WD 2005/ 019939 PCT/ US2004/ 024153 STRI PPI NG AND
CLEANI NG COWPGCSI TI ONS FOR M CRCELECTRONI CS  FI ELD OF
THE I NVENTION 5 [0001] This invention relates to

nmet hods and aqueous post-etch and/or photoresist ash
POOYMICY eani ng conpositions for cleaning FPCT/US2004024153

m croel ectronics substrates. The conpositions of this
i nvention provide enhanced protection of netal, i.e.,
i nhi bition of corrosion, when such mcroel ectronic
substrates are i0 subjected to cleaning and a
subsequent acRERIBEING AMD. CLEMNERGMMPOSITIONS| NVENTI ON

[ 0002] Many photoreﬁ'?étwa Bmﬁoqﬂgsresi due renovers
t

have been proposed or use in e mcroel ectronics
field as downstream or back end of the manufacturing

l'ine cleaners. In tfg/POETHEINVERTIGN OCcess a thin
filmof photoresist is deposited on a substrate

>material, and then circuit design is inmaged on the
tgootn)f | | MTHRPlihv@ntidto relBRK 1 t80methd@s arid0 a§ekdueSp&et-eich andfor
removed with a E]hotores_l st deveJ,oEer. The resul ti ng .
i Phefresist @Rk nrastdyR s FIBARIBY FRMROSEON JBY | e grepighopftronics
Wlhibéiﬂatb§. germebaﬂnb:)sitwndihaltﬁmt ilhiléntiom pz&idaelteahgncby pmarﬁctlﬁn of
pl asma, et ch .gases or chem c et chant s tions.
Bt o i of sl “Benridl BirrdipaiebR " Suoskdfes are
10 selbfeztddve kigaanihy andk a shissegbenit agesdus rinsmpr ot ect ed ar ea of
the substrate. As a result of the plasm etching
process, photoresist and etched material by-products
are deposited asBACKGRGUNDITOUNRE INVENTIONe si dewal | of
the etched openings on the substrate and the
photoresi st. 25 [0003] Additionally, follow ng the
t @oo2]nat i aMargf plidistesistripparssdnaresitilterenewesthavewekin prefpbsed

s DRa IR ST 56 L SE LTSRSl U et
Clirie dismnarsC dmpleinsmathciuringiprotess raethiadim oigphotdresist lis/depbsited on a
fboRbe e En G R0 30, FE M ERed orh e BB T Foliowing
f pakinge thevestposdd tesist isr regiosed wilk la pratasesistidewglopasut The resulting

image is then transferred to the underlying material, which is generally a dielectric or

20 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.

25
[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
30 a suitable cleaning composition for removal of this resist mask material without



- 1 WD 2005/019939 PCT/ US2004/ 024153 adversely
affecting, e.g., corroding, etching or dulling, the
netal circuitry has also proven problematic. [0004]
As m croel ectronic fabrication integration |evels have
WO0eHYEY and 5 patterned nicroel ectronic d%Q/T’E%mO“’“Z‘“ﬁ
di nensi ons have decreased, it has becone increasingly
difficult to provide sui tabl e phot oresi st stri pping
and cl eaning conpositions that provide suitable
stripping and cl eaning properties wthout producing
addverselyedffectief ted]., €frfodings etching toh@ubingahefmetal circuitry has also
em cond ctors and fl at panel displays (FPD), the
;ﬁ%ﬁﬂ%ﬁ?% Mt al corrosion during phot oresi st
stripping, residue io renoval and the water rinse is a
ﬁ@?@{]e dr Wﬁ]‘f&?o IQ&rowcCHl)ﬁr.raltlé{n YHied aﬁcnielevag I'%(/e $6dr€ded and
s such as un1nun1 trtaniu and tungsten an
5 anatfep'@d m%yctmnwype\a@a direeyisine h@mde«weasgd it has become
rfrﬁ'[a? MGt BiRIRLE ﬁ)ogirb\ﬁc?et | Qfsbigl gk to*é@nsfi‘nstnp ing and cleaning
a I ne-contalnin osition't I nclu pol ar
ofaFRResitiors | thatn peovisiee ﬁdwlew stippings aaﬁ gﬂﬁ?’é"garﬁrﬁ%%m?ﬁ without

