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STRI PPI NG AND CLEANI NG COWVPCSI TI ONS FOR
M CRCELECTRONI CS FI ELD OF THE | NVENTION 5 [0001] This

WO nwenidoen rel ates to met hods and aqueous postPEL/TE2004/024153
and/ or photoresi st ash residue cleani ng conpositions
for cleaning mcroel ectronics substrates. The
conpositions of this invention provide enhanced
protection of netal, i.e., inhibition of corrosion,

Then, Suoh ™ S ARETGL A0 BN B SuBoREE. 2ot
TO THE | NVENTI ON [ GF@ZRMIOROELBOTROMI©OSt stri ppers and
resi due renovers have been proposed s for use in the

m croel ectronics field as downstream or back end of

t he manuf acturing |gieepdEFAE INVENTIOR manuf act uri ng
process a thin filmof photoresist is deposited on a

substrate material, and then circuit design is inmaged

;he th\*h‘% fn'\ éﬁ‘tloﬁorlelléwé g P\%ﬁio‘&g aﬁé‘eaq”déB%eHosrt%‘%drﬁtand/or

enoved with a photoresi st devel oper. The resulting
phcviagﬁlatsasmeresgd@nsm@mﬂm qopRasiionadear gleagingatreicragiectronics

lLect:
Bl 5 7 St P AoTBE byt ebllion o
rreltzdhalet g’mmomrofcbennms:m, ehehasucrsohlolqemeonlc substrates are

TiecEh i rtpBh oG oo PEeli BB e ctching -
process, photoreS|st and etched material by-products

The etohed openEARKGROENS T8 HTE Bvelrigly, o' «==!!

photoresist. 5 [0003] Additionally, follow ng the
term nation of the etching step, the resist mask nust
(0292} enov ddarfyr patoiesish sitippers emidaesidue fremhers Unage ioeee pseposed

forhu% if nwee Rft¥delectronics field as downstream or back end of the manufacturing
line cleaners. In the manufacturing process a thin film of photoresist is deposited on a
substrate material, and then circuit design is imaged on the thin fiim. Following
baking, the exposed resist is removed with a photoresist developer. The resulting
image is then transferred to the underlying material, which is generally a dielectric or
metal, by way of plasma etch gases or chemical etchant solutions. The etchant gases
or chemical etchant solutions selectively attack the photoresist-unprotected area of the
substrate. As a result of the plasma etching process, photoresist and etched material
by-products are deposited as residues around or on the sidewall of the etched

openings on the substrate and the photoresist.

[0003] Additionally, following the termination of the etching step, the resist
mask must be removed from the protected area of the substrate so that the next
process operation can take place. This can be accomplished in a plasma ashing
step by the use of suitable plasma ashing gases or wet chemical strippers. Finding

a suitable cleaning composition for removal of this resist mask material without
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process operation can take place. This can be

acconplished in a plasnma ashing step by the use of
WG osanlosy pl asma ashi ng gases or wet chem cal PCT/US2004/024153

strippers. Finding O a suitable cleaning conposition

for removal of this resist mask material wthout -

-adversely affecting, e.g., corroding, etching or

dulling, the nmetal circuitry has al so proven

robl e [ 0004 m croel ectyoni c fabri

adierayy APEHTIa. G0l SORATRG, SIEhBa e IRe. SehTetdlr gty hes also
pmwgﬁgﬁkmgﬁémﬁ|c devi ce di nensi ons have decreased, it

has becone increasingly difficult to provide sui tabl e

phot oresi st stripping and cleaning conpositions that
[000a) | de Ny hakb&estdriPRattEator! nﬁb@%ﬂbﬁ@e\%ﬂ@%véhﬁ@reased and

W thout producing other detrinmental fects. n th
p%ﬁ&iﬁe@fm@é‘?ﬁ'@@fﬂﬂ'tﬁct@ﬂ?ﬁaﬁtﬂ”ﬁﬂsﬁnspbﬁ\é@ Qﬂ%ﬁgﬁS&?s i FtFi§) become
; I t rr, h S
ARG Rt I ovE cBtg MRS ST g, geaning
carpesitordr dhdtapkovigrarsuitablearstrippitig randhelaaingofprepdries WIthout

oTF 83 A5 S LR R USRS B pane
dlsfblaymeﬂ.ilélbl thoan 'pr.obmmloif oadtalasesrosioghduring phistoresist stripping, residue

heh oS 1 Dl BnE en e ek guar B i ¥ B of select

mieyals sxoH adralnasnumnditaditer as@tungtsﬂenganawom in an
attenpt to |l essen netal and dielectric attack or
-corrosion. Am nes and hydroxyl am nes have been shown

[0005) NCT €3S §ptdae redfduRClembrBefy iitroRetrBhie Hpplicidfls might be an
resi due renpval in solvent bl ends. However, such

alkpling-poriaigisy FQIBPQAIMON: Higbyngludes: RRIPRPIIANC éﬁlﬁ%’i‘tﬁem%%ded with
I“g%h}?:oﬁm‘mééxbfj%yHr%&?iE%nrfersogh@ rlﬁhé}' EolvéM?'l'gCE?érﬂs NRSdn attehnpt to

cases shortens’t he cleaner solution's effective
lelspere met@r 2l dielectr We%féicélq{aﬁqrr@éloel e&mé\esmwrwmmes have

bé‘érﬁe sﬁSwﬁttbvlﬁl‘,r)éaE %‘?ﬁebﬂ%n@% ?%H@r@séthgnc?lr‘%ﬁ&&@}&ﬁoval in

eaner SO exten t1Ines
sdtJeruI éwanded télnpyer/en; usunh aﬂkalleavesh tdsislugatremovalndermulations

e%%ﬂgﬁ@%%%g c?uiegi lyigel{p?% on ] ha? ﬁraquﬁél'??nt fhodt %gée%ngljwé’rtens the
cleaner solution’s effective bath life. Moreover, these alkaline cleaner compositions
are relatively slow acting and require the substrates to be kept in the cleaner
solutions for extended times at elevated temperatures. Moreover, the water rinse
following this type of remover can create a strongly alkaline aqueous solution that
can lead to considerable loss of metal from the patterned lines. This necessitates
an intermediate rinse between the cleaning/stripping step and the aqueous rinse.
Such an intermediate rinse, typically with isopropyl alcohol, adds undesirable time,
safety concerns, environmental consequences, and cost to the manufacturing

process.

[0006] There is, therefore, a need for stripping and cleaning compositions for
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can |lead to considerable |oss of netal fromthe
patterned lines. This necessitates 5 an internediate

WO 20vse19984 ween t he cl eani ng/ stri ppi ng step andpe®S2004/024153
aqueous rinse. Such an internmediate rinse, typically
with isopropyl alcohol, adds undesirable tine, safety
concerns, environnmental consequences, and cost to the
rranuf acturing process. 0 [0006] There is, therefore, a

PGB iasists At e SBLES 4R bR 8NE o ORI rBfiRve stch andior ash

resiiue |f®d|irﬁ|tble rrmm\é%cgbmb substrate, 6.§iéc|l’aluyladnl@ed I(’di;ﬁut:hEEIear?er and
m. croe ectronlcs str eci a ed for such .
oSl Temouhg cCamostien LirbaPAG: BoHEs PYY SRETcam el HEsion.
produce any significant metal corrosion. 5 SUWARY OF

THE | NVENTI ON [00Q7] The invention ovi des aqueous

cl eani ng conposi t PH ’F%YQ"T'Eﬁﬁi'NHE&T&QNeI ectronic
substrates that are able to essentially conpletely

cl ean such substrates and produce essentially no netal
[Q0971 osi orT hef invRRtiafe PEIVIdSScPRUPOYS oTleaniitth CoMPabifonstfels cleaning
nfict eIE@tr&I‘ﬁ SQuiRlrates! Hat VakY aBROTY ngﬁﬂs\ll? ﬁ&hgﬁﬁlyﬁnﬁean such
relativ ow t enperatures conpare

subs’tme&@thnoedw essentialy ntarrtetailcnabm&obmeanahahglements of such
SGAFANS %P TROR do0aP ratbifer) "WRAL kRBnAL S ArE 4l SBavely low
net ho usi ng suc queou eani n |ons
tenhrwatunea: roompaoed dai thes cleshingt Gmespaercmlredll for | gridgFPBrt alkaline-

GGh EERD R orpRliohSs: She Vet e PHRI R RBthog gf using
stitteadquevus &lezdingastintpositiont tatlean fiicroalgueonis sabstrates) articularly

F gngozéqtécg%éucgéubtg%%ﬁ: @ﬁﬁ@i |pon C%Se vvat t@lcﬁ?iroswn of

tHRNGndta) eRmérfaséf eme rﬁ‘brdé]/é&@ﬁi@sﬁmbétl%té H PRe) aiieous cleaning
phosphite (HPO 2 ) ions. wi |l be appreciated that

coOBPASIieRFoPH Whif '&M%F‘tt?@aﬁoé?ﬁfﬁﬁ)ﬂabmﬂ (nat inast 34\ o[)@mmomum or
qRARARIN dnfimBniGRITRAR Eh@r(c))f t &gt 6%V%ﬁtHyBBBh@§b‘HthO(ﬁ-QP@2 or
hypophos hif e and phosphite ions also na

ppeshitat(HPP:3) s dswitl iberappreaiated that\beih ammorwra and quaternary

aférﬁ%ng'ipr{;@:ﬁ i %H@Oﬂbm p‘?ésetnmn' ch%mdo%ﬁloh h@f %?"’}Hvé?ﬁ’lon and both

hypophosphite and phosphlte ions also may both be present in a composition of this

invention. In a further embodiment of the invention the cleaning compositions of this
invention also preferably contain fluoride ions. The cleaning compositions of this
invention optionally can have present in the compositions other components, such
as for example surfactants, metal complexing or chelating agents, organic solvents
and the like. The cleaning and residue removal compositions of this invention are

especially suitable for cleaning microelectronic substrates.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS



5

10

15

20

25

30

invention also preferably contain fluoride ions. The

cl eani ng conpositions of this invention optionally can
whane/opwgesent in the conpositions other conponeait/B$2004/024153

such as for exanple surfactants, netal conpl exing or

chel ati ng agents, organic solvents 5 and the |ike. The

cl eaning and resi due renoval conpositions of this

invention are especially suitable for cleaning

i | i b ) Al LED CRI PT] ON OF .

