ﬁ? Sodd¥s. contacting the substrate w th the etch
solution of the invention for a tinme and at a
t enfée gtohrpeossus$ fay |fvameruralleﬁrig@ tryinghaeplebéncbyl thtggse solution is

rer@yelfin Ofsertodt 6 GRatcnedbabtlR Shaiiolohe RO &X5th filieat foreed

airOhHErsRh G a SOIveht Kafh, 38cHIREIAld¥Rd] ek &irimmiediodds! tite Rl
oxi di zed silicon substrate is etched at 15 to 40C. |If

vapiss pf asolverisueh asranpdedwbs may further conprise the

2 SRR A8, 0 R T i compic

is prefesied tovstabilivatiersoluaiod apd ef edadd tiic daiinivnie dlewam(mnt of fiiee HF.
anot her enbodi nent, the etch solution is. sl

SuF%Bwféiréfa o¥jde fichesphitionsmapsemprised-ho i} waiehhte Ié%‘ @pd 20 to 40
Iﬁ%ﬁfsann:hgnmﬁrgr T B2, §ﬁ&f3§§r¢tloﬂ§3ﬁulﬁ géﬁé‘?ﬁ[y 1‘12[\]/% Wbsﬂ&s%f from 2

ylng step y the rinse solufion i's noved
toﬂﬁon1the surface of the etched substrate such as by
t he i.cation or, . heat, forced air on.in a
o JRRuisS ST &gt FUBRGR: Sabdncelie ToRbEF bl ogie
soluflén ELE @éme@nﬁ% eOForaw et @RI} of SHIBn 38bshted] O BdMfactdn@ls
t he etching of 02 substrates, a mxture of HF and an

gewmialipmdet] i pingunte owiSiciert torsdyce thy srkice ssion of thebiesultzg solution
t
to %(:fI 8¥1§e% | stgggeﬁerglﬁygg :ﬁ&ges%jrﬁ% YK @r% "i\%ngﬁ}lx Phel J&?utﬂ)%%ﬁltpnses

ree OXI I ons

10¢®1PO0 §eﬁtsQJeﬂ.nﬁkDioih Of werifgpdnt, Yniiis grafératy 100 d0500vRirg lpt:r Hllion.
of anmoni um fl uoride. Such solutions wll genera
Bejpyy 40 pprts/par qaidioprthe pejition may ngt exhibyihe degiraRlerrggyced gurface

SRR YR RO NPy e
littheeimperd eeimemg irothe propect@s of tHesbhaive 9 thieherformimetiaptching.

The buffered oxide etch solution comprising an aqueous solution of fluorinated
surfactant, hydrogen fluoride and onium fluoride, preferably ammonium fluoride, may be
used to etch the surface of a silicon wafer. In particular, the solution may be used to etch a

SiO, surface having a resist mask. Conventional buffered oxide etch solutions often failed

to wet, and subsequently etch, fine features of such devices leading to defects.

-10 -
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generally used in amounts sufficient to reduce the
surface tension of the resulting solution to 50
walgovediwnr or | ess, preferably 23 dynes/cm or | BEFIUS2003/029262
Generally the solution conprises 10 to 1000 parts per
mllion of surfactant, and is preferably 100 to 500
par BHMEth4htd Ark @8ed inBeha¥yd HRidRastéSpidedssel ih theIT AM¥EMEMS
solution may not exhibit the desirable reduced surface
mapgfagwie i Whilethd isosogis ctchingehaningPEBOE aan|lingibiis utility, the high
substr .1.:Ab 1000 . .8 \P re |
self oty B! Gehiag et GRS RREr Mkl & s pdRfplifes agvantage
ové&idr{ BRhigrprodesBicaich s ehctiveign efthgRIE)N Conathtional BOR s6lltions
solutiaon conprising an aqueous sol utjon of fluorinated
faikigrfply flawintorpe praglb portach Jpies andhsRING Af theox1dg semefas, thereby
Cre%g%g&@gg.y anmoni um fluoride, may be used to etch the
surface of a silicon wafer. In particular, the
sol atharubaptdsenaysech HecetetedtbyapddpBiaXekatidacithb avidog acid
.a resj .mask. nventi onal buffered oxide etch
i Kioh 4N Rme MOPRAFEAR. RABINHEE nHEhToms SAGRIFS aydhecyiched
withl YR SR hedroBloft Gl HaYd £5&. Waadindmh duBsifREEnhPbe etcdd with a
WO 2004/ 044092 PCT/ US2003/ 029262 BCE etchants ‘are
mixtsiedofi phosphamid and ngxt dads o npy epdesdly inpludhecetiCagidds a buffer.

Sil%x@@r@ﬁ%%&y retGét(fhzé\g iwllﬁxi a: ﬁli]l{eyg}li}r%?)ﬁ ixglﬁ]%o‘élﬁce)rti(g,giitgi ta?@ Iga f.coat:ids. In

gede@il, Bl GltioRgated sefdctHOR R¥d Hearh Sind2desonBdd Bt the®akfefediokide etch
Is a trenmendous advantage over dry etching processes,
preyiislydeserehedt AVERThretcht soitior gy, begarapased PERgR npgiure of
Ut i | I I i 0t .o : >
chidii' a2 phEhigrb it sl ' Blblediehotfs B TRlgle GPRaAThcon.
def @bk sbjeCishfentusasaat haimsagenyf dik poesber ievanitied atwyfurther illustrated
appropriate selection of the acid or acid mxture. .
by disi fellow s SXAPIS! BHS RERIHCUYTARAUFRIAT ARFLRATRPRIHY Bigeor recited in
%?érﬂ €8s TRY aD6thet &haftionahd)d&afll, ¥h8U1& n8f be construed to undul
the% rOCIﬂ%OHSC and Nitric actds. A UR UM Substrates rrg;/m u_y
limhethestiohedioni AR nmtlydrg commenfialphosphde oc kegwn wi thpsecskilled in
haciqa and na% oPtionallgtinclude acetic acid as a
the Atk yrpss Oty iS e B EPPAUPYs may be etched with a
ExbBinpleyr e of hydrofluoric, nitric and acetic acids. In
general, the fluorinated surfactant is used in anmounts
descri bed for the buffered oxide etch previously

| ) (] A Q1 o
ucS 1 OGU A ST RIJL €1

h FutiaQn—n ] repared i -
am xfsﬁflgt%f chr gm umetSFllgticlmoe gg&ﬁ‘%%ﬂf% [ uofic égiﬁgawlty