hyreseng @tﬂbr"‘&énﬂ@ﬁ’ta%ﬁ&& S tHéta'ré'QO@ﬂﬁﬁlE&dh&o%nand flat panel
attenpt” to |l essen netal and dielectric attack or

cHsr'asi GRD) ARe peoblegh el Meah eriPsioRidNERg RbRieresigariPRing, fpidue

10 tRemolsIrpatee WhRr Ahdesis tal éé@é\@&ﬁavﬂfack’ hesrtieuRay Sith #duse of select
reS|Pue renmoval, in _ sol vent bl ends Fﬁmever such

aPRYs; syeh 3%ﬁ'“%”ﬂﬁ'@“f"é’h@\?glt“"ﬁﬁﬁeﬂﬁf‘g Yis experience

carbon di oxi de uptake fromthe air, which in nost

SRR, 27 A kel 50 S S AP RS EILAER Wt o a
cajkmmsmbntaime comepasitiba tthatehgludssopolarcorgagc sotyente chiended with
s ol R BF e R ohf P SLERAG 0B f Aot o
t lassenarnetal anchgielectriolatteck ogcdrtisont yreines an@hWQXylamnes have

CkSeee?lt At B IQEQ/ ﬂ"ek?tf) =l r@gg%?’gfl l?ﬂalsl’é‘i' ﬁﬂ‘ rb&idde réfﬁ’tﬁ/al in

0 consi era rom t he patter ned
I$q11\€9§lt tiends. netlewsveratstish 2alkaline | ashe rrasidiantremovals formulations

Wﬁ&ﬂ:et %2?1&', &‘aﬂﬂé‘%ﬁké iR e ait SMicANA rhdxe cﬁgééegﬂb‘itens the

an intermediate rinse, typically
20 j @%@%mfptl%ﬂ g offRstive batdifey rM@'QP\fea,ﬁh@set @l ine cggp@rtc}pmposmons

CRRCRIHSely MW 2eFHE aﬁaalreqwe&ﬁe URBStPstes %‘%ecﬁlﬁk ih Qnd leaner
manuf acturi ng process
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
25 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.

30 [0006] There is, therefore, a need for stripping and cleaning compositions for



30 [0006] There is, therefore, a need for stripping

and cl eani ng conpositions for -2 WD 2005/019939

PCT/ US2004/ 024153 photoresi sts and resi dues that

enabl e one to conpletely renove etch and/or ash

MEA2003@199%¥0m t he nicroel ectronic substrate, ESHEEI0A{/4%153

a need for such cleaner and residue renoving

conpositions that do not produce any significant netal

corrosion. 5 SUMVARY OF THE | NVENTI ON [ 0007] The

i nvention provides aqueous cl eaning conpositions for

cbm«menlgts andcresidues: thab ehable wbe tte spmpletaiarensgve &ieh end/er ash

[ t
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relatively short cleaning tines and relatively | ow

tenperatures conpared to the cleanln% times required
Sfor prior art al kaPVMMARYGRE ZHEINVENTIOM ng

conpositions. The invention al so provides nethod of

usingblsuch agueous cleanlgg conp sitions to cle

908k 1 ect Fimiteatmspiodees Ao SPmpsiyons Tor cleaning
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phcnm:p'hihg e:le(alﬂlhﬁewrr)pqsmnss Iﬁhevmvdntlma amppprevides ewthddaef using

bQ ﬂ'ﬁlpo%%gﬁ&% ?%eﬁﬁmgélkf n%bgl?éée%gjtaﬁlcularly

resen In a nven
BPﬁwpaphlcstmnlq slbstiatephwithphi nredummlwtﬁffam rotalcopyesion of

15 p{h%sﬁ—léial'ﬂ%rﬁgﬁtgn&oﬂet niGoSbctioRicS suBsﬂ%ﬁeg . ahfledls cleaning

t of the I nvention eani ng
c ePMpRasition® B thist invention comprse (adater.<(b) pt lepstroaB|of ammonium or

Ceﬁ‘ét@f'nﬁryf biRYoh i 'id?@sandTFﬁ 4l 1eadqti ahe SPﬂmhbé&ﬂé (‘PIEPOz or
i nventi,on opti onal can have present in