(oFbE! Ry et R dRaR PR R amERa Bl S g ygnier Sorlein water
gerpualuin an emaiungotﬁnilmosb¢dt<ﬁ®% (1] abdniutsgg'f.ﬂ%elptéferably fr%rg /about
nt al [ ener a I N _an a u rom t %
758 lon Bout8SHhe s uratetan) R HDR0h 80% 0 AbGuE B, and most

prRfSfabl ot é’écﬁft%B%bﬂokﬁ‘oh@%%b@ﬁve@ﬂ%ﬁtﬂe%Bﬁhd)bsfﬂg% and
nost preferably from about 83%to about 98% by wei ght

of the conposition. 5 [0009] The aqueous cl eani ng

[0008POSi t ITABS Lfucbli ScleBNMiRGT icOmpesiNbRd NoNYRAPhiRSHRIdhe contain
and/ or phosphite ions and ammoni umions. The _

hwbﬁm@hi taéﬂ{ﬂﬁosah@?c%“tandloalﬁmﬁ_ﬂdlm gUuraNYyHar y 1ons. The

R S R e g G

providied uby amBertivm agadtat of4he, physpbited eynplayed iabautanicuwnt of from
% fg¢.ahl % o2 0%

BB PLEPIC sl FOERM 115 48 oG 2972 FletdPBE from

abos 286 tesbdut 2994, on@e (Frefetablyweomreboaf 2%hte aboop®ddst Bodin some

. The hypo sphite sphite and, a ni,umions can al so

g nﬁ? viﬁgg’ byoot?@%’co%ongﬁ{ tsﬁamee f%qm%c}sg{ﬂndi ng The

h)‘quhh oﬁmﬁ@{fr@sghite kz:jj‘ldpbw?cdiim? ionst ben g ! (05:> lt§>ir<§lf1c!:‘e_ igedS by other
0 S rous and .or phosphorous acid or thelr "

cQEPYENS Fultabe PRGN FUSRIATS, Sty BoREVKIRG Brihg; qompositions

h@sopRBEpHBrlis AvRbEpRESphoRITBRIIAUGR theiF 6516Y, pkéférably sodium salts, in

tetraal kyl ammoni um salts. n any event the conbination

cebipatifibnenttd wiammegium  or  quaternary  ammonium,  preferably
tetraalkylammonium salts. In any event the combination of components will be

sufficient to provide in the cleaning compositions of this invention
hypophosphite/phosphite ions and ammonium/quaternary ammonium ions in an
amount equivalent to that which would be contributed by the ammonium salts as
stated hereinbefore. That is, the components contributing the
hypophosphite/phosphite ions and ammonium/quaternary ammonium ions
constitute, in total from about 0.5% to about 40%, preferably from about 1% to about
25%, more preferably from about 2% to about 20%, and most preferably from about
2% to about 17%, by weight of the composition.

[0010] The aqueous cleaning compositions of this invention will, in a preferred
embodiment, also contain fluoride ions from any suitable fluoride compound, such as
for example, from hydrogen fluoride, a tetraalkylammonium fluoride such as

tetramethylammonium fluoride and tetrabutylammonium fluoride, and ammonium
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sufficient to provide in the cl eaning conpositions of

this invention hypophosphite/phosphite ions and
W@RUSH019989 quat er nary ammoni umions in an 0 anDPE/US2004/024153

equi val ent to that which would be contributed by the

amoni um salts as stated hereinbefore. That is, the

conponents contributing the hypophosphite/phosphite

i ons and amoni um quat ernary anmmoni um i ons constitute,

i n total om ab, 0..5%.t 0o about, 40% prefer rom
ity 10, tBSab SO RIS pTEEAbIGr | PATRRoufucBBomates,
tetrabm;zlautmcm% flavdbofatds, RlLATifUnM BbyaffubAdesa Batithody Alride and the

ut 17% by We'el%ht of the conmposition, [0010] The

"k§ %B%&'Hor ee%FHFP@‘ s gy PePresentin ‘h%éﬁm% itign @ amount

of mpﬁ\mm &b &bbeth (ﬁﬂiﬁtpﬁbrﬁ%ﬂb% @ ﬁ)oabb%f‘ﬁ%' By \t/élgmrdfdﬁe E6gosition,
fromany suitable fluoride conpound, such

pr@f@aaliiv & anrBReHY @ digEh apputotq &eabwtt%@%apmraﬂﬁ%?outm about
05buey hFHFt*He%%U%] %i%ﬁ fé}gﬁ Y gﬁ@%@? ttl'y"trBu'nUeSHdu@*Qo 3Pt to about

tetrabuty amoni l'uo anmoni um -
2000 pRsn. afd. 00k tsr about 0264 weiphtefitheleempesitiande, f or
exanpl e fl uoroborates, tetrabutylammoni um
fI uor obor at es, al um num hexafluorides, antinony
I ke. The .fluoride,. co

fl d d
o3BT, "he EF%@@H?O%C'?W%&RB@Q?' B R g oy and
prI@Fé"ﬁablp dod AW dbntalh BRE dPPbRY sOIAID vidberaddibile Jd}’gél‘)‘lc solvents

i ght of the conmposition, 5 preferabl* in an anou
AG‘P“Er‘Bﬁu VRsloUE ofganie sAEOtS suitats Sliittass O'SOG’WJ‘V%'%%&R‘)“O'S

s@:h5°/5§3y rGht dRlcolsheg F?@Gipq_ﬁhéﬂsonmkﬁ[bi/rr@ﬁélﬁorﬁ&sef il ¥s  N-
froma out dﬁmto a bout 200 gpm or 001% to
7

m&ﬁthﬁY"@"@%’Wﬂ MRS tTheydsorvabiart M’iﬁOHC{"UU‘Pi] sy as, 1-(2-
R ERRMGCH BT PhorS PRy, U lorhdiviue (AP, (AelMlisptomide
(Dtdae), splivlate or @rrgamyleulwldﬁefEMSOArrﬂm}et $mverds intaysbe added to
Iirﬁ{t g@%g%gar%lg&@ﬁrﬁe}gsé ytgg lr gl gal:&rﬁggélt?‘qnspghg h drrgo(LYce metal,
espdcidily pymmmbrml pnalesnsu o&tlo&s;ole;siohyﬂatgsr If cﬁtmthrbrmmmmum and/or

aI{J erh- allo OIcrocr)r)c(> i%lnk%hlb% o%y” leic,lgeloj1 Peterra léicwa‘?er-so?‘uer organic
solvents are polyhydroxy alcohols such as glycerol, N-methylpyrrolidinone and/or 1-
hydroxyalkyl-2-pyrrolidinones such as 1-(2-hydroxyethyl)-2-pyrrolidinone (HEP).
Such organic solvents may be employed in an amount of up from 0% to about 50%
by weight based on the weight of the composition, preferably in an amount of about
5% to about 50% by weight and more. preferably in an amount of from about 10% to
about 50% by weight.

[0012] The cleaning compositions of this invention also will preferably contain

. an oxidizing agent to provide further protection against metal, especially aluminum,

corrosion.  Any suitable oxidizing agent, including, but not limited to, hydrogen
peroxide, persulfates, perphosphates, hyposulfites, hypochlorites and the like may



10

15

20

25

30

hydr oxyet hyl ) - 2- pyrrol i di none (HEP), dinethylformam de

(DMF), dinethylacetam de s (DMAc), sul fol ane or
walzoveiwpBsul f oxi de (DVBO). These sol vents nay ber/asmedo24153

to limt the aggressiveness of the cleaning

conpositions and to reduce netal, especially alum num

or alumnumalloy corrosion rates if further al um num

and/or alum num alloy corrosion inhibition is

b%%mﬁ@%ﬂdggﬁég%raﬁ%pg%tgﬁ@ﬁ gég b}&‘sg g?rmo% SLlchevp()err(]a“erred oxidizing
Eblﬂﬁé Rydre élﬁ Pledkide0 MEherAIRb Ot élf-omdlzmg agent employed will generally
dr oxy al%‘il - 2-pyrrolidi nones suc

bg } 1 80 e ;své{rﬁgn §%Hmptprahgut é./mﬂﬁ%fe@hépfyom@})@w Breganiabout
55’@'rﬂ&€&ﬁef@?§bl VRoRMRIARY 8%% fo 8%, %'ﬁeuﬁéstqfrefépaa‘ly RBMOIBILR 0.6%

about I ght based on the wei ght of
t%@bﬁ%éﬁ%(ﬁvagéﬁ‘@ﬂmpwpﬁﬂm anount of about 5%to

about 50% by wei ght and nore preferably in an anount

of from about 10%to about 50% by weight. 5 [0012] The

cl eani ng conpositions of this invention also wl|l

[9M8] er abl Whec saMaPsitians ©%i the zPiegertgéyentien pray ke contain any

shititid &fatdr %I@&é'&ﬁ?ﬁ’rﬁfﬁ' dqsﬁormah@l ’caﬁérﬂgcéra!ahl}ﬁpﬂl éUHd&H‘ﬂt The

corrosi on. sul oxli di'zi hg age I'nc
agditiom eaf ¢|Srwftae@nt wvill hgdiraegthe gerfane @l@s:qmepélme afomulatlon and