- ne defacts—in-sin (OXmuia, 4 o) siliclon 15 . The

—t o —deter+ aets—+h—sthgle stal—siliecpnr—15—The—
objAslogen 1494t ur es ARh A RsC 10} ARRENIYB st Sigma-Aldrich
1

invention are further illust@¥erude by the f ilygukee, W1

exanpC&PS but thd partiehlero-Adtydraxatls and ajroubigsa-Aldrich
thereof recited ijn tprgmacedanmieasdiuassaltel | fas ot her
conditi ons and deft ai CICH,SH{OHICRRS Ok ¢h0st rjued to

unduipmabiAm t Thils I NV@mkthPBmindblopf&hiE;] al S @ar eSigma-Aldrich
comrerci al 'y avai|l abl e of,NM@aWLN@H;hose skilled in

the aABiliHQi €55 Otnerw Se st N AL apparent. Sigma-Aldrich
DME dimethoxyethane; Sigma- Aldrich
CH;0CH,CH,0OCHj;
Forfac™ 1033D (C6F13CH,CH,SOsH) Atofina Chemicals,
Philadelphia, PA
FC-23 FLUORAD"" FC-23; C3F;,CO,H 3M Company,
St. Paul, MN
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Availability Formula Adogen 464 nethyltrial kyl (C8-C
wd.ogo4amoeni um Si gma- Al drich chl ori de M | waukeePCEAIS2003/029262

CHPS 3-chl oro-2-hydroxy- |- Sigma-Al drich

propanesul fonate sodiumsalt; Cl CH2CH( OH) CH2SO3Na'

"0 TRBRAe i MU Y] an Nop agy{(@Me, S g AT [T Slpma- Aldrich

FzN(L N LH5) 2 F}Héthylnt@bdwaH @ ChSiMEAldrich
o BRI e e RO TS S
i WQHPQL PAJEC-23 FLU EC-23- r~:2|:7f*m§|lg'ﬂ’@| -Aldrich

mpakPBSE St. Paul, Peluorabutaiesulfagy} Budridsy | Sigma-Aldrich
PCT/ US2003/ 029262 Hexane CGa(s8@F4CH3 Si gmal Al drich

n-octyl am ne CH3(|CH2) 7NH2 Si{gnaSAl drich tri et hyl am ne
N(C2H5) 3 Si gna- Alldri ch PBS r f Puor obut anepul f onyl

7

MIBebutstetsultone but| | et her; (tj(/:(/@l—ls)s Si gmat Al 8igmekAldrich
F

fI,BLgEdg_dﬁé suboge®- Al dri ch  CAF Q@JF 1,4-butang sBigh@nAldrich
igma-Aldrich CSC 0 1, \opane sultong //0
Sigma-Aldrich Ds/, 0 C4F9 qu( CH2) 3N(CH3) 2 can be

[N

prepared essenti al | y accor ding to US Pat. No.
5,085,786 (Almet al.) | aci ng C6F13SCR2F wi t h
MFW (CH,)3N(CH3), can ¢ prepared essentially according to US Pat. No.
5,085,786 (Alm et al.) replacing CsF13SO,F with C4FoSO,F.
C4F9sSO,NH(C,Hs) can be prepared essentially according to WO 01/30873 Al,
Example 1A, replacing NH,CHj3 with an equimolar amount of NH,C,Hs.

FC-17 can be prepared essentially according to WO 01/30873 Al Example 1.

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.

Preparation of FC-1; C4FoSO,N(C,H;s)C3HsSOsL1

A 500 mL round bottom flask equipped with a condenser, heating mantle and
stirrer was charged with C4FoSO,NH(C,Hs) (15.0g, 0.0458 moles), LiOH H,O (2.1 g;
0.05 moles) and MTBE (100 mL). The ensuing mixture was heated at reflux temperature,
with stirring for 1.5 hours. After cooling to room temperature, the mixture was filtered.
The clear, colorless filtrate was combined with 1,3-propane sultone (6.12 g; 0.05 moles)
and heated to about 50°C for 1.5 hours causing precipitation of a white solid. After cooling
to room temperature, the white solid was isolated by filtration of the MTBE suspension by
suction through a sintered glass frit and washing of the precipitate with two 150mL

portions of MTBE to remove possible residual soluble starting materials. The solid was

-12 -
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CAF9SO2NH( C2H5) can be prepared essentially according

to WO 01/30873 Al, 5 Exanple I A replacing NH2CH3
wowrdh/oanoequi nol ar anount of NH2C2H5. FC- 17 capChesS2003/029262

prepared essentially according to WO 01/30873 Al

Exanple 1. Test Methods 10 Test Procedure | - Surface

drié@ Pﬁitiﬁﬂ'y PR b@dtivnnal inn ither el a6 8 vh&si SVEn B0 B0°C, 107 torr for
deternmined using a Kruss K12 Tensioneter. The rogram
Ehdﬂn H NMR

abew one haut i Whitecrystaliap sylidwas obtained (1 & goicTRyie
| ast | | | , r af d
oL/ Co R AP bR e o BROL Buf P pERs

C,Fs8O,NiCsH ) CilOsurent and conputer are avail able from
Kruss USA, Charlotte, NC. 15 Preparation of FC1;

CAF9SO2N( C2H5) C3H6SO3LI A 500 nL round bottom fl ask

j 4 | heating mantle and stirrer
Pr qggt@ﬁg’?glﬁfﬁh\%e‘?ﬁ&gg%}h(cz%) (15. 0g, 0. 0458
ol és}-netke@burndibtiozn flagly;fitted.vith arodle $ingemnubnNEBEr (-I8C), an
)., The epsuin 1 xture was heated at  refl ux .
OV%%’&“&%F STmASOURIE AL PP?%@%P Sor gps 3Ot w12 pharaed with

pe@RBIINEnE QIFAMMEGIRIPBEH! $00.6 Be1 81 b1t Cvi@sbid frbhengd.
The clear, colforless filtrate was conbined with

CoinmBaprSs Fank MN), tisppeopiybether (00 lomvarrdbisromangmadddrich) and
to, about. 50C for 1.5 hours causin recihpitatio f a

plag e B PETOoRT bR il AT UOhPEdp Yo orBoie] aadded

throhgt Be SWel HeVaperiGPbEE BShrdMt o fatel Juah kian dBp ih? effMi8E 8 °C
suspensi on b suction through a si nteredpg ass frit

congeriseryesinetolseryahie. Jrhedingl teaperagire lof theonirgopivapd3°C.