CBW&EBH‘Q (R bioBr hvihbp ABRESated Biah bm&samfﬁ?“'@%é'i‘ﬂl%'atemaw

Suﬁlﬁ'@ﬁfuﬁmicﬁms Ry e @%@htem Egcd?rﬁpo@lﬂSh aifltnm mgembﬁ,, and both
anji c solvents 25 and the | ani

20 B oglesANie B80S PIRSPRiR ONE plaﬂya(xfbomﬁesprpwgm ? 8%“&?%3'0“ of this
empettion) Inya Rithéradphsodindént of B@ninvadtish mé@ﬁdaﬁmb lc@MbBsitions of this
S}’rlx?/grtltlro%ta SO prlg%rré%IyL gg\tgﬁ %(I})ncgrllonos\l q‘:he cle n|r|1\<_l:;v compmlons of this

invention optionally can have present in the compositions other components, such
as for example surfactants, metal complexing or chelating agents, organic solvents

25 and the like. The cleaning and residue removal compasitions of this invention are

especially suitable for cleaning microelectronic substrates.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS
30



AND PREFERRED EMBODI MENTS 30 3 WO 2005/ 019939

PCT/ US2004/ 024153 [0008] The aqueous cl eaning
conpositions of this invention contain water

generally in an anmount of from about 60% to about

S H¥5/018%38f er abl y from about 75%to about 99%’”?&9?‘!—5\“24153
preferably from about 80%to about 98% and nost
preferably from about 83%to about 98% by weight of

the conposition. 5 [0009] The aqueous cl eani ng
conpositions of this invention contain hypophosphite
aje@p8)r phoBehagquecudeieaaing compoeaitiona Pbis inveation contain water
PYRRAN P Bh LR AP 5P S8 m@ge&yggﬁ €8rBRFably from about

mions are prertera anmoni um

o7% do Gbouh 89%h gagse referablyplar caborh 8a% 1o BbME 3806.fanshmost
1@ r/&ng%t ‘%Et@léb?éltcb%% 90 WRlgh dptnd &m&h@m 1%to
about Z5% ra

prefe rom a out 2% to about 20%
Snore preferably from about 2% to about 17% and in
S[GB9) 'nSt'ﬂ'{éce&uéo&%élébrﬁngo%onmésM@hsgrBf @his t HRention contain

conp03|t|on hosphi t e/ phosphi te and anmoni u
i HRSPLasRhig sc?"!ﬁ'@rpr %‘g)\ﬂs‘g%’ff byorst h@Pd cHYRPBAERY 5 'ons. "the

Skypopidsphitaishdsphitd dtcr@nmuﬁihmrqua&maw Qmmoan'plbﬁy b preferably

t, h
oHIBYHRL Pa R cReng 1L 6 SEPSRRet, paPRYEL R, 3 eyt of from
10 Sabdus 0.5%to awdomn%t igederaiiyt frona aibaut i 184Ttcoabayt 25 %y, paafgrably from

:é%;‘})ﬁ'? b?oﬁé a@éﬁ{ﬁ%ﬁ/g %ﬁ pEﬁ?erg@al kﬁweaﬁ)%/olt' a%&ltt‘ﬁ%, ahd fA"S6me

sinbthnaasent! 8% poovR Ok, i nbyt hma@%amfngt@onpomp@suhms of The

Chis | . | b /

S SRR/ AR SABRLE TAG°IMY ol B9 %8s b over

ecpmponkentstsuitable fmtprw:ﬂlm]swbuorms 6. dUnmrpV!@'DQ dnithgycormpgsitions
15 & H%Eh&ﬁh&%hg §n@§ ﬁﬁ&gﬁﬁﬁcﬁbﬂhg Q4ifs; Eﬁé%ﬂ/ §0d|ﬁrn§alts in

'S CCont T bt ypop osph phosphi t
i @Tﬁ@bﬂaﬁi@"am’ﬂﬂhl urﬁ"tma"t"é!f‘ naly aftyaiemann i @yymonium, PFEfEfably

C@ﬂ'ﬁ&lk}l%ﬁonlhﬁl §é?t"sa| If raﬂ?/“e@@ﬁuthe Q:oﬁn%?n%ﬁorﬁ@@%mﬂ&%wts will be

preferably from about to about 25% nore
pPfficientp ) fRreYid@bdut they, Clsanpeutcorositiongy Rbsthis  invention

PhypoBhasphite/piddphitd @is and ammonium/quaternary ammonium ions in an
20 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
25 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
30 tetramethylammonium fluoride and tetrabutylammonium fluoride, and ammonium



25 2% to about 17% by weight of the conposition.