"ﬁ%@g i@e}?@%ﬁiﬁ%{ gieg%ﬁ'fgcre té Ba ﬁléé%%fi%hgéértegoz??ﬂgrogg g?e cleaning
attiorsof ﬂneemmmsitio‘ﬁhé' hpreifactaet mayi alsa begdugdntdb reduce aluminum

oSS Gty I Hisfng, AR iroShn SbERENOR ARSRE.ATphoteri

sh@acﬂ@ﬁtstufsé% wplhéic&:hﬂids%loﬁ‘ts ogtmu/ el |ﬂ\5=%t|g|® iredhalet béiSes and
refer r ou % an

SHTRRIES SUAY Bt A e s A Ton oeldioss. S Shshetaes and

ahrlidoaneAP osilfdbRiainds) 01 3middrairsexymesi htigns d@hvéth@s such as

present invention may al so contain any suitab
amh@is?'y%'ﬁ?t@ﬁl émﬁﬁﬂl’@?@f‘?@s ﬁ’ﬁ'ﬁhP@EWE‘“aéét p%pmp@pdlpropmnates

wﬁﬁb@@b@sséﬁcfwaéé %%XYJW? |ﬁ%d‘1é0@f§ ef a%o%?élﬁﬁqmdlé{&dé amine

reduce the surface ensi on of f ornu t1 on and
oKigp# Sueh tasealit eming exidesand ualhe\@reIdpoaIbﬁamllr@an@de&nﬁudoroalkyl

shIRSHARELL R IBNAYE BIRGI ShERSEAS:; and mixtures thereof. Preferably, the
amphoteric surfactants are cocoamidopropyl betaine, cocoamidopropyl dimethyl
betaine, cocoamidopropyl  hydroxy  suitaine, capryloamphodipropionate,
cocoamidodipropionate, cocoamphopropionate, cocoamphohydroxyethyl propionate,
isodecyloxypropylimino dipropionic acid, laurylimino dipropionate,
cocoamidopropylamine oxide and cocoamine oxide and fluorinated alkyl
amphoterics. Non-ionic surfactants useful in the compositions of the present
invention include acetylenic diols, ethoxylated acetylenic diols, fluorinated alkyl
alkoxylates, fluorinated alkylesters, fluorinated polyoxyethylene alkanols, aliphatic
acid esters of polyhydric alcohols, polyoxyethylene monoalkyl ethers,
polyoxyethylene diols, siloxane type surfactants, and alkylene glycol monoalkyl

ethers. Preferably, the non-ionic surfactants are acetylenic diols or ethoxylated
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action of the conposition. The surfactant may al so be

added to reduce alum numcorrosion rates if further
W@baosiomese corrosi on inhibition is desired. AnphOL/E51004/024153

surfactants useful in the conpositions of the present

i nvention include betaines and sul fobetai nes such as

al kyl betai nes, am doal kyl betai nes, al kyl

sul f obet ai nes and S anidoalkyl sul f obet ai nes;

am nocar boxyl i derivati ves
acRHIRBY! 9'8|5natﬁé‘é°“'%r?HH‘BﬁPB§| B?%(k"e%‘ ﬂ%ﬁﬂ%‘&%‘i'?’&% Rh!Rg present

invBAtIGHTIRRAE REPIPHAE £ N-ab b A106kiRdte €l S iR BtedS sulfates, and mono
al koxyal kyl i m nodi acids or al koxyal kyl i m nodi aci d

angi qﬁ%st%a g ortboeitpspaong |a¢id SHEh @SRy, éDhgﬁah%tﬁkﬂ%fﬁfa@!y the

afiokit! ﬁlﬁd&?arﬁé"a?@%etgll-% Qakdxtants Ul CoHiESuABdants useful in the
fluorinated al %/ anphoterics; and m xtures thereof.
&

cempegiiens y, oft hdhanpRssent ¢ igvgTTtiget afncluder e amine  ethoxylates,
d%ﬂ{yﬁﬂﬂbﬂ ORhRRNiu @et ai ne, o coam doe{ ﬁg}fﬁ%rﬂhg%hy' salts,

al ne, “cocoam opropyl droxy su
altkyipenzyicimetiythinpmopiuonat ealtscoc@aqyltdmdtrwtaopmmame salts, and

FBRIRDR" SHSOn R Ser hE ML UGN 9Pk DB Een-fre

ecyl oxypr opyl i mno ’di propront c aci aur
sdifgctants 0 ExdmplecafEspatidibps dtppleasurfaetantd idelude, obut :aoe)am Imted to

d f

SR BB e A o BRES 55 S plSRiyne-s

dId“(SOI}fyr@MBmc|q¢@¢etﬁiﬂabmb¢iylteﬂgd¢end»®pr liﬁbetaleeiit(aﬂwyl FSK), Zonyl
eni ol S uor at e a (0),¢ at e

PG TR A0, Roinelt BRI R et PSRy S Db a1 fle.  The

s échéPﬂ'vﬁll géndraliaid re8enmtdn QR taRicunPbf 16t 0 oot 5 wt%, preferably

al cohol s, ﬁolyox yet hyl ene nonoal kyl et hers,

091 o Rbast ea%ﬁdocrnsthemlgﬁ ghibecppwositieh act ant s, and
al kyl ene gl ycol nonoal kyl 0O ethers. Preferably, the
non-ionic surfactants are acetylenic diols or

et hoxyl at edacetyl enic diols. Anionic surfactants
Q&4 Ul | nThenRBRPD sFIeaHNS %HmP%t'%}se%nlh'si n¥gftiopn can  also

ogf}l‘ﬂa‘l!? RoRBIPOMY 8SrRBonditGdISRHE B r'ikﬁthﬁﬁtedstbl' dMRlPSnhibitors

and nono and di'esters of orthophosphoric
andi @If@llﬁth ngR-caeregive provpoRands emeioyedbiny midieelegirasit ccleaner

t r - o] g TR e
cBtipb 8o, Iné EEmEBLAs (i nciile Baiba Crosbinl i acig. propy
galatenpyrogallolc hydreqainome ddrivativdsabt benzotriazole, and polyfunctional
carboxylic acids such as citric acid, tartaric acid, gluconic acid, saccharic acid,
glyceric acid, oxalic acid, phthalic acid, maleic acid, mandelic acid, malonic acid,

lactic acid, and salicylic acid.

[0015] Organic or inorganic chelating or metal complexing agents are not
required, but offer substantial benefits, such as for example, improved product stability
when incorporated into the aqueous cleaning compositions of this invention.
Examples of suitable chelating or complexing agents include but are not limited to
trans-1,2-cyclohexanediamine tetraacetic acid (CyDTA), ethylenediamine tetraacetic

acid (EDTA), stannates, pyrophosphates, alkylidene-diphosphonic acid derivatives
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di al kyl di met hyl anmoni um sal ts, di al kyl nor phol i num
sal ts, al kyl benzyl di net hyl ammoni um sal ts,
wa@bdoghigsaet hyl ammoni um sal ts, and al kyl pyri di PCT/IDS2004/024153
salts. Preferably, the cationic surfactants are
hal ogen-free surfactants. Exanple of especially
suitabl e surfactants include, but are not limted to
3, 5-di met hyl - 1- hexyn-3-0l (Surfynol-61), ethoxyl ated

&yt oL BPBEOR T PSP ooy | NSRSy | cortaining

efhPhedid@ing, d’r_e‘ﬂhyleﬂdtmérﬁlﬁe%rhﬂ@mylaﬁét’e{ramme functional moieties [e,g.

tyl ph th | d.th ' Th o
QP aBpTe (PrAIGURaG: IRpORRNI D 150 B Stkvigetriamine
pérﬁt@@%&h?l%@@ﬁb‘éph@ni&t 36id)P ket etrabhifld) heké{n@‘ﬂ?&@n@pﬁﬁs%omc

based t he wei ght_ of the conposition. .
agigly eBl?schﬂlaélaa.aﬁgntdwﬁﬁeﬁeﬁeah@ tog CQ'HP%S'WQWEﬁF@G?PL@éﬁf from 0 to
a@é)lﬁQS Pk Brré?éréﬁfly cfr%m 8bout®. Ne6 aBOINPL WeR! Sasebi i e \Uéight of the
but not 1imted corrosion Inhibitors and simlar
cerpposian: d@etabcf@iﬁmgrm IFORPIEXNOAgentsi af vatieysorhaspheraies such as
GRRY T C
e@gfeggﬁ res% %éﬁg@ne lsﬁ@é@%é%@?pr ODMF"} J)Iﬁq much improved
Sﬁapiiiag'@hIOdilthe Mqatnmgqcmmmwlond of theatiéanggy efmpositions of this invention
z I oxyl |
v@gﬂﬁﬁé Sér% %rrrl%n%{:]gv dﬁ%tx z{dﬁ géeorﬂgat gaﬁ{gu%@n%lﬁalﬁ% cgﬁ'ldltlons and
tresacd genaralpqirdierrglyceri c acid, oxalic acid, phthalic
acid, maleic acid, nmandelic acid, mal oni ¢ acid, | actic
acid, and salicylic acid. [0015] Organic or inorganic
[6011€] at i Ngn @he Préfalred @Mblodiniary oh geninSerstion thetclgatimgl dodshosition
but offer substantial benefits uch as for

xanpl e, .
C?%?Wewaéﬁfoaﬂéta@ﬁ‘é’ﬁlqm tWPﬁH'é??P?‘W’ooPBB?%”&dSu Wi‘n‘g 2REnonium

h@ﬂﬂh@b‘ﬁhlt@' A8 AT WERES | tandiNer Prefehted didbraiY BMposition of this
|’ es of suitable chelating or conpl exing agents

|r]Vﬁeq|qJndé:oansg$ ed n6eMpesitiare ft gvater, ammonium ~hypophosphite and
Y drBfkforit a1de Y SETEARI A f@ﬁb@@mb@&nﬁ%‘ﬂ?@fté eihdl cbipESifn of this