. _ i A I |
G ar bE Rl MR Re LRI By AR R LR E B ndf oG
thel@Hé $6D2&HD 3/20 ARZIMEd acktinesbhesic preabury. Wiess thetpooenguechtirh @guched

95g urther dried in a vacuum oven at 5({9;160@

0-2 torr
forthe lgpparalgR sctRBIRF WanloRrTad o/ s pat FIRRIZO PG dsd (400 mL)
fol R ; lfggig’ -é%ig (QN?% BEhY b5 he a HEoIhhiNMR (he REM E&{Hr%below

recor i n d6-acetone was consistent wt
85t @ hethrtcbtwasestiokd f@ABOSADNODRHS HBIHEBAPPEL agiicous phase was

P ti of | di at FOSC2NH2 - A 3- n.
rerh NI Boter e el AT Pedhe T aepry g Rl ensene: 95%
in 460/80)watéx), they itheRbnidel Wakr (sédv@Lypcoupl e and a

pl astic tube for gas addition was charged with

per flhe orswee warkeagdomd|solvenigemeEed WRRF vagpo with water flowing
R AR 3G A RIRADa B oEL sl s o

diséilgkion at 12 torr and temperature of 120°C to 160°C. 454 g of white to créme colored
solid, C4FsSO,NH, (96% yield) was obtained.

Preparation of Intermediate C4FySO,NH(C,H,OH)

A 5 L round bottom flask equipped with an overhead stirrer, thermocouple, and
reflux condenser was charged with C4FsSO,NH, (2000.0 g; 6.69 moles), ethylene
carbonate (245 g; 2.78 moles), and sodium carbonate (48.5 g; 0.45 moles; Na;COs). The
mixture was heated, with stirring, at 120°C for one hour. More ethylene carbonate (154 g;
1.75 moles) was added and the mixture was heated for an additional 1.5 hours. After

additional ethylene carbonate (154 g; 1.75 moles) was added the batch was then heated for
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placed in a bath of roomtenperature water. Ammoni a

gas (90.0 g; 5.3 nole) was added through the tube
woyr/oatoper i od of 3 hours at a rate such that BET/pRiong029262

off the -78 C condenser was not observable,. The

final tenperature of the m xture was 13C. The m xture

an'48&itidhd] QVEKbUre ThHe infix f¥E WAl 8dtledNot §9°@RINA d¥Shri£d"wA8R (1000 mL)
tenperature, 15 then the solvent was distilled at

waa s Fdlowed Mégkfu% acifEne;taeacqpsrated e niherbatabrwasragtiatad dor 30

migiEs M S ERE e 00 Mg e R i C

aci d’he 1BPerGiqaeve ph%%tya’itwaa rérabedtty \rmulﬁkh&bplrdti@ﬂ and deionized
erature below 85C. The batch was stirred for
W%QE@OOl@LW%@@dt‘%QW remaInEI g IAYeTandohe Suxiges was stirred at
§ r i
e N R R i R
fuﬁd&Eﬁnthé fhoveke iopgrnieghasatves sqpatifedficgm tHedepper aqueoes plse to yield

heat | ve r ed under vacuumw th water
2163 gwfﬁ'eﬁe%nl?% Nﬁ(ﬁﬁmhenser until the batch
g i gt@%tF b Rid iRa AR i the Jtﬂ@e SRehisl WRBineIU6 sfithexaesued

l'at1on at 12 torr and tenperature of 12
matGOC. CmaﬂC@SDzM(@d{wwma@dllmaelueeéttelr |ﬂa§k equlpped with an

oS A A SRR S 70 e B

cofuhﬂﬁi‘{o@g&dltﬂ B@Gcﬂé&eﬁ Rii Ml aOYE héWam d $Edelvel W afeh QB RoRH @nder
ux condenser was charged with CAF9SO2ZNH2

requeedpressuse Uigil dle pasitersperagreniphehed 87 BotPaman gy follpwed by

N e
colléﬂi)éa dt (héammphﬂlwres &br20- B34RY) @ eemyprixared toé 16&-540‘@:’ and vacuum
was, added and the m xture _was heated for

of ér? laavng,. '%H%{Pl of 1§7h g 1ras 1sokgteck (COTERGHPE fIr4ICORYSRSIPRy{RE Yield was

7468r bonate (154 g; 1.75 noles) was added the batch was
then heated for -13 WD 2004/ 044092 PCT/ US2003/ 029262
an additional 4.5 hours. The m xture was cooled to

ProRIF S RN Py SO P AT H oRe30 toncent rat ed) . The

bat mmegm@}g@szoﬁQ walpfph R eddatially ﬁdcbftﬁng’\@)sthe

di sconti nued, allowi ng separation into two %ses The
prapggere das;ﬂm@@qijgl Bisparatiomy e\fithwa@emm@ab%&a R{(C:Hs) was

re;{qg'c%fl rv&;} h (9 Cqufd&?f]am 4 F%%tl a)(lélsogé) Pﬂ%%re%éox% d?rgi the

ures

coﬁréslpbﬁdidg aﬁloul&QQ)fftmf followarttwticained: LI30HAHNO(@S6 gTO 013 moles)
reaction m xtures was Bwur ed into a separatory

MERE B 801 Joirgeanccul BHA L ohaL0 SEDMPRRO( MPgkeBRBIINE solid

Wa%g%g%@%g%gm%§%l&)p yield 2163 g of crude

Preparation of FC-3; C4FySO,N(C,H4OH)C,HsSO3Li1
C4FySO,N(C,H4OH)C4HsSO;Li was prepared essentially according to the

procedure described in Preparation 1 with the exception that the corresponding amounts of
the following were used: using C4FoSO,NH(C,H,OH) (4.2 g; 0.012 moles; as prepared
above), LIOHH,0 (0.565 g; 0.013 moles), MTBE(50 mL), and (75mL), and 1,3-propane
sultone was replaced with 1,4-butanesultone (1.83 g; 0.013 moles). Additionally, after
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GC anal ysis indicated that the crude materi al

contai ned 66% of the desired 10 material. Crude
w@EARIBSENH C2HAOH) was placed in a three-literrdT/a84003/029262

equi pped with an overhead stirrer, thernocouple,

vacuum gauge, and a six plate sieve tray distillation

evERIr MR L BEMYBH bR 560iaE At fthodpisdriclpréssieNDIVER W ag Adlied and
receiver. Water was renoved under reduced pressure

refling was esvanqsont 85 eafrarlahaw eeshlimghie aregiRaialiq oba miteigglid. The white

0 l,distillation. H gh purity
50@ %@%ﬁ?&ﬁgéﬁ(sgpg {dgr than 95% gc assay) was 15
coll ected at head tenperatures of 120-134C, pot
tenperatures of 156-170C, and vacuum of 4-9 nm Hg; A

Prenstasion of FEof s 15o2aN GRS correcting for %

YR AL U LRSI R

devaiberie Paspachtios §erdpmlﬂgyC4st$>©fMﬂ(rﬂg,I-lr46HD vaéth QuFo8@eNI£(15.0 g;