[ 0010] The aqueous cl eaning conpositions of this
invention will, in a preferred enbodinent, also

contain fluoride ions from any suitable fluoride
BEIBUNFPI such as  for exanple, from hydr ogel‘%CT’USZ"“‘”"24153
fluoride, a tetraal kyl ammoni um fl uori de such as 30

t et ramet hyl ammoni um fl uori de and tetrabutyl amoni um
fluoride, and anmonium - 4 WD 2005/019939

PCT/ US2004/ 024153 fluoride. O her suitable fluorides
ifluotidede, fQtherex auifable f flucridedhorinciude, for example fluoroborates,

S AEREN TR ARG E AR T Far B Mnopy s an e
fllkaoThedféloudmp@nmets\mll ge@eaﬂe balprgsemen thecenmposition gvm @mount
Gp M3 tﬁ{ﬁﬂ%gb‘pgm &fo%’ugﬁfb“addﬂtf] b3 RRIght &Qh&&ﬁnﬁb@.rﬁbn

/ouptoa y wel e conpositio

; rfrfefﬁ@bblUﬂWW STl 25O 10 d1Aeasb GO0 P OEBART% 10 about

50 @ﬂQ)yFWH'@r@ bf @ieQ:Qﬂa%glt‘fbnabl‘iﬁJhoreopré%?éﬁw frdeh gbdut @b pbheto about
fromagbout 10 ppmto

R PPmopaR00 o AU TR MR T RI B8 vesi ohi o ¢ b

conmposition. [0011] The aqueous cl eani ng conpositions
of this invention may, and to preferably do, also

conf@1q) one or TR k{uevis lcRihiRg \¥BkBbsitfoRs Whlties Ghv@AiinCmay, and
sol vents. Anong the various organic solvents suitab ‘e

10 g %fefi‘ibbfoFRaI%SO ﬁ@?t?'ﬂﬁleo?ry mere sykable walgfrapjuble ‘59%%%‘?’9“‘3
gAm&ﬁdt ‘ﬁnel qérmelorgarhe B6lverdd lsMitabiy BreOhlicehdns) RByhgaoky akohols,
Sl Rl e Rl rohes. saliofpyeoidipopes such as N-
hytdmwpytﬁihbmbr)e 2-(|pMPy ol n-dydlromlk&kfﬁvnohdrummy babv masi de-(2-

L n .
PN E P I ARCHETHED). inditolham 3K, OMFR erBihypgetamice

15 t{@MAd),nsulfolahe ocagimetingdsuifexides OMEO). Hkhesé salvemty may be added to

ﬁ%ﬂp‘%ﬁé téﬁg&isﬁ{a}%sﬁ Ogf' ‘?r%“.“c&ﬁ’ﬁéf‘ém.:@ﬁ@ﬁ&' b Yo %&UE‘e”H{&al

or alum corrosion r er alumn
aembbc:ally awmmunum aluininogn alitoyr ansriosinn iratas lif furtber alsmlnum and/or

ﬁﬂn{q roé; {3/)?2(1%Fr5ﬁ9n gﬁf{ g’és ‘d@%uﬁedorﬂ?@h&d wlbERloRe Bfdanic

Mqlp@nmﬂrgyapkybyqrwymobwp@ps glyg@rol N- methylpyrrolldmone and/or 1-

F ¥ | 56HhN Qe S (B WighroRfethyl)-2-pyrrolidi HEP
20 hm&xmglngxdygtanm%ngg_ Elsdrhr %I Sll(nlcl)'\zeroﬁjﬁt FYI) pyrr0|hmone (HEP).