.ethy enedi am ne tetraacetic acid TA), stanhnates,
inyepishesmitrises yvater) ammqﬂwmhdpmymtm hgdraflefic acid, glycerol and

) . o p 1

S8 S e S, ESABRSRGRB Rphorus

adi/et plydsphertous anidnamorontum kydigtids eindtwaderi ne f uncti onal
noieties [e, Q.

[0017] The compositions on this invention, their use to clean microelectronic

substrates and their non-metal corroding properties is illustrated by, but not limited

to, the following examples.

[0018] Example 1-5

Ammonium hypophosphite, DI water and 50:1 HF were mixed to give a
solution of 2 weight % ammonium hypophosphite, 98 weight % water and 100 ppm
fluoride ion to provide a cleaning composition of this invention. The pH of the

solution was 4.3. A given quantity of this solution was placed in a beaker and
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et hyl enedi am ne tetra(mnethyl ene phosphonic acid)

(EDTMP), di et hyl enetriam ne penta(net hyl ene phosphonic
w@eood19989 i et hyl enet et ram ne hexa( et hyl ene phpsphswne024153

5 acid). The chelating agent will be present in the

conposition in an amount of fromO to about 5 w %

preferably fromabout 0.1 to about 2 wt % based on the

wei ght of the conposition. Metal chelating or

f t
RN bl G APt SRR YRR e R CpthT LVAHTRYPTEOS tayers
wekDpMckd qﬁftaé lasedy isoRtioN €or ot plestiitat time sftert WRich they were
cl eani n é?ﬁ’ nl'gom tions of the cleanjng conpositions

"AHVEd: rPloWRIFE AN BipWay 8ryc WHBi HERDRN th Ssaraing F@Ctm“

MRBegtaph REERY ils Galddtofthk &idan@d GRitel $draplss and elBuatedr S to the
generaIIy preferred n one preferred enbodi ment

degreer@f asty epmev Qﬂﬁ’eakilné%\lr'mrf@e@br?BH@ﬁ'PPonTB%rfBW@eg‘ Table 1
dé\'ﬁb%traﬁé"i’h@@@ﬁﬂi‘nﬁ@W@Wrb@l?ﬁmnt&rro‘%ﬁ/@%t@e' of tﬁe‘@or{‘?posrtron of

anmoni um s hypophosphite in 98 wt % water. Another
thﬁﬁr'@f/%lrtroed cl eaning conposition of this invention

conpri ses a conposition of water, anmmoni um

hypophosphi te and hydrofl uoric acid. A still further

preferred enbodi nent of a cl ¢ablerlg con‘posrtr on of this

i nviept+on bUIpII Ses—water &g uu||| oS e
hydr oFI‘ amﬂj c ac:ll'ameé lﬁ}'&erc é’rfgsr'h égn perg‘%"areumAn
addi ti oval pref @imedmmynpqgsi ti on conpri sescorrosion A/min
hy ophccphnr bys—0-and/lor r!‘\ncnhnrr\llc aci rl’ ahrphiUm
hydr oxi de, and wat gro [0017] The gQ;rrposHl ons 8 his
inventren, théeir ugsg to clfean m gheel ectrionic .
substrates apd their non-ngetal corroding jproperties |
illlustrdted by, bu2Onot lilmited 180 the flol | owi ng
exanpteg. 5 10018] anptrg—1=5 /—\rlrbromr unT hypopt hte;
DI water and|50:1 were |m xed to give a solution of
2 i ght % ammoni udOhypophosphi t #0098 wei|ght %083t er

and—160—ppm

[0019] Examples 6-10

The solution employed in Examples 1-5 was also employed in the following
Examples 6-10. The wafer employed in Examples 6-10 were wafers of the type
employed in Examples 1-5 with vias patterned through the PTEOS stopping on top
of the underlying TiN layer. The cleaning solution was the same as that of
Examples 1-5. The wafers were placed in the heated (45° C) solution for a
prescribed time after which they were removed, rinsed in DI water and blown dry
with nitrogen. A Scanning Electron Micrograph (SEM) was taken of the cleaned
wafer samples and evaluated as to the degree of ash removal and aluminum metal
corrosion. The results are reported in Table 2 showing the increasing aggressive
nature of the compositions of this invention when employed for longer cleaning

periods.



fluoride ion to provide a cleaning conposition of this

invention. The p of the 0 solution was 4.3. A given
w@Easnidy of this solution was placed in a beake@r/Uus2004/024153

andbrought to 45 C. Patterned silicon wafer sanples

having Ti NN Al / Ti N PTECS | ayers were placed in the

heat ed solution for a prescribed tine after which they

were renmoved, rinsed in D water and blown dry with

nitrogen. A Scanni ng El ectrog M g;ogr aph (SEM was

taken of the cleaned wafer s ﬂlb' and evaluated as to
thei@@hﬁﬁe” apiméizRYal | anglash WhowEd Met 3k Aluminum

corfosion. The r.esul ts in| Table 1 denonst{rate the
cl eqni MNP-ang r ellB€ @My npn- corrosi ve naf ur €HPSIORe
conposi grom [of thixgTNventTon. Tgble I Exanmpl e

| mmersi on %|Ash renoved Al uni num No. Tinme (nin)
corfosi@n A/lmin 12150 100| 1058 24Q.5 100(- 3 2.00 100 ¢

4 2 L 4NN 1A04 12 N 14NN NN T NAN1A1 - I o _an Tl
I T LIYU  1UO0OHF O . 1LUULUOSO TU I] CAATPT ©5 - LU T1TE

sol ution enpl oyed™Inh Exanples 1-5 was al $0 enployed in
t he|{f ol Bow ng Exams es 6-10. Thedtvaf er enpl oyeddi n
Exa ptes—6-10—were wafersr-of—the—type—enployed_in

Ie@l“ V\nthdﬁﬂas paternedophroughthe (03]
Stoppl ng on top of the underlfyirng TiN lTayer. The
cl eaning solution was the sane as that of Exanples
1-5. The wafers were placed in the heated (45 )
pytion for a prescri [4er which they were
dﬁ%nxved rinsed in D \;\‘g%éﬁr Ig?aqt?lzgwn dry with
ni t rB@ttaﬂned\ vefarsniohghel same dypeviasr ggmphqynd(ISEEp(amab 1-5 were

eh?)i%%d |§1 EQQ‘nBI'e@a{LFdand 12. The cleaning solution employed was that

employed in Examples 1-5 but with the addition of glycerol thereto in an amount that

the glycerol constituted approximately 10 weight % of the composition. The solution
still had a pH of 4.3. The wafers were placed in the heated (45° C) solution for a
prescribed time after which they were removed, rinsed in DI water and blown dry
with nitrogen. A Scanning Electron Micrograph (SEM) was taken of the cleaned
wafer samples and evaluated as to the degree of ash removal and aluminum metal
corrosion. The results are reported in Table 3 and show a further approximately

10% reduction in aluminum corrosion.

Table 3
Example Immersion % Ash removed Aluminum
No. Time (min) corrosion A/min
11 25 100 952
12 3.0 100 903

- 10 -
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waf er sanpl es and evaluated as to the degree of ash
renmoval and al umi num netal corrosion. The results are

WO e@oni®ad i n Tabl e 2 showi ng the increasi ng agetEES100€024153
nature of the conpositions of this invention when
enpl oyed for |onger cleaning periods. Table 2 Exanple
I mrer si on % Ash renoved % Al umi num No. Tine (mn)
corrosion6203072540083.050093.59020

40 100 80 [0020] Ex e -12 Patterned wafers of
[062151 sanme type as enpl ogé i?gg le 1-5 were enpl oyed

in Eyaer @ﬁthlihaélrts# thé. sdfie tgp& i BapfYkHtinOBXx&AAPIEOsad were

was that enployed in Exanples 1-5 but with the
ermpRlayed dh %@”@ﬂ'%éﬁoﬁ“‘i’ h1é‘r et®'s RlegRingnRlHton |eaipleyed was that
erBhSG&] M E%ﬂﬁkhwt% APPrP%! N%F‘é Wei’é?bl%éd ?{9 m‘e ﬁélﬁed (45° C
conposition. The solution still had
sojigoarfer aprescibed tiaeiaiter w@lqhéaesewe(men@vegonmﬁeiddn chwatgr and
[
IR SRR B SRy EectoRMERIE P PAY ek, SR8 of the
cl&nedt maferMsamplgs agid (eSEIuptaﬂagst tak &re degtehae of | m\ne@moval and
| uat S re
e RS BT B RS BT ebBrbs T TR rE e o5 afurtner
SIgr&f}ianit eeductior ai latundinamdcstosionaevienr athtbe emmcte)dl a:manahg' periods
10%reduction in alum numcarra

wh SSYURP %ltghlsraemgv%aggﬂeaﬂ]v%ﬁ%aner asahade been mdrrc,%ted by the

previous results in Table 2.