O%@crl bed i npgr;rg%gé&tn:ggg‘oé@\é\n&%% exc ti on t&déﬂ) H,0 (2.32
g; 0H53 rrg)’lesg) QﬂI%ETMO@SrnL)aﬁ)ME‘%Rﬁ)"ﬁE? %hewlbu@muh&% (7.5g; 0.055

correspondi ng anmounts of the f ow ng were used
mdlesDHA M28y (Mits Bokid was BoBitedo|ld)g; 7%IBE).( 50 nl) and

1, 3-propanesultone (1.64 g; 0.013 noles). A white

crystalline solid 25 was isolated (3.39 g; 58.9%

Profagdtidh of Fces)amscom(@lﬁ(cﬁ@)m*(@ﬁﬁ%@@%m@@mw CAHSSOBLI
FOSO2N( C2HAOH) CAHB8S(A3Li was prepared essentially

accdy g Lireundeotton Haskdiffed Wik epnslsasarnheptiag maatlﬁz @ sgirrer

t t
ol b5 AR o Al Yo g ST By . o0
mc(léls)Z lg}prﬂpz(}l]:ﬁllmhb €5.25 gSO pAZ prteall anchMT\w (10DinAH FROmixture was
O 565 g; 0.013 nol es) B (72‘8 .. and &75m_3 , and
rﬁﬂ%gﬁ@era‘g&ptvgﬂbst%gg g B (%‘ftf:hcooh g to room temperature,

thépéol@l&l@ @&ﬁ?whft@gﬁ)d(lét VB33 iSola@d B 810 RDF the WEBE QRBHsYon by
ter -14 004/ 044092 PCT/ US2003/ 029262

su@mpbnoagh agintaped gkaﬁs T BRd byshing bf thg pescimtateowiph gir¢ec100 mL

oo S e 58 B PR Bl BRI P ur B8
va&ﬁinﬁ Qveanﬁ 80P €10 SPdrt EbrwBsuti43ahidued. A Whi@ s8lid 33s B¥ated
g 5 Preparation of FC4; CAF9SO2N( H) CAH8SO3Li

(HHIAUHBSCBLI was prepared essentially
accord| ng to the procedure described in Preparation 3
" replaci ng AF9S2NH(C2HAOH) with CAF9SO2NH2 (15.0 g;

Prépatihionof €66, G5 OINH@@H,) SELeRYI ng armunt s of the
foIIovvl ng were_ used: L|O-|-H20 2.32 ; .0.055 nol es)
B (higsoneckgd 2-ifaz rpunsibation 11 &qstl,p@ff% Wetaﬁesqyplths%smer

hegtYHgE’rHantl%, Qéﬁnocouple, addition funnel, and reflux condenser, was charged with
DMAPA (642 g; 6.29moles) and hexane (2000 g). With agitation, 992g of fractionated
PBSF (992 g; 3.28 moles; fractionated 99% assay) was added over a period of one hour.
The batch was stirred at 50°C for another 2 hours, then a Dean-stark trap was inserted
between the flask and the condenser. Water was added portion-wise and the hexane
removed by distillation. The flask was cooled to 21°C and the batch allowed to settle for
15 minutes. The liquid portion was removed using a 10 cm, 70 micron porous

polyethylene rod (1.3 cm diameter), under vacuum. After washing twice with 2000g of
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10 noles). A waxy white solid was isolated (1.57 g; 7%

yield). Preparation of FC5;
w@EAEIBSEddNY H) ( CH2) 3N+( CH3) 2( CH2) 3SC3 A 500 nli rpCmts2003/029262

bottomflask fitted with a condenser, heating mantle

and stirrer under nitrogen atnosphere was charged

waldrLhwEd E}%ﬁ%&‘lﬂ %Wﬁ@lﬁé@ ax(dlél(ﬂ&d tQ dP3R rodm ERb&Sdire

1, 3- pr opanesul t one . nol es) and MIBE (100
ovcrh)ghﬂfellcvwedbbr 2howrs ahQQ 63 étWhlea‘ ﬂthxl wasnggated:ure with

CFapVARCHIN G {18 0B <ol T wai e product vas

isolated by filtration of the MIBE suspensi on by
suction through a sintered %@888 frit and washi ng of

Prapaeation ©f FETT; &1«8sSPAM CHae HEOHYGH 1§ OsNad(CGH 02 Chks)2MT BE.

Th
For (L B EBR LA BB B8 v arse
wxﬂmﬁb@mm@mm@mg (1 9.0/t 0815%1és), QHBS |(5335 gt @d2 moles), NaOH
6 0; 93 %yield). Preparation of

F
ov?rﬁ%h?%sfulltﬂﬁﬁflea%ﬁl RESlyMS L. an over head st irrer, 25

ernocouple addi tion funnel, and

CJ@‘OM{CH@H@HﬂHz%NaKEHzQMCMIzh DMVAPA ( 642 g;
6. 29npl es) and hexane (2000 g). Wth agitation, 992¢g
of fractionated PBSF (992 g; 3.28 noles; fractionated

Pre%%%?ti%ﬁ%@l"t -yvag, 1adead[aYLH@IPeH 29@3N£]§@H93quHZCHTbﬁ)CHZS03'
at ch

was stirred at 5§C f or "anot her hours, then
J(bean-stark trap was inserted between the flask and
t he .conden

o A PSP RSt oRY e A A C- e Fradufehofea
subssgialtRg thOfodWi induhes srahsbriak!! Qumdmm@mma(ém)z (5955 g;0.16

m nutes. The liquid portion was renoved using

mofes) PR 63D BOQJ%Z medisy eNpYHardlersd 43¢ £; 8.3¢ ﬁﬁﬁd?% ﬁé@ éﬁl})mzed

RIESO NS I hBSHIBL M GE RO000 of 15 v

solid cake was isol ated and allomed to dry at room
t enper at ur e ve 0] d. by 3 hours at 90C. A
Preparation ob FCePs \52594@5)‘1@@%‘8{{ H(‘%ﬁ%ﬁ- erp) aN( cHa) 2,

115919 roc%&u& 'dCS%I‘lBE@ Rﬁ‘rﬁé'\%i?ﬁldﬁfof e 7 was essentially followed,
CAF9SOZ2N CH2 CH3)2 A1 L round

subwtlttmlglthé ﬁ)élbWﬁngt aneaiing thmatenéat Cm@S@aNﬂl\ée 9B g; 0.29 moles),

CHINGE G 0-H 34NN pdldsd 17 DG St ghisd gargn 0100

mﬁ)ll)?es&ugg i10a 3B BdIREshoRal thBks )c&gsd)zm@M@mHﬂme)@HzS@@Na

The flask was heated at 95C overnight, resulting
in a solid shown to be: 10

Pre%?a%%%w%mwé%ﬂ%ﬁ%@ éﬁlz(S%;Waz )