o$‘{f<9rﬂ aargfowwwawe sEpioNed merﬁﬁf an'rﬁew%fo apput 50%
f tiy(i’\ﬂél@l%ﬂaeecﬁbﬁ tHe @&ﬁﬁt 0P Yhe/Rinfpokiti O prste@blytim Bn ‘éﬁioghlt of@bout

referably in an anount of fa %
5" to ab ut 50% by welcf])ht and more. preferably in an amount of from about 10% to

about 50% by weight.
25

[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
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5% to about 50% by wei ght and nore. preferably in an
anount of from about 10%to about 50% by wei ght. 25
[0012] The cleaning conpositions of this invention

also wll preferably contain an oxidizing ent to
PORHEI%Ur t her protection against netal, %%?P%?P?“{Pﬂm
al um num corrosion. Any suitable oxidizi ng agent,

i ncluding, but not limted to, hydrogen peroxide,

per sul fates, perphosphates, hyposul fites,

hypochl orites and the like may -5 WO 20051019939
RigTéraS20@Min 0! dBahind eonspysitiopedf this inveation. eBird prgferred oxidizing

C%EEP l%' h&{bl%'agn ggro&ﬂb S Th%?ﬁ%ﬂhto& oxﬁﬁﬁgqg%ﬁﬁé$ﬁﬁ%ed will 8?nerally
obé idian argomgehtrorermb uyécdalwut B‘cheraéqrablyyront@quhoaﬁ% to about
UHBrg é'gf /Feﬂ{y chﬂa Bofitg) /9@%‘?3%?%% ol Efrefkh’%t}fy fr6@Mbout 0.6%

out nore prefera rom about
cﬁomwd @%bmghtﬁthemomeﬁﬂm y from about 0.6% 5 to
about 1.5% by weight of the conmposition. [0013] The
conpositions of the present invention may al so contain

i tapl t I yb hqteri c.
10T ot AP DTS 4t olod oFHESEHH ey 7 g Eoptain any
fssmﬂtéladrtmtbr-whhﬂle raérchhoterit, haorflﬁmbacettudIWsr :amtomi: gunfactant. The
0 a n 0 e
S0 SR RS 1 BBl L, R o
aiotprave thd wetlieg obmpcssrfaaedp bemnem ahd therafererimprosé @ dheaning

%88’ of the EHSRiRh “ﬂ%&[ﬁ actalt hidy' a%'&sﬁé‘kﬁfed' b r EH&Jeh&ﬂmmum

m num corrosion I n
searmosion afetes fsturther pluminum @@ffp%l@n ) tinkibitiony fis td?é'r@r eyephoteric

%Efahﬁrhsbf"u‘l:lnutqg cQﬁb@%itﬁﬁ§ o@ﬁ'@ prédént ﬁ’lbigﬁti%h e Weines and

kyl Dbetaines, am doa bet al nes, al k
s¥ifPbgaings sueh ﬁﬁ@'kylsb%ﬂﬂ%ﬁm@qa"gbp?téﬁéf aqllﬁé§ulfobetalnes and

aéfhlﬁ@ﬂﬂlboéwdb@taﬁfé'sd CHhihdcHrbok ?Iﬁ: SU&:l'H anerlvahves such as
nphoglyci nat es, hopr opi onat e gl yci nat es,

aﬁﬂp@ﬂﬂbﬁ@a‘eﬁr wpmwatesr AR Gl R, gof JEtpPodipropehates;
aidirotisrldéyduch g Qﬂbﬂﬁlkﬁlslnﬁﬁoo@ddtﬁxdi'ahlkbﬂya kil irAstidaRiddSs amine

am. ne oxides such
R RSP S & Ber e TThikrie kY B grifes: {ugeoalky
aﬂﬂl‘oﬁd:tugénmn@d\afddkankyl an‘ph@tteﬁcrsl and nﬁ:ﬂﬂ#emthﬁrwaPreferably, the

20 BERER o BVt e RG] B LA ABDRD i
betaine, cocoam|dopropyl hydroxy sultaine, capryloamphodipropionate,
cocoamidodipropionate, cocoamphopropionate, cocoamphohydroxyethyl propionate,
isodecyloxypropylimino dipropionic acid, laurylimino dipropionate,
cocoamidopropylamine oxide and cocoamine oxide and fluorinated alky!
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 monoalky!
ethers. Preferably, the non-ionic surfactants are acetylenic diols or ethoxylated



bet ai ne, cocoam dopropyl hydroxy sultaine,

capryl oanphodi propi onate, cocoam dodi propi onat e,

cocoanphopr opi onat e, cocoanphohydroxyet hyl propi onat e,

[ sodec I oxypropyl imno dipropionic acid, laurylimn
Qf’ﬁ{ cocoani dopr opyl ami ne oxi de an TUSI004/024153

cocoam ne OXI de and fluorinated al kyl 25 anphoterics.