Table 4
Example Immersion % Ash removed % Aluminum
No. Time (min) corrosion
13 3.5 100 20
14 4.0 100 20
[0022] Examples 15-16

In Example 15 the wafer employed was the same as the wafer described in
Example 1-5 and in Example 16 the wafer with vias employed was the same as the
wafer described in Example 6-10. The cleaning composition employed was that of
the type described in the previous Examples but with the addition of hydrogen
peroxide. The cleaning solution comprised 1.8 weight % ammonium hypophosphite,
88.4 weight % water, 8.8 weight 5 glycerol, 0.6 weight % hydrogen peroxide and
slightly less than 100 ppm fluoride ion and had a pH of 4.3. The wafers were placed
in the heated (45° C) solution for a prescribed time after which they were removed,
rinsed in DI water and blown dry with nitrogen. A Scanning Electron Micrograph
(SEM) was taken of the cleaned wafer samples and evaluated as to the degree of

- 11 -
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No. Time (mn) corrosion A/mn 11 2.5 100 952 12 3.0
100 903[ 0021] Exanple 13-14 Wafers with vias of the

wGe 2008/0199p as enpl oyed in Exanple 6-10 were enpdDysmod/24153
Exanpl es 13 and 14. The cl eaning sol uti on enpl oyed was
that enployed in Exanples and 12. The wafers were
pl aced in the heated (45 C) solution for a prescribed
time after which they were renoved, rinsed in D water

nd bl o ry with nitrogen, A_Scanning El ectrop :
ol ool ond plep sl divsir (106 TePURE abiad In Teble 5 and
sk R f@sher g rincahtiddastictSin lafurbiRemdReosRNGbr BStR tyRIWY dlafers
and al um num nmetal corrosion. The results are reported
in Table 4 and show a further significant reduction in
al um num corrosi on even at tfgpRXg ended cl eani ng
eri ods when the conposition is a nore aggressive

| dxaeInle as naersedn (i hddhaeawvey |t MAIUpYIRWM ous % AkigTinwn
n Tahl e 2| + 4. Bxanpl e | mrer gi op,, % rie 9
g ﬁ?ﬂr@"@m n) corrosion 13%«%0 2818%{&8340/%

| um’ num
00 20 [00R2] Exanpl ds 15-16 n Exanpl &mie waf er
L

+ o oo ac +bha \aenf o x| v o Lo

o L IC-SAll adaS ULl war 1 utS OCTU 1717
xanple 1-5 anéL?n Exanpleﬁq% t he vvafe?4 ith|vias ~
npl oyged was tig0sang as t i@ waf er] described |in 0
xample6-10—The cl eani-ng—conposition—enployed-was
that of the type described in the previous Exanpl es
but with the addition of hydrogen peroxide. The
cl eani ng solution conprised_.8 weight % amoni um

[9823bphosphi t e, Example 17
A composition of this invention was prepared having the following
composition: 100 g DI water, 25.09 1.0% hydrofluoric acid, 4.27g 24.96 %

tetramethylammonium hydroxide solution in water, 20.0g glycerol, 2.0g sodium

MDD =T~ 0"

m_D

hypophosphite monohydrate (from Alfa Aesar) and 0.08 weight 5 Triton X-100
surfactant. The composition had a pH of approximately 6.0 at room temperature. A
wafer sample having PTEOS/TiN/AI-0.5%Cu layers with via patterned through the
PTEOS stopping on top of the underlying TiN layer was plasma ashed to remove
bulk photoresist after the via etching. The wafer was treated for 20 minutes at 25° C
in the cleaning solution. SEM cross-sectional inspection of 0.18 micron wide vias
with a 5:1 aspect (height:width) ratio showed the vias were completely clean and

contained no residue.

[0024] Example 18

A cleaning composition of this invention was prepared having the following
composition: 100.00g DI water, 25.54g 1% hydrofluoric acid solution in water, 5.96¢g
25.08% tetramethylammonium hydroxide solution in water, 60.00g glycerol, and
2.00g ammonium hypophosphite (97% from Fluka). The composition had a pH of

8.36 at 25° C. Patterned metal-line wafer samples with 1 micron wide features with

- 12 -
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88.4 weight %water, 8.8 weight 5 glycerol, 0.6 weight
% hydrogen peroxide and slightly |less than 100 ppm

wo baseniwss i on and had a p of 4.3. The waf ers VWBCEUS2004/024153
placed in the heated (45 C) solution for a prescribed
time after which they were renoved, rinsed in D water
and blown dry with nitrogen. A Scanning El ectron
M crograph (SEM was taken of the cl eaned wafer

TROE R RN Rkt Fhicts ek nb e cHiiet i ferpaid Blik ghooresist

after posthbetching. Térlhé evaberamab tsdaied i marctdmrngsc@mdsltmrfbr 2 minutes
r ti Jnaumnum i on, for bot
al 4t s S ScteR Shget AP SPO S forRi e i Fecetervable metal

cakragignmaum % Al um num No. Time (mn) corrosion corrosion
Almn 15 1.5 100 840 - 16 3.0 100 - 0 [0023] Exanple

17 A conposition of this invention was prepared having

[ool2s; f ol | owi ng conposi t ifxAMpleP1g-20 water, 25.0gy 1.0%
hydrofl uoric acid, 4.279 24.96 %o tetramet hyl ammoni um

hy dr&&ariag semposigens af tkg ventizn. \wgreqpropaiied| by Mixmg ammonium

h%ﬁ%g%%% tangogpma&& 5?)?’8‘%”‘% a% %oﬁfhbﬁ“&o‘?‘hﬁrﬁ’su &) a@Rbnium

rrton act ant osition )
hwhasmwlt@f appr owatent el yPetternad rgilicant emysderat samples havmg

THFAPRATEBE Aok SERE I e RS shasfe 48, pgan

cmmmmﬂiqn fog 15i mllriutgseaftemalshlm anaryewa'ehemotved rra!medenlebMditter and

blgyvﬁcf dﬂhsrﬁitr %érfnr gh{aeéea&%d snﬁe ESB f r e@?fcbr ash residue

remﬂ\ﬁat (0n.ncSkdvhovad 8- ic 100N rerhovde ahd (mumfnuﬁq 8rrosion (0=no

cron vias with as hei ht wi d
TR %m%fge%vwecqnosﬂesfsecp&ﬁ%@@gfw Bl PaRhosprite, the pH
of the solutions, the temperature of the heated solution in which the wafer were

placed and the aluminum corrosion and ash removal results are set forth in Table 6.

Table 6
Example | % Ammonium | pH | Temp Aluminum | Ash residue
No. hypophosphite °C corrosion removal
19 1.6 3 45 0 10
20 3.2 3 25 1 10
21 24 4 35 0 10
[0026] Examples 22-27

Cleaning compositions of this invention were prepared by mixing
hypophosphorous and phosphorous acid, ammonium hydroxide, and DI water.
Patterned silicon wafer samples having TiN/AI/TIN/PTEOS layers were placed in

solutions of the cleaning composition heated to 45° C for 15 minutes after which

- 13 -
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contai ned no residue. 0 [0024] Exanple 18 A cleaning
conposition of this invention was prepared having the

wo o509y conposi tion: 100.00g DI water, 25.58Qr/19004/024153
hydrofluoric acid solution in water, 5.96g 25.08%
t et ramet hyl ammoni um hydr oxi de sol ution in water,
60. 0Qg gl ycerol, and 2. 00Qg anmoni um hypophosphite (97%
from Fl uka). The corrpositi on had a pH of 5 8.36 at 25

Pat t er ned tal -l
thgy e GaPaye HIseR 0 R AYStS oo, M glraRetr o e plganed
wﬁﬂe?éSW@reaﬂ*éﬂdeﬁaqhdt@dfw&aéwiééldﬂb%ﬁfoeéﬂ ®t & t@ﬁo@tt@HO— 100%
etching. The wafer was treated in the cleaning

e@lﬂ%‘ﬁasﬁ"ﬁ BT CORORIPND=RP %OQO“SIEMQT?%%T& FeyFpsion).  The

pSrBeNEst <3dn %%éﬁﬁﬂedﬂw% #6?’}11%' detHhs n&@%@:mmuﬁ] B&+&ion and
corrosi on. I es -21 d eani ng

asibﬁeﬁmtreénlés@psmwg '“ﬂ' ket 7. on vvere prepared by ni xing

amoni um hypophosphite and DI water to provide a

sol ution conprising just af%gp@i,um hypophosphi te and

water. Patterned silicon water sanples having o

FExdmple Ti N/ PT%OS | aylers %ere pl abed | pH heAlheanwd Ash

sol.pt i on | elani npQsi kpn for l.nutles _.
af 0% whi Pﬁ%iep e b BhasRilEn RHBLEL | o ool obsioue
bl own drly with nltrogen The ¢l eaned| waf grs wer e themoval
evalpatedfor—ashresidue—r-erpval-(OF-Rotrerpyal—He
10 210000 rem)vgl) and al Jm nufm cHRr osf”é;q (O:nj) 10
corgpsiqn to {§=severe corrosfong.e Thg.4per cend 10
ammoni ud hypophosphite the pis of the solutions, lthe
terdfer atjure of5the heat e sol itida i h4ilch tRe waf er10
piaced agg the @t umiymumn ¢oTg oSt PR 73
results|are set forth in Table 6. Table 6 Exanple |%

Ammzfhi um pH T&0rp Al um nu Ashl r eab6due4.54 1 10
27 30 6 25 4.48 2 10
[0027] | Examples 28-34

Cleaning compositions of this invention were prepared by mixing only
phosphorous acid, ammonium hydroxide, and DI water. Patterned silicon wafer

samples having TiN/AI/TIN/PTEOS layers were placed in solutions of the cleaning

" composition heated to 45° C for 15 minutes after which they were removed, rinsed in

DI water and blown dry with nitrogen. The cleaned wafers were then evaluated for
ash residue removal (0= no removal to 10= 100% removal) and aluminum corrosion
(0=no corrosion to 10=severe corrosion). The percent phosphorous acid, the pH of
the solutions, and the aluminum corrosion and ash removal results are shown in
Table 8.