A one liter flask equipped with an overhead stirrer, thermocouple, reflux
condenser and heating mantle was charged with C4FoSO,NHEt (92.0 g; 0.28 moles),
NaOH pellets (0.14 g ; 0.35 moles) and deionized water (90 mL) and held at 98°C for 5
hours. The batch was cooled to 76°C and CHPS (69.0 g 0.35 moles), and deionized water
(20 mL) were added. The batch temperature was increased to 100°C and maintained for 18
hours. The set point was lowered to 90°C and deionized water (150 mL) was added. The
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Preparati on of FC 8;
CAF9SO2N CH2CH( OH) CH2SOBNa] ( CH2) 3N+[ CH2CH( OH) CH2S(O3-
W0 @0HIB)@9The procedure described for PreparatiPer/uv§2003/029262
FC-7 was essentially followed, 15 substituting the
foll ow ng anbunts of materials: CAF9SO2ZNH( CH2) 3N( CH3) 2
bat(:ﬁ %va@ aﬁow@d fb@oom tﬁ%mn%"dﬁ’ao‘(@% whete s@lidadBlA&d in th@ghtom of
. nol es) and dei oni zed water (25
therﬂ@sk murmagwas smolzpeécand thestobidrwas allpwed tosettlsove sal t .

e TRrbe BrEh AR BRS A by LD oo g e Hom e

whte S6Rd. lewzd‘dqbét@:vv]@do m@ubafstddﬂéd hmDtht betch wals avatedto 50°C. The
anmount s of mat eria CAF9SO2NHWe (90. 8 0.29

ﬂaﬂvwesqoolectnqﬁs ¢ exd élcgveddoszttlﬁoﬂeesqpper\b dster wes decppted from
thegsivhxgeI s(o%d tﬁéS got%ﬂ'?rg f’fj ?{35]5 queh e%; w&t%lo&oo WIL) 'was added and the

batch R&S%Nﬁé‘&ét Chit Ay LR SeNmen 2iftefed ePlgr @k ofi wiiite solid was
G 10;, CAFOSCPN(EL) (HRCH( OH) CHoS0BNa A one I ter {1 ask
waghndi Witk deigpigsr e (0P malay thenidried o gvger mocoupl e,

SRR G N 0 SR RISSIIEs i o

alignat titht Bad hcdnexs)dlﬁmblamderecamdmm dat@ncth8® Wﬁw comsdistére lvdth the
at 98C for 5 hours. The batch was cooled to 76C and
destiqdSUPEHI® ¢ 0.35 nol es), and dei oni zed water 30 (20
m.) were added. The batch tenperature was increased to
100C and nmaintained for 18 hours. The set point was
Prdpavation @f tRC-9DCn £nlio@eiltedOsEd wat er (150 nl) was added.

a1 T QB PR R R reae Yo OmE i L, e

chdrgeld wan @edyme (1308:)bAtd T“t‘.h‘464 (819 gf,| KBK38 g,rﬁi6$triolldsb mg
was stopped and the solid was allowed to settle.

Peltfhlér%t)@hl fﬂ‘tﬂﬁ‘ﬁéﬂﬁ% 9. 4"@&81%]@8 MFcpusitys apg Béﬁanq@ ﬁl&tﬂna oo g;
0 SRS SRel 30 Wi WA 00)0 oo Vg oo

tredtbé with 45%aEKOHas] pedpaated o/ithdGluamd Saluttoweal thoreselfing eolid, n-
he .u r_Ligui er was deantdfr ite

Clpe RS Lo PRt e Sanieied Binb s and vt sty
nm.) was added and the batch was slurri ed at room

tenperature, and then filtered. The cake of white
Prepatation wh §C- 12a sHedr Wt HsSd&Koni zed wat er (100 nl), then

s e TR A S e o
follAenp eRfg@c tiglfrhed 10! Aﬁﬂwg&dr Mrigah 7 @i 57 WFEGBANE V6 Boles) ,
eSI re

consistent with the structure. Preparation of
bufage sultane 73 Bp®5A BEdRkend replacing n- perfluorobutyryl fluoride with iso-

perfluorobutyryl fluoride (175.0 g;0. 461 moles 70% purity). Structure of the resulting

solid, 1-C4FsOC,;HgSO5K, was confirmed using Be- and 'H-nmr analyses.

Preparation of FC-13; n-C4FyOC3HgSO3K

The method described in Preparation 11 was essentially followed substituting the
following charges: n-perfluorobutyryl fluoride (166.0 g; 0.562 moles; 90% purity),
diglyme (150.0 g), Adogen™ 464 (9.0 g) , 35g KF (47.0 g; 0.81 moles), and replacing
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A 600 nL Parr stainless steel reactor, available from
Parr, Chicago, IL, was 15 charged with diglyne (130

W@ 2004Ad9gENTM 464 (8.0 g), KF (38 g; 0.65 nol eBYT/UR2003/029262
perfl uorobutyryl fluoride (130 g; 0.440 noles; 90%
purity), and butane sultone (100 g; 0.73 noles) . The

bufaf@&l1Rne WA th ﬁl‘gﬁén%@uit&lg(@@d 0.660mbRYY. Strudifie Jritpd f‘éﬁlﬁtmg solid,

was cooled, treated with % KOH and precipitated
n-QiFbBCH B4k Wastonfirmed asiol  1Greande Butmi glyses.i d, n-
CAFOOCAHBS BK (1849, 92% purity), was confi rrred usi ng
3C and ' Hnnr analyses. 20 Preparation of FC 12;

Prdpafefio GEAIB ELGKF Nt N(E i@ TR EOH(0eDCHpS Bepar at i on 11

was essentially followed, substituting the follow ng
CoE4$4D8 K C-di Gy mixtyre10. 0 g) AdogenTM 464 (7.0 g), KF

(35. AO§&) mg, 8 At%?ﬁ flask e@ﬂ!p%?(? with!d rﬁﬁenfszxfg thath da(?aéfé

nol es rep acl ng uor obu yry GOF 15

stltrétavfs'i:lﬁﬁgreﬁlwdﬂf ©1F4$®{N’H((12|HJOH) @2.06 £7%6.9 ngnéle; &’k@&epmécbzﬁaove)
70% puri t Structure of the resultin solid
sociluwgcm $c% 2 Twammoliand Hgignized W@tqg%? 8 ghig fopm ggear