Non-ionic surfactants useful in the conpositions of

the present invention include acetylenic diols,

et hoxyl ated acetylenic diols, fluorinated al kyl

adudeqpleﬂlcﬁtle&r, fAnicaic swufaethngsl kgafdsinethe , compositiomatbédhe present

| k [
A AR R S R S
paJ1dy dwy?etSh pf erthoptiospwyric sadic gaghe as ydesylsphdspbatan Pseferabm. the
al iafic Gttt flarenm%@ Ky lsur?rgctﬁ{t%‘ el SatiohE %{uﬂ‘é&?ﬁﬁ! uski€in the

non-1onic surfactants are acety eni c dIO
5 eqdmpesitiansed of- &he \Wpresns/ OmeEstion POTCIUER 00ane4 1 Bihoxylates,

%ﬁkwlﬁn@thgla?dn%rﬁmm' oni ggur fact 3d1£|ﬁyIM§'%EHI'inuhﬂ the sats,

ositions of the present i nventi on i ncl ude

c%{*wwawﬁwlam%w@ar als. naglkyltinethylaynmppiym  salts,  and

S&kﬁﬁﬁ'@ﬁmnﬁné’alﬁo nprefe"#ﬁlﬂy d'tﬁét &ationif s@ﬁéél@rﬂ?o%ﬂf' Oﬁdlé‘gen-free
acid ‘such hat e. Pref erabl

S Pslanian Eaample afBEROAY BaiaissLHeq!ahlp rokdg: g Aranot imisd to

10 SS{B-fdﬁﬁ?dtﬁt]ﬂ-ﬂ&ebdﬁﬁCﬁ-Ui (suﬂ;lmogm )5etﬁ©mmh2 A4 @B&et@éméthﬁ-&decyne 4,7-
pres tion u m ne, et hox t.es,
R RO ratchaea), pabelAfeRuEie Ceirmiaam b (F oL £SO, Zomy
Sﬁm lsTntoaIXyomemélﬁlmﬂhrhwmyuéwxyftﬂéma and the like. The
a tri nium sal t an [ J
Sttt beerdliTRR gt ah moBRCer By b ot B Rreerably
momgtembﬁmtaant“/sbasbdoh #etveeighErtthp cempdsitieapeci al | y
suitable surfactants include, but are not limted to

15 10 3, 5-di nmet hyl -1 -hexyn-3-o0l (Surfynol-61),

ethoxyl ated 2,4,7,9-tetranet hyl -5-decyne-4, 7- di ol
([8a#4ly nol %pquwsyp@pplam CRIPRASHIRYS e?fe this invention can also

casuenamrc@ﬁwhmw daﬂqpbzémy lindnelfng bk @BY mitdo B! cobfokioR l‘hhlbﬂors
X-100, namel henox¥ oI yet hox %/det hanol , and t

| 3o SiM¥RE Ng P'Pr V&ntCOWPP en@PRlPYss He BV%%%?&“PH &l?a”er
Wbthtslgei\ﬁ/\i frm&gp@natbﬁwty ||5clude%atéﬁh6f edspRdinbl, galikRQtid; @ropyl

u ased on e we e _conpos
20 [ Priggelgh RO oBt A0S PP OHEZ IR, g1 BoMundtiona
| carisoxdylico Bcidesueh @ 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.