- 14 -
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15

No. hypophosphite C corrosion renoval 19 1.6 3 45 0 10

20 3.2 3251 10 21 2.4 4 35 0 10 0 [0026] Exanples
WQ@2002/61998®ani ng conpositions of this inventi onPEEULS2004/024153

prepared by m xi ng hypophosphorous and phosphorous

aci d, ammoni um hydroxi de, and D water. Patterned

silicon wafer sanples having Ti NN Al/Ti N PTECS | ayers

were placed in 5 solutions of the cleaning conposition

heated to 45 C for 15 mnutes after whichthey were

renoved, rinsed in D water 'i}fﬂeﬂl own dry wth

ni g e | The ceaned] walegrs Y [t D@miaYA Yahs rdsidue

ash residye renpval (D= no repoval|l to 10= 1Q0%

r emo.)  anehesPhaioNsn Y bn ( 4=rf®"@8©Posi ofemgval

10=severe Cent

the_p of t

corrgs§ion) .
he sol ution

he al

of each ph
um _num cor

osphite,
rosion and

5 lash28 ent

yval résults

.3 n

Tablée 7.

Tabl 407

r
00 9%5PH-AHaY
NH OH'corrosi o
23 1522 0. 6| 4.

6

247509

hypophospt
renoval 22 15 170.3
15 @ 2.3 4.4710 10

EA 1 10 27 20 6.2 B

» ST - T e 1 I\ e J
10

10

10

10

¥ A"h A itc

B ool BB E
2 13324
2 D6
4.5
6.0
34

6.0

Exarpte—%
hosp?\?te
.50 3010
5.30 1 0

ag 3710
32

33
34

AN BT

N
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o
N
\'

N o] o] =h

»
B
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[0028] Examples 35-40

Cleaning compositions of this invention were prepared by mixing
phosphorous acid (final concentration 2%), DI water, and select strong bases to
achieve approximately pH=4.5. These bases were: tetramethylammonium
hydroxide (TMAH), tetraethylammonium hydroxide (TEAH), tetrapropylammonium
hydroxide (TPAH), tetrabutylammonium hydroxide (TBAH), cetyltrimethylammonium
hydroxide (CTMAH), and tetraethanolammonium hydroxide (TEtOHAH). Patterned
silicon wafer samples having TiN/AI/TiIN/PTEOS layers were placed in solutions of
the cleaning composition heated to 45° C for 15 minutes after which they were
removed, rinsed in DI water and blown dry with nitrogen. The cleaned wafers were
then evaluated for ash residue removal (0= no removal to 10= 100% removal) and
aluminum corrosion (0=no corrosion to 10=severe corrosion). The above
abbreviation for the base, the pH of the solutions, and the aluminum corrosion and

ash removal results are shown in Table 9.

- 15 -
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o [0027] Exanpl es 28-34 O eaning conpositions of this
i nvention were prepared by m xing only phosphorous

w@eood/o1@smoni um hydr oxi de,

and D water.

Pat t eP@IBUS2004/024153

silicon wafer sanples having Ti N Al/ Ti N PTECS | ayers
were placed in solutions of the cleaning conposition

heated to 45 C for

15 mnutes after which they were

renmoved, rinsed in s DI water and blown dry with

ni trogen. The cl eaned wafers_were then evaluated for
ash residue renoval (0= no rEARI®A to 10= 100%

r emp\BlampdiNoall UBLrONGBESE ' PSP ( UAfGhiS@h " DA TebRue
10=severe corrgsion). The percent phosphorous acid,
the| pH of the sol utions, ahd the|alomPHM ¢or FeHIVEN
and[ash moval T s ar f T dabi e[ 8 Ofgbte 8
Exappl e §/o§% PH| Al S;Mr%—rﬁ] Ash residue No. ph sohol%us H
OH corro86on renovdEARtid 845 0/1 1.3 6 10 29 100.5
5. 60163020434 41631 2094511632214
6.0{0 10333 6 2.7 3PA 10/ 34% 4 3 6%0 2 10 [0828]
Exappl es385-40|5 CreaM ng codmosiitiong of this 8

i nvention were L m-xi-ng—phosphorous—aci-d—
(fi pal cé%centrati%ﬂv'é%, D At ér, afd select $trong
bases T040 TEtOHAH 5.0 0 7
[0029] Examples 41-44

Cleaning compositions of this invention were prepared by mixing
phosphorous acid, ammonium hydroxide, with and without catechol, and DI water.
Patterned silicon wafer samples having TiN/AI/TIN/PTEOS layers were placed in

solutions of the cleaning composition heated to 35° C for 10 minutes after which they

were removed, rinsed in DI water and blown dry with nitrogen.

were then evaluated for ash residue removal (0= no removal to 10= 100% removal) and
aluminum corrosion (0=no corrosion to 10= severe corrosion).
phosphorous acid, ammonium hydroxide, and catechol, the pH of the solutions, and the
aluminum corrosion and ash removal results are shown in Table 9 showing the

additional beneficial results obtained by the use of a corrosion inhibiting Compound,

such as catechol, in the compositions of this invention.

The cleaned wafers

Table 10
Example % % % pH | Aluminum | Ash residue
No. phosphite | NH4OH | catechol corrosion removal
41 25 0.7 0 3.2 1 10
42 25 0.7 3 3.2 0 10
43 25 0.3 0 2.2 3 10
44 25 0.3 3 2.1 1 10

- 16 -
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achi eve approxi mately pH=4.5. These bases were:
t et ranet hyl ammoni um hydr oxi de ( TMAH),
W0 edos@etoBby | anmoni um hydr oxi de ( TEAH), PCT/US2004/024153
t et rapr opyl ammoni um hydr oxi de ( TPAH),
t et rabut yl ammoni um hydr oxi de ( TBAH),
cetyl trinmet hyl ammoni um o hydr oxi de (CTMAH), and
t et raet hanol anmoni um hydr oxi de (TEt OHAH). Patterned

(ofaPL o1 o BaE! o dEVRTPB HEoReRm o bl Meee e B T eDRe to the
sd’&ﬁk@nﬁ&nﬂ@n@ tfw@rreoﬂ-ﬁt Wilinel gspratibfid that 6||ihr{glé€)/m‘b€lfleatlon and

renoved, rinsed wat er and bl own dry

vaﬂatl%‘géaﬂ bgHeadyg wa*a@a dRRpENg fiam dhe pRIF %NFbP‘EPéiee‘?f thg inventive
cd’%& f&‘§§l9§@d ﬁér@?] akcé&mngg ft‘?‘éTP\YéHdeHQOJé?nbréQQa/‘Pl such changes
al um num €orrosion (0=no corrosion
5 mmdlﬂg@tmwdc\caruab@nsm)at favmethatb@wrlhmﬁ esapgtaf dre amertdf?é claims.
base, the pH of the solutions, and the al um num
corrosion and ash renoval results are shown in Table
9. Table 9 Exanple No. Strong Base PH Al um num Ash
resi due corrosion renoval 35 TMAH 4.5 0 10 36 TEAH 4.5
110 37 TPAH4.5 0 9 3 TBAH 4.6 0 8 39 CTMAH 4.5 0 8
40 TEtOHAH 5.0 0 7 [0029] Exanples 41-44 C eaning
conpositions of this invention were prepared by m xi ng
phosphor ous aci d, amoni um hydroxi de, with and w t hout
catechol, and D water. Patterned silicon wafer
sanpl es having Ti N Al /Ti N PTECS | ayers were placed in
sol utions of the cleaning conposition heated to 35 C
for 10 m nutes after which they
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were renoved, rinsed in D water and blown dry with

nitrogen. The cl eaned wafers were then eval uated for
wasdvsnewddue renmoval (0= no renoval to 10= 100P€T/US2004/024153

renoval ) and al um num corrosion (0=no corrosion to 10=

severe corrosion). The percent phosphorous acid,

anmoni um hydr oxi de, and catechol, the pH of the

solutions, and the al um num corrosion and ash renoval
V\{?eﬁu.l ts are shown in Table 9 show ng the additi onal

e7@Mci al results obtained by the use of a corrosion

i nhi biting conpound, such as catechol, in the

conmpositions of this invention. Table 10 Exanple % % %, .
TpH A RAHBPHSASPMPRIQIy for Wa%%P%'ECtm'ngaé%SPmP”S'”g

Cor rAg QR ®Avorfehts?. 5 0.7 0 3.2 1 10 42 2.5 0.7 3

3.2 010 432.50.302.23 1044 2.50.332.11

10[ 003() WAN e the invention has been described herein

withr gf)%'i RASColLoft Qﬁhngc{?ﬁg'h%hﬁ q‘ﬁ%ﬂé&’?‘?%ﬁoﬁi%ﬁ&% anb

wi |l be appreciated t nges, i cation and,
vari at (cmaéIe@amrtﬁeofdwoepmaphii@?Hzfé%zé)raridr@osmm {HRO;5™) ions.
spirit and scope of the inventive concept disclosed
herein. Accordingly, it is intended to enbrace all

2suchArc hguems, camebsitionaddcorditb vlainn dt coomwrisingawatealahd at least

with the spirit _and scope.of the appended cl.ai ns. W

o1 i ore S bt NBoRERRTR et A RN AR Rs R

m croel ectroni c substrates conprising the foll ow ng
conmppnents: (a) water, .(b t least one of .a ni.um
3gmd B Eusins SarRhn o bl aogfiERbiy et BILeRHE s
hypophosphite (H2ZPQ2 ) and phosphite (HPG32 ions. 2.