0]
T Tl
enfuingd mwadredighed itd 98 PO githiseirridPurfdel h aitiagen atmarsgkae for 16 hours

n- perfl uor obut yryl fluorlde (166.0 g; 0.562 nol es;
pur |Tth9 )resultmgdpuy FESCPU5E! lglcgl)waswgggﬁq-mom ]gpn(pgrzéurﬁ)and gg%monal

w5 0 By 208, L e v
prqniuop‘laﬁc@lﬁllrmeqh By @&afl@e glec(ﬂos(f&y&g{;msx\);\gc&édanuflrﬁd eh(/jcogr;?nﬁa'
coégére%rg@%%gﬁﬂqﬁeé% TSR R e

%ﬁ%ﬁ%%ﬁ / 4809 Further quantitative analysis
H( %% gﬁ; mxture A 500 nL round bottom fl ask
shewgd tﬂip@iﬁ%@fﬂl@&&@?%ﬂ‘ézm%mwdn&ntl e and stirrer
was charged with CAF9SO2NH( C2HAOH) (9.05 g, 26.4
nmol e; as prepared above) sodium hydroxide (1.1 g,

Préb?rraﬁlomlPE)lﬁmﬁFgmzmmr)zegcvmar(ﬂ*& 8 g) to form a
cl ear hongﬁeneous sol uti on.

nas CafteNFCHaeHOH (20 A 2af@5? W@Ie_rsg) a%h@ﬂi“ﬁ@; a'?ﬁ\see Jf%h 3.9g;
OCB?%&Q §5Q%) %dcc‘le éﬁ%g?rajtérr(hq‘g g)'r esu ﬁ're'a' a tRBE e mperature for 30

rmsp’here ting tan, viscous
misatesitntdra rahs velg hbmdgérmus salotidre wpe fatmad eTrwrpH adslil 2118 nEhe

wat er added to make a mxture. of about 10% solids by
solfgg s HRRE1LE BUECE@TgP he gttt SAlBoRBhT | r ned by
C.hgEBNvestasoraseray | c/ms which identified two

primary conponents: C4AF9SO2NH(C2HAOH) (as the sodi um
salt, me = 342) and

Preparation of FC-16; C4FsSO,N(C,H,OH)CH,CH(OH)CH,SOs;Na

A 1 L round bottom flask fitted with a mechanical stirrer, condenser, thermocouple
and heating mantle was charged with C4FsSO,NH(CH,CH,OH) (77.6 g; 0.226 moles),
CHPS (56.0 g; 0.28 mole) and deionized water (80 mL). The mixture was heated at 98°C
for 5 hours, cooled to 76°C and NaOH was added (11.3 g; 0.28 moles). The batch
temperature was increased to 100°C and maintained for 18 hours. The temperature was
then lowered to 90°C and a mixture of water/acetone (75g /120 g) was added. The batch

was allowed to cool with stirring to 40°C, then poured out into a glass pan and dried at 50-

- 18-



10

15

20

25

30

15 CAF9SO2N( C2HAOH) CH2CH( OH) CH2SO3Na (e = 480).

Further quantitative analysis showed that 53% of the
W@ B8CODHC2HACH renai ned. Preparati on of FC 1BCT/US2003/029262

CAF9S2N( - ) CH2CH2OH ( K+) CAF9SO2NH CH2CH2OH (20.1 g;

0. 059 nol es; as prepared above), KOH (3.9 g; 20 0.059

60"@5@0mf%ﬁ%1‘h@%§n d&itantzatoMaiiate sofif- @39?) ¥&REEnifidd tortRd
room tenperature for 30 mnutes un arelatively

C4EM@EG&&@&)@W@HA€82$@I% SLrugtyee yas Wiléinlle a9ng Standard
189 Iublon was filtered to give 89 g of 25.3% solids
CYIEGHNYEDI uti on of CAF9SORN(-) CHR2CH2OH +K. 25
Preparation of FC 16;

PrépARRRRNEC2H SRS R @QH,CH2SCBNa A 1 L round bot t om

flask fitted wt nechanlcal stirrer, condenser, -
t heAn@dbumpbteel aamlarvre aquippechwith h@adle sémerrvaschaigen with aniline

(18 e g e e (00 3. o Rt At BBSERds4 gyl ymonl e
endifig ﬂ@@ﬁl@dva%tsu%@:ancf Béatdl Q00 fRaBORG KrOTHSES oddicke NaGH
was added (11.3 ﬁﬁ@o 28 noles). The batch 30

CORIERPH Sieag @F’Eﬁdvva%h He(a@ &% aﬂb@@ wEnadep APt FOL fegra few
ho&l’% ’F uﬂl%(tur-gh&ast ace Qltﬁ\?@]guﬁ&%n% %‘@e)ra?lg ther @Gn ﬁgrk oil

a m xture of ma
extbﬁtt@hntd/\ﬁéth&lehewdrltl@ Theablvent \haﬂt\dapdmateg ahd tma()ﬁsldmiiéﬁ 4g was

d I d
SRt oI B30 o oHeE B e el B
ReERRLAIAR ABmAka %@ C%@! fafl c%%?a% 9)5 glesepm ned to be

FISCZN( C2HACH) tructure vvas

confirmed using standard | ¢/ ms techniques.

Preg D A Bt A GRS e FEr s iLi?'ged

Wit A anj3-hétked tBd DoBomGladk eqdugbed With 8cbydeasdrN@edtRRical stirrer,
0.6 nol) and PBSF (68. 23 nol). The ensuing

hein oS suadaticns faoich wes Rassedivit pm@rqb@ranamysﬂmnde
(1005083 BhLF bR SRRL BALG £/ BLB MEPTa bl dy Bperiod

of 30eninitxd. dihe ewssng henuecival feflatdedatt72°G tidif Zjhiduﬁ:s aowldch time water
50% and the resultin dark oil _extracted into

€ Panelowly gidedel hemalehowps stinted\foisaboy b hyPagules %?Hdthf’ fgper

aqlgegylﬁh gH%le Wil ré‘xﬂo%@s‘m cﬁiéc%f'del% B’gl‘?e/ IteﬂlaYdlﬁén_naénWaS Yﬁ;ﬁg’successwely

waRles wish 51% stzfanc andf B60mbe & %n eq)gmzlevdtq:rgﬁﬂo thu) "Ehrorasc@ius yellow

: 60- 63C. 15 Prepayal. )

R SR EHE P Py CREBHEH 90o) A 1 L 3- necked
round; POt hQme4 kel bBAYIMAREH e¥hibpedBw kR RURDBATical stirrer,
mechani cal stirrer,

thermocouple, reflux condenser and heating mantle was charged with C4FeSO,NHC;H5

(93.6 g; 0.27 moles; as prepared above), NaOH (13.6 g; 0.35 moles; pellets) and water (90

mL) and heated at 98°C for 45 minutes. Upon cooling to 76°C, CHPS (67.5 g; 0.34 moles)

was added and the temperature was then increased to 100°C and maintained for 18 hours.