25 [0015] Organic or inorganic chelating or metal complexing agenis 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-cyclochexanediamine tetraacetic acid (CyDTA), ethylenediamine tetraacetic

30 acid (EDTA), stannates, pyrophosphates, alkylidene-diphosphonic acid derivatives

-7 -



optionally contain other conponents, including but not

limted to, corrosion inhibitors and simlar

non- corrosi ve conponents enployed in n1croe|ectron|c

cl eaner conpositions. The conpounds may includ

W2RH3993 r esorcinol , gallic acid, propyl 20"%%25‘{4@2‘"53

pyrogal | ol , hydrqu|none derlvatlves of

benzotriazole and pol yfunctional carboxylic acids

such as citric acid, tartaric acid, gluconic acid,

saccharic acid, glyceric acid, oxallc aci d, phthallc

a(e:gd nedtne- taydehxy-teimdificsphanetell, nmapPbespboRaiesd,  containing
drieaBfrhrfd: g%ﬂ%le?ﬁ@inbﬁ)ﬁle' g tﬁ&hﬂenﬁmﬁ%ﬂnc@rﬁﬁﬁio&h@i [es.

rgam c ch or net XI nB ents are no
reéh»mneé@mlmtteta(me yiengm stheprhoaic Bé‘ﬁbf(ﬁ SMPy diethylenelgamine

eﬁéﬂ%@thylbr‘f@ bﬁdﬁ%ﬂorﬁé QEHE ttne?ﬂy@%ietr&ﬁﬁme%@(rﬂéﬂ%n@‘Hh%%[ﬂﬁ)mc

into the aqueous cl eaning nposi ti ons of
5 | qoidd: nﬂ'hq;ehelaﬂ@ aggﬂt wijl b@fprgﬁgm lgy]eecompgplgqq iR gm@,mount of from 0 to

CabH §M%9p@€b@£ﬁlsﬁfrbrﬁcdbﬁﬁileo Pud aBouR 2NAtbs bad@dt&dthbavelgm of the
trans-_ 1, 2-cycl ohexanedi am pne tetraacetic acid

(qeyBesifon. eMﬁte& A HNGAR GOEPIEXING A9RIE PLVAEIQUS,RRQFPRFIER) Such as
séteydhRbRMIneP e phandat Sifospldnicy btide (EDTMMh o haache lmproved
?% I bjlzgg{nlrpi ﬂtgl e{e%smrﬁ;apx\ég?tlzo%g So/it?\% &F gﬁlag gﬁﬁ#%ztggg Ol‘otgls mventnon
10 phlmaha)naltee&nmhmdauim' owiplizireg bgdnénatdacidic ard alkaline conditions and

eth or triethyle netetra m ne
sc '¥ § ol réFF"eéds [e,g. ethylenedi am ne

tetra( nmet hyl ene phosphonl c acid) (EDTMP),

i I .0 AC] -
(oFal | b onf Preirec b ek ot TR eRBAR eFing Eoftbositor
amnwylsesrh@terhemchtamgorugenlnymmqsr’m@ paspeeially 2nwi%heammonium

15 Clﬂgper a%ﬁ iQNin! 88 Q\R RNt i‘ﬁ’rfothfeF %Fgf&rédocleé’tﬁr%“coépagltléh of this

rom a out 0.1 to a 2 wt % based on
v%@YQj'HQn o¢°"mﬁ'ées o‘i)n?ﬁﬂmoﬁ'i’@h of \vater, mmq%ghmophosphne and

CrYARInBSAC iR FESH FurPlr prafelrd BmBERHBMQR ﬁ'i:!éﬁnm§ a&h ion of this
et'hyl enedi am ne tetra(net hzg‘l ene phosphoni_c

(RYSTHies) CARIISES WalSR amﬂawas% YPGPRaSAINS. zfnyHor&faq glycerol and
qllyaaa@,bﬁ PefoRIAB Ok hu@mapﬁrererred ebRpaYition c@mml Hyb@;ﬁﬁbspﬁorous

this invention i o when t are conbined with
20 BNdfr phesphages agd. zﬁm’ﬁ‘?ﬂ“ﬂ‘i‘ Eyd&?f‘épea? WRBE conditi ons and
thus are generally preferred. [0016] In one preferred
j.nvention. t '

HOREH co T RAlS A L VRSO RBE ST (6 SoRs PP Fipric
2subkfratasnand thein non-metal corroding properties is |Ilustrated by, but not limited
to, the following examples.
25
[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
30 solution was 4.3. A given guantity of this solution was placed in a beaker and
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15 hypophosphite in 98 wt % water. Another preferred
cl eaning conposition of this invention conprises a
conmposition of water, anmoni um hypophosphite and
hydr of | uori c aci d. A still further preferred