An aqueous conposition accordi nq to claiml1 comarj Si np i
4wat AN 3AYEQUS qampgsition according to claim 2 additionally comprising fluoride

ions.

5. An aqueous composition according to claim 2 additionally comprising

hydrogen fluoride.

6. An aqueous composition according to claim 1 additionally comprising at least
one further component selected from the group consisting of an organic

solvent and an oxidizing agent.

7. An aqueous composition according to claim 3 additionally comprising at least
one further component selected from the group consisting of an organic

solvent and an oxidizing agent.
8. An aqueous composition according to claim 5 additionally comprising at least

one further component seiected from the group consisting of an organic

solvent and an oxidizing agent
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one of amoni um hypophosphite and ammoni um phosphite.
3. An aqueous conposition of claim1l1 additionally

w@opni®sng fluoride ions. 4. An aqueous CONMPOBCT/USIV04/024153

according to claim2 additionally conprising fluoride
ions. 5. An aqueous conposition according to claim?2
additionally conprising hydrogen fluoride. 6. An
aqueous conposition according to claim1 additionally
conprising at | east one further conponent selected
fromthe group consisting of an organic solvent and an

9.0Xi dslnzacﬁlﬁéoﬁg%ﬁnpo&noﬁ\@ca&*dﬁ@% GARPO SHek AR tiRE B6RJaAIEbIvent is
to claim3 additionally conprising at | east one

f ur SRECctaoPBNERE IroEP LANERlnG Galeerdr SupyTelHReNG | hgpethyl-2-
of N BidlReHE SOhVaRI- 225 éﬁBlngﬁéd' Zlﬁﬁ]oggﬁ@b rr§||d|rﬁfﬁ1e 1-

agueous conposition according to clai add tionally
conpyiexyetht2-pwaclidinone, f ar tdiakylc camffonent digettet t sdifoxide,  a
fro [ o) S

oxi JIﬁd%tRBﬁh%@%1sc}ééﬁucgedu@m%ﬂ#gé Hgﬁ %Cd\é g%etﬁgﬂ)rﬁgmlde
cl alamd&hakm«cﬁzmg tdgenbisgaelected drone rthe igsoue kensistohgf efolydrogen

th heSLI I

1 B BrHE, PRl BorRh e, s SR hoctt iR

1- propyl - 2- pyrrol i di none, 1- _

(Eydrorhxy%tug %’8398"?1%%%2‘}3%%8?“?%%%%@%&8 e composition
- di %hﬁtmsesibamtdwérgsmbaﬁwdm archribx@ikingldgentran de and

the oxidizing agent is selected fromthe group

consi sting of hydrogen peroxide, persulfates,

1per W§M@h§%orﬂmemaﬁlaﬁedramg tHYXRAA ook hd e thd @rgaiic solvent is
aqueous conposition according to claim9 wherein the

conmsbsete! GRd dempridiziag agephis AYdwogaRREOXdS vent and an
oxi di zi ng agent. . An aqueous conposition according to
clai m 10 wherein the organic solvent is

12.  An aqueous composition according to claim 8 wherein the organic solvent

comprises glycerol.

13.  An aqueous composition according to claim 8 wherein the oxidizing agent

comprises hydrogen peroxide.
14.  An aqueous composition according to claim 1 additionally comprising at least
one further component selected from the group consisting of surfactants and

corrosion inhibitors.

15.  An aqueous composition according to claim 14 wherein the corrosion inhibitor

comprises catechol.

16.  An aqueous composition according to claim 3 additionally comprising at least

one further component selected from the group consisting of surfactants and
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gl ycerol and the oxidizing agent is hydrogen peroxide.
12. An aqueous conposition according to claim38

wobse19934 he organi ¢ sol vent conprises gl ycer obCT/LIS2004024153

aqueous conposition according to claim8 wherein the
oxi di zi ng agent conprises hydrogen peroxide. 14. An
aqueous conposition according to claim1 additionally
conprising at | east one further conponent sel ected
fromthe group, consisting of surfactants and corrosion
i nhi%frpﬁPg.'”%ﬂtgtorﬁn aqueous conposition according to
claim 14 wherein the corrosion inhibitor conprises
catechol. 16. An aqueous conposition accordi nq to .

121 ai A PAEAYS iCOMMORIOR AARSPIdEINEP &taim ebs @dditiendllyy ¢afaprising at
CoNMENRNbné ehiHerd chmpondiie sBieidn GRS Hlel Mo consisting of
surfactants andcorrosion inhibitors. 17. Al aqueous
conpyshetants, aercesien ingibitersang metabieproplenag lagestsnpr i si ng
at | east one further conponent selected fromthe group
consi sting of surfactants, corrosion inhibitors and

18ret aAn squrrlusx¢amgpasifiont accokidng finclamu €ocempriaim fom about 1.8 to

accaordi 0 ai i S .0m . 1.8 .
oA by Bk hBR AR bSkEsATED ARRlhih o, or o
phosypimbiretioor ofabatbmand adlbionh 88f tobabdyt 88 avidbewater89ased on the
about &%0 % wat er .based on the wei ght of the

[

conﬂﬁesl; € ‘icﬁr.'p%ri]t'ogqueous conmposition according to
claim 18 additionally conprising about 100 ppm

luoride ions. 20.. An aqueous conposjtion according. to
191 AR FSSRE CONBIEITOY LLRINGCIor PR T erghordly Compiing about
aquepppiP fibdideibAg according to claim 20 additionally
conpri si ng

20. An aqueous composition according to claim 19 additionally comprising

glycerol.

21. An aqueous composition according to claim 20 additionally comprising

hydrogen peroxide.

22.  An aqueous composition according to claim 21 wherein the glycerol is present
in the composition in an amount of about 10 wt% of the composition and the
hydrogen peroxide is present in the composition in an amount of about 0.6
wt% of the composition.

23. An aqueous composition according to claim 1 wherein the composition

comprises hypophosphorus and phosphorous acid and ammonium hydroxide.

24.  An aqueous composition according to claim 1 comprising phosphorous acid

and ammonium hydroxide.
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hydr ogen peroxi de. 22. An aqueous conposition
according to claim?21 wherein the glycerol is present

WO mooshespnposi tion in an anmount of about 10 w&/US200he24153
conposition and the hydrogen peroxide is present in
the conposition in an amount of about 0.6 wt % of the
conposition. 23. An aqueous conposition according to
claim1 wherein the conposition conprises
hypophosphorus and phosphorous acid and amoni um
hydroxi de. 24. An aqueous conposition according to

2% aign Jag@@émsf b§m563|ﬁm%5@rﬁﬁigstoa@laﬂnWaamﬂélwﬁtompnsmg at
hydr oxi de. 25. An aqueous conposition accordin

cl a.lﬂa%@nadwqrmmnoyeefoﬁ%qt%d frgmdbe gLt C%ﬁ@?ﬂ@ Pt pgfactants
COMpaERrroSehsHistbrEr om t he group consi sting of

surfactants and corrosion inhibitors. 5 26. An aqueous
conmposition according to claim25 wherein the

2607 rﬂ%é@ibdu@@omg‘ogﬁioﬁ %%P&rhﬁmgﬁo %%ﬁrﬁ%%her@% théVeoRBHER hibitor
conposition according to cldim1 wherein
conpmsifrises catecholpr i ses quat ernary ammoni um i ons. 28.
An aqueous conposition according to claim 27 wherein
the conposition conprises tetraal kyl anmoni umions. s

229. A ameewscouqmsnisht acoording oodtlagn t  whexeim fhe composition
conpr|3|ng?§hos rous aci d.and a conmpound sel ected

f r orfiAHREISEP gUte PEYRQIIBONSat 1 amet hyl ammonui m

hydr oxi de, tetraethyl amoni um hydr oxi de

etrapro Iammnlumh dr oxi rab nmmpn
2hy o A RSO B AP HEN HAHCLTAHE (0 ARG RS ilp compositon
t et r@ptgiaes karamidmmbidmashsle. O

29. An aqueous composition according to claim 1 comprising phosphorous acid
and a compound selected from the group consisting of tetramethylammonuim
hydroxide, tetraethylammonium hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide, cetyltrimethylammonium hydroxide, and

tetraethanolammonium hydroxide.