Water was then added (250 mL) and a viscous yellow liquid formed in the bottom of the

flask. The upper liquid phase was decanted off and discarded leaving a thick yellow liquid,

to which water (250 mL) was added. The temperature of the mixture was increased to
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was charged with
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S, as prepare
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e Vi scou%‘ﬁgj gﬁ?s(/)%n.
liquid recovered was shown to be CAF9SO2NHC3H7 (99 Q)
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Prepagaian o€ Buifeted Qxide Etoh Bxgmpias @a¢ flosparasive fxawplédenser

LB AP g

thel50851 BOIEs®]utjoal Prehtjesancindlyeon(adied 2% pudarthnio ®ate dnatater
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alofe gymixsyrs
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en adde
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ool i to 76C, CHPS

ow i

67.5 Q;
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isoglaﬂgﬁﬁﬁs/ﬁ-%umow%m d)?%x% al ned dyake )l %ilsnleqr Phe ﬂ%@ﬁenﬂcal

prefngix e ailded tioer hifferashorade ¢ttfesaatidn GOE SThié Rubfserd dxidpstch
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resuf?

uAhMAR Bhcdni@tion Whilsed
2004/ 044092 PCT/ US2003/ 029262

50C,

, Unésk aedist Qoted TOTW: 1.
then cooled to

19CSutfpesricneamngrsugimepst wereghery made ewthsuailtewstjagd filtered

Uy F RO SRR s itz

filiphdiapbet, 350ank ReveserkAp daveilatds from Comirg; patiag, NY) @bording to

Buf f er

ed Oxi de Etch_ Exanp

| es and Conparati ve Exanpl es

Tegt Bypeedpse IoSusties Tersiombetaipinghen drsgabedrbeXei1itat e t he

addition of the surfactant to
Prem xes nom nally contained 2% surfactant by w.

t he 500:1 BOE sol uti on.

in

Tadet. Swfaoe &nsian vialies (dyneftmi) §o00plBOE sobitions e@dainaigemarious

(3:1 by wt.), or a mxture
ioﬁV&%

/ n- but

anol / de QnRAt

0

f vvaterf .1 sopr opanol
BIVER BONEERUBUONS Yyt ). Tabl e

Exempl&§ T 1 UOr@6RaeREngi8al 10 Orem Xpugsx &eaRd: L0 a

Surface Tension

bufferled oxide etch solutijon (BOCE 500:1 Buffered oxide
etch |[solution; avail able|from Ashl and Cheni cal|, indyne/cm
Dublin, OH) in an anmount such that the resultiqg st- filtration)
surfadtant concentration was 500 ppm unl ess ot/h PW S
not ed [i n Tabhgneladd&ir f ace |t ensi omofiBaGEHEMENT S [We8.0 (93.0)
then made on the unfiltered and filtered sol utlions
(&cuum Fi | t erFG28r age Sygtems, SDEWater 0. 22 milcr &8-3 (66.9)
PES—HvVEbrane,—50—1m—15FitHter—di= et 256t
ei ver cap;]§;3?Iable frjom Corn J§?§Ebrning, NY992(7&6)
acgor di ng-dcyldpade (& ogmdurie I: SupDiaggerlension| 227 (22.9)
Det er i nati on descri bed above.
ppm)

C5 Forfac™™ 1033D DI Water 45.6 (84.7)
Cé6 CHPS DI Water 91.8 (---)

1 FC-1 IPA/DI Water 28.7 (57.4)
2 FC-1 DI Water 24.6 (90.0)
3 FC-1 IPA/n-butanol/DI Water 25.8 (20.0)
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Table 1. Surface tension values (dyne/cnm for 500:1
BOE sol utions containing various
W@ o0vamntopAat | ons.
Surface Tension

none added none added 93.0 (93.0)

Exanpl e Fl uor ocheni cal

surfactants at given

Pr em xPSDUSTNS/029262

in dyne/cm (post- filtration) Cl

C2 FC-23 Dl

Wat er

o8

3 (

66.9)

_ Cpcse
n-octvl anine (@1000 D

~17 D

\
W

ter
ter

SIDf Witer O

C&
m

46.4 (90.7
o (90.7)

91

Fér f ag

Q/

1033D DFCV&t er

1 PAL DI

45. 6

22.7 (22.9)
(84.7) DIGGat@HPS D

ALt Ay

7 (BE7

\\at 9.6 (89.3)

A

DP Wa

Wat

er 24, 61%"@54 0

L 7V o

3 F(

ml 1

-1 | PA

I?T Mﬁi‘%‘hm / DI at @94 (29.5)

F

8
-2 Dl

2000 -
\V\at er

200471
46.4 (90.7)

42092 PRIAESZ003/ 029
5 FG3 Dl

VWt er

29. g

bl 21
(89L93829 ®)

68FC-4
(29 8\

Dl

it eFC2®. 4 ( 29.

ol Dl

5) IPA/RBuSardl/DIW aer 21.

[

9 19.5 (22.0)

{'\\ (o]

IOy

Fe -8 T

Q Ef\ Q_ID/\Ih hutar‘

h Vater I6:% (24.0)

JT T A

\Aht ar
v

10 FCG

LTI o &4

DI Watenpat er 1

177192 (24.0)

(

8. 2)
ter

ITFC
17.4 (18.

vat er

|
)b, 13 FCG-1

1/7.3

J.b rl.d FC- 13
o i pa nPL At £ O

Wt e

U'177 (18.2)

18

0 (

17. 4)

IHCHEC- 14 DI

17 /I (17 Q\

\\at er

/ 1=

17D1 Wad: 2)

16-EGC

1

byt )

15

FC 108 (17.6)

S Pl

EG

15

W er

Dl \\At er

26.3 (553 17 FC 1

8DI

= == =

vaPdVaer 4 (35, 8)

17.4 (18.0)

13

FC-10

IPA/n-butanol/DI Water

18.0(17.4)

14

FC-14

DI Water

17.1(17.2)

15

(1:1

FC-10/FC-15

by wt)

DI Water

17.4 (17.8)

16

FC-16

DI Water

26.3(53.4)

17

FC-18

DI Water

27.4 (35.8)

Preparation of surfactant solutions in various solvents

Solutions of surfactants (0.2% by wt) were prepared by the dissolution of

appropriate amounts of surfactant in the solvent listed in Table 2. Surface tension