30. A process for cleaning a microelectronic substrate without producing any
substantial metal corrosion, the substrate containing photoresist polymeric
material and/or residues and a metal, the process comprising contacting the
substrate with a cleaning composition for a time sufficient to clean the
substrate, wherein the cleaning composition comprises:

(a) water,
(b) at last one of ammonium and quaternary ammonium ions, and

(c) at least one of hypophosphite (HPO’) and/or phosphite (HPO3?) ions.

31. A method according to claim 30 wherein the cleaning composition comprises
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30. A process for cleaning a mcroelectronic substrate

W t hout produci ng any substantial netal corrosion, the
weupshI®se cont ai ni ng phot oresi st pol ynmeri ¢ naper/usi004/024153

and/ or residues and a netal, the process conprising

contacting the substrate with a cl eaning conposition

for atime sufficient to clean the 5 substrate,

wherei n the cl eaning conposition conprises: (a) water,

(b) at | ast, one of, anmonjum and. quat er nar NonNi, Um .

| onavate FRIC R JeaFle 58 BherBORYRL THBSPRTSPEIE P gmmonium
and/ghosphigsphite (HPO 2 ) ions. 0 31. A nethod

according to claim30 wherein the cl eaning conposition
conpri seswater and at | east one of anmoni um

39y POPRRIIY AR opdIfy AERR| STWRBRHAPIHE Geantty cAinpBifiifadditionally

according to claim 30 wherein the cleaning conposition
addioompiigps {lugideoaps.i ses fluoride ions. 33. A nethod
according to claim 31 wherein the cleaning conmposition
additionally conprises fluoride ions. o 34. A nethod
33cc ok diethpd accordingricBdaiwh@t wihareim thegdlerningeoropesiiasi addionally

addi t | ises hydrogen fluoride. 35. A nethod
accoctro [ n%b%ﬁuérfdﬁé}hgo wherei n the cleaning conposition

additionally conprises at |east one further conponent

522 BRI B SHR SRR 18 ol b
t 0 clomipnsé? hwdivegen fludde. cl eani ng conposi ti on

additionally conprises at |east one further conponent
sel ected fromthe group consisting of an organic

350l vx%twa@ﬁrmﬁtﬁ dhind3@9@etein thedlearfindiBdmpésition additionally
according to 34 erein the cleanlng conposi tion o
addi QOMRiRe$ ypt least one further component selected from the group consisting

of an organic solvent and an oxidizing agent.

36. A method according to claim 32 wherein the cleaning composition additionally
comprises at least one further component selected from the group consisting

of an organic solvent and an oxidizing agent.

37. A method according to 34 wherein the cleaning composition additionally
comprises at least one further component selected from the group consisting

of an organic solvent and an oxidizing agent

38. A method according to claim 37 wherein the organic solvent is selected from
the group consisting of glycerol, 2-pyrrolidinone, 1-methyl-2-pyrrolidinone, 1-
ethyl-2-pyrrolidinone, 1-propyl-2-pyrrolidinone, 1-hydroxyethyl-2-pyrrolidinone,
a dialkyl sulfone, dimethyl sulfoxide, a tetrahydrothiophene-1,1-dioxide,
dimethylacetamide and dimethylformamide and the oxidizing agent is

selected from the group consisting of hydrogen peroxide, persulfates,
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conprises at |east one further conponent selected from

the group consisting of an organic solvent and an
wozxiodioriosy agent 5 38. A nethod accordi ng to cb@i/nsB§4/024153

wherein the organic solvent is selected fromthe group

consi sting of glycerol, 2-pyrrolidinone,

i -met hyl -2-pyrrolidinone, 1- ethyl-2-pyrrolidinone,

1- propyl - 2- pyrrolidi none,

1- hy X i NQ di al kyl sul f one,

di w&effé}loggh?%gxhy@@¥“|ﬁ%§eg 5'3%’%% ophene-1 |,

- di oxi de, di nethyl acetam de and di met hyl f or mam de and
gﬁgﬁo ﬁq L 2] gc?cqr@entgbgﬁ %@%g\&ﬁ%tg%dthferc%m[}ogﬁlog orernses both an

per Yigdrd SSvaRIapamadiang afymosul fites,
hypochlorites. 39. A net hod according to claim 38

wherein the conposition conprises both an organic

460! Ve Rletifdt addbr@ixg % 249 fPGREreir tH orgAnRESoMRAt is glycerol and

according to claim 39 wherein the organic sol vent

gl ydee exidizing agest sxXlvdragendesyddn. i s hydrogen per OXI de

41. A nethod according to claim 37 wherein the organic

sol vent conprises o glycerol. 42. A method according

4t.0 A aneth@d adcerding to hataiokiddi whengiradfentorganipriotuest comprises

hydr %polperom de. s 43. A nethod according to claim
ereln the cl eaning conposition additionally

conprl ses at | east one further conponent sel ected from

onsi s of .sur, ant s rros on
oni/bePe “H5ording do raeRhiazo HHERIT (B NS oL camprises
thelq@ﬁ@@wpubmdmlbltor conprises 0 catechol. 45. A
met hod according to claim32 wherein the cl eaning
conposition additionally conprises at |east one

43 ur LA HetkoBudRdihg &LLISIHT SOl wherdin tHeeclSHrmtPcopSditdn Adtitionally
comprises at least one further component selected from the group consisting

of surfactants and corrosion inhibitors.

44, A method according to claim 43 wherein the corrosion inhibitor comprises
catechol.

45. A method according to claim 32 wherein the cleaning composition additionally
comprises at least one further component selected from the group consisting
of surfactants and corrosion inhibitors.

46. A method according to 40 wherein the cleaning composition additionally
comprises at least one further component selected from the group consisting

of surfactants, corrosion inhibitors and metal complexing agents.

47. A method according to claim 31 wherein the cl'eaning composition comprises
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of surfactants and corrosion inhibitors. 5 46. A
nmet hod according to 40 wherein the cl eaning
W@ o0p0si989 on additionally conprises at | east OPEI/US2004/024153
further conponent selected fromthe group consisting
of surfactants, corrosion inhibitors and netal
conpl exi ng agents. 0 47. A nmethod according to claim
31 wherein the cl eaning conposition conprisesabout .8

phocib 4847 SRORITHIA AEHRGR TRBBRNCEhid ABBehae phpsehie or

abowt c&fbnkflorvat ebthhamecatdut B9etovaboun980kt% Meater based on the
conposi tiq%ré}iec48. A_ et hod according to claim47

wheM&ight

FHEIRASHP "conposi ti on additional |y

conpri ses about 100 ppm fluoride ions. 49. A nethod

according to claim48 wherein the cl eaning conposition
48, ddiA methnd ajpcgmﬁg 1os@gmgﬂlwgpr@|ln thercleaning¢aypppsition additionally
acc e [ I he cl eani ng conposition
UoftigRed BoéltAoB n\ﬁ%% iBng.

addi ti

y conpri ogen peroxide. 51. A nethod

according to claim50 wherein the glycerol is present

49 N

t&ﬁembgdir?d;tg (ﬂ@i r483WHHFéﬁn k. cgée’ﬁ::ﬂsg éd?n;%s%o?{ %Jd?tﬁ)nauy

conposition an 0gen per oxi

present

t he coompises$ glyoerol.n an anount of about 0.6 wt % of the
conposition. 52. A nethod according to according to
cl ai m 30 wherein the conposition conprises

50y p dp hhetipitoaacsrdimgltopdiaie pé® whareirathiectleamihgacompogition additionally

hydr oxi de.

t hod according to according to

ﬁ':g A e
cl aifNHHISED qrpg?'haerﬁﬁggphor ous aci d and ammoni um
hydr oxi de. 54. A method according to cl aimb53

5

dditionally conprising at |east one further _conEeonen

el dttBRANPY FACCFENG B LPAIEL RS WHRIR dhe diyqeselt isnp

sgmjl;n the

COr re@fipgdRition in an amount of about 10 wt% of the composition and the

52.

53.

54.

55.

hydrogen peroxide is present in the composition in an amount of about 0.6

wt% of the composition.

A method according to according to claim 30 wherein the composition

comprises hypophosphorus and phosphorous acid and ammonium hydroxide.

A method according to according to claim 30 comprising phosphorous acid

and ammonium hydroxide.
A method according to claim 53 additionally comprising at least one further
component selected from the group consisting of surfactants and corrosion

inhibitors.

A method according to claim 54 wherein the corrosion inhibitor comprises

catechol.
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inhibitors. 55. A nethod according to claim54 wherein

the corrosion inhibitor conprises catechol.56. A
woredosoaecor di ng to according to clai m30 wheper/ns100€024153

conposition conprises quaternary anmoniumions. 57. A

met hod according to claimb56 wherein the conposition

conprises tetraal kyl ammoni umions. 58. A nethod

according to claimb57 conprising phosphorous acid and

a conmpound sel ected fromthe group consisting of

t et ramet hyl ammoni um hydr oxi de, tetraethyl amoni um
561ydrm>ghdt®lodtatdo&nn@ﬁyldamﬁmahglnnohyldlrmX:wieNhherlein the composition

tetra ut.é amoni um %‘(‘{?&ﬁi{wfﬁﬂ%ety tri met hyl anmoni um

hy drG%iRg

57.

58.

es gHgrernay &

ni um hydr oxi de.

A method according to claim 56 wherein the composition comprises

tetraalkylammonium ions.

A method according to claim 57 comprising phosphorous acid and a
compound selected from the group consisting of tetramethylammonium
hydroxide, tetraethylammonium hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide, cetyltrimethylammonium hydroxide, and

tetraethanolammonium hydroxide.
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