5 measurements were then made on the unfiltered solution according to Test Procedure I:
Surface Tension Determination described above. Results are listed in Table 2.
Table 2.
Example Solvent Surface Tension (dynes/cm) for additive at 0.2% in solvent
FC-10 FC-14 FC-11 FC-7 FC-8
C7 DI water 30 24 24 42 24
18 HCI (18.5%) 18 19 19 33 20
19 HNO; (40%) 28 30 27 44 28
20 H>S0,4 18 17 18 33 21
(50%)
21 H3PO4 19 24 20 * *
85%
* not measured
10
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Preparation of surfactant solutions in various
sol vents Sol utions of surfactants (0.2% by w) were

wpempassok by the di ssolution of appropriate ar@OUNSR03629262

surfactant in the solvent listed in Table 2. Surface
tension 5 neasurenents were then nmade on the

weBfaid,t ered solution according to Test Procedure |:

Surface Tension Determ nation descri bed above. Results

are listed in Table 2. Table 2. Exanple Sol vent

Surface Tension (d s/ ¢ for additive at 0.2%in

B ven “aﬁ‘&‘,’-"?geﬁf&-sﬁﬁ%c‘i PR FC-8 €7 DI water 30

24 24 42,94 B abldl afdl8. 5% 18 19 19 33 20 19 HNGB

(40% 28 30 27 44 28 20 H2SO4 18 17 18 33 21 (50%

21 H3PO4bl9 22 spractggopfthefermplgasured 10 -21 WO

2004/ 044832 _§§HA$S2003/ 029262 We claim 1. An aqueous
etch sof ution tonprising: a) an acid, and 5 b) a

sur f acwhsrtinof the fornmula: RfF-Q R -S03-M+ wherein Rf
isacCltog C1l2 perfluoroal kyl group, R is an

al ky| efds 81 t¢E 1 s iprealk ¥R, CHOH) oCH2r -, wherein n

and mgr i [ S .

and | OB R [ CHORBC S, Shttinh and m are
ni t r ogedemendenly Mo 6, snd odab ooh, andnsloianally Gubstiorted by a catenary
- SO2NR2-, wherein R2 is an H, alkyl, aryl,

hydr oxXY8RY PT MUQEFHERMRY | , or sul f onat oal kyl group,

opt i ongt ligya ERId¥hakKH Ng one or nore

Q is —O-, or -SO,NR*-, wherein R* is an H-, alkyl, aryl, hydroxyalkyl,
aminoalkyl, or sulfonatoalkyl group, optionally containing one or more

catenary oxygen or nitrogen heteroatoms.

2. The etch solution of claim | wherein said acid is HF or an onium fluoride

complex.

3. The etch solution of claim 1 wherein said R' group is “C,H>,CH(OH)C,,Hopm-,

wherein n and m are independently 1 to 6.

4. The etch solution of claim 1 comprising 10 to 1000 parts per million of said
surfactant.
3. The etch solution of claim 2 comprising 0.1 to 49 weight percent HF or onium

fluoride complex thereof.

6. The etch solution of claim 1 further comprising a perfluoroalkylsulfonamido

salt.
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15 catenary oxygen or nitrogen heteroatons. 2. The
etch solution of claiml1l wherein said acid is HF or an

woniognafobrori de conplex. 20 3. The etch sol ut POnUs£003/029262

claim1 wherein said RL group is -CnH2nCH( OH) CH2m ,
wherein n and mare independently 1 to 6. 4. The etch

sgl uti qife QfchGbRItiFh bf 66! vHetdn $4d perfORChIBA I fOnRBEdo salt is of
mllion of said surfactant. 25 5. The etch sol ution

othecfosrnwia2 conprising 0.1 to 49 wei ght percent HF or
onium fluoride gonplex thereof. 6. The etch solution
of cl aRmm1S@NTReMconprising a

perfl u | Kyl ongri -22 WD 2004/ 044092

PCT/ US%’%%/1 %g‘é%gflz&l ﬁ%ﬁgrﬂéltg &%ﬁ@é%{ﬁu%n of claimé

wher ei RésaHgapalkl gronmal Hypdtoxyhikghgouplor smhminoalkef grotipeand M+
formula: Rf-SO02N- R6 M+ wherein Rf is a Cl to Cl12

per fl ubrd&UPl group, 5 R6 is H an al kyl group, a

hydr oxyal kyl group or an am noal kyl group, and M+ is

a cation. 8. The etch solution of claim1 conprising

HB. and Taaewhisuhatioh obclate .1 cothpising i @atdcdmmohiutn Buoralk.
claim8 conprising 0.1 to 10 weight % HF and 20 to 40

wei ght % of ammoni um fl uoride. 10. The etch solution

of cl aipi LichQBRIi0A bRBlafH chéﬁﬁaﬁ@ihg 091 tot 108w ighi B4 IHF and 20 to 40
Rf S2N-R - SO3- M+ (CH2) pZ wherein Rf, RL and M+ are as

deMeighe o pharmsinghwiniflugrides 1 to 6, and Z is H aryl,
-OH, 15 -SO3 or -NR3R4, where R3 and R4 are
i ndependently H or al kyl groups of one to six carbon

atons. Thd etchiR6lutibs Bf slalnitlicompeibing lsaifiBtdnt€ ONBE ifSrintiga:
surfactants of the fornmula: RfFSO2N-R -S03" M+ R -S03-

M Rfsozll\I—R‘—so3' M
(CHp)pZ
wherein Ry, R! and M™ are as defined in claim 1, pis 1to6,and Zis H, aryl, ~OH,
-SO; or -NR’R*, where R* and R* are independently H or alkyl groups of one to six

carbon atoms.

11. The etch solution of claim 1 comprising surfactants of the formula:
R{SO;N—R'-S05" M*
R'-S0; M*
wherein Rris a C; to C,, perfluoroalkyl group,
R!is an alkylene of the formula —-C,H,,(CHOH),C,H,-, wherein n and m are
independently 1 to 6, and 0 is O or 1, and is optionally substituted by a catenary

oxygen or nitrogen group, and M™ is a cation.

12. A method of etching comprising contacting a substrate with the etch solution of

any of claims 1 to 11.
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wherein Rf is a Cl to C 12 perfluoroal kyl group, 20

R is an al kylene of the formula -C"'H2n( CHOH) oCH2m
wob@rei49n and mare independently 1 to 6, aneCDUS®0£029262

or 1, and is optionally substituted by a catenary

oxygen or nitrogen group, and M-is a cation. 12. A

Me3nod e rfdidd HCISATPE Wt GRIuBSHit e @nﬁdé&%tlfyastaﬁi solution in
with the etch solution of 25 any of clains 1 to .

2Zprodetaroiurdpaegr wherrinusid pedereoniged patgm Whmcmbﬂ masking
12 wher ubstrate is contacted by
sa{)lr%seges{nﬂtppgf?nrsﬁ?saldéabsg “ar i ned pattern, wherein
said predeterm ned pattern is achi eved by masking
presel ected portions of said substrate. 5 -24
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