BiORORVIRH? of a cleaning conposition of thi sPCT/US2004/024153
i nvention conprises water, ammoni um hypophosphite,

hydr of | uori c aci d, glycerol and hydrogen peroxi de. An
addi tional preferred conposition conprises
hypophosphorous 20 and/or phosphorous acid, anmmoni um

h;roltugh:titcl]hhs° @neatierhed sillc{dDGﬂaTt}r sEimpleschayDgi TINBWSINGATEDS fayers
'su%’ é‘ie in tﬂg '{eﬁgﬁ% Scﬂ 'r?ﬁr@? gl co‘iﬁr?g{’ﬁﬁ'{*’r QffrC whlgh they. were

i lemoged, ainsed by ,Dibwatenand Iblawint dry with nltmben fbl $@mn; Electron

R, (o2 Wafjsken of M Gonp YRRl and cxgupted 26t the
adegses gt pen remnoval et gwminyEnmelsl GARreRiqTop Ibe prBYlts, ingRable 1
V\Tén%tra(fé"tﬁé %Ireaf:i’iﬂ(]:]j aﬂ@@e!ﬂﬂl@ly ddnRFrb&ife hatlrd 6F tAE Q:\’Sln‘ﬁ@s@on of
cl eanin osition of thi's invention. The pH of
éb'ssweu?%n was 4.3. A g| ven quantity of this sol ut| on
was placed in a beaker and - e WD 2005/019939

PCT/ US2004/ 024153 brought tg 450 C. Patterned silicon

waf er sanpl es having Ti Nl Al'/ TelleATECS | ayers

wer e
pl ac¢dekdimgiBe heﬁﬁmersml ut I 0% AdhireovceSET T RRéhiddnTe
aft er vvhlchtwey wer e ved, rinsed ip D v,vatElr,ad
bl own dryPwith ni W%@BW A Scanni ng El ecj Fgfesion A/min

M crograph (SEM wesgtaken of thepeel eanefl waf #0058
sanples—apd—evaluat-ed—as—tHo-+he5 degrcc of—ash

r enoyal gnd a mnuWnetal orrogq he results in
Tabl ¢ 1 3enonstrategthe cfl eani ng)cand re atively

non- ¢er+es+vernrature—of—the—ecorposHten—p—thi=S

. ! 4 T U\JllrngU 1 JUTl JI C

i nvemtion. Table | anpl g | nmer Sion % Ath re ed

Al um{nums No. [Time 3 n) clorrosi 00 A/ mn| 1 11033100
1058

[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 underilying TiN layer.
Examples 1-5. The wafers were placed in the heated (45° C) solution for a

The cleaning solution was the same as that of

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.
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2 1.5 100 -
10 [0019]

3 2.0 100 -

Exarrpl es 1-5 was al so enployed in the foll ow ng
n&al es 6-10. The wafer enployed in Exanples 6-1

MA4%t s of the type

of the underlying TiN | ayer.

the same as t

hat of

4 2.5 100 1084 5 3.0 100 1033
Exanpl es 6-10 The sol ution enployed in

is enployed in Exan%ﬁTégsngg)znss
vvlth vias patterned through the PTECS stopping on top

pl aced in the heated (450 C) solution for a

prescribed time after which T#tquWere rermved

The cl eani ng sol uti on was
Exanpl es 1-5. The wafers were

ri nsed

in Dl et pe—bi-own =Y T (SIS TTQ
El ect—%oa"ml%rogr@ Yishes=y) %A‘lt}ha%@r?w i he ci ne}g 20
waf erj sdNpl eg arfime(mhlat pd as to the degre@rrcﬁlolash

r enofat—and—attrn g reta cortgstom—{he 'ebu' ts—gre
reporfted in Table 24" showi hg the I ncreasilng aggressive
nat urle of7 the conp2>§|t| onf of tHOs invenftion When

enpl gyedgfortongeg secteammy—pggods. 9 WO
2005/{019939 RCT/ US %804[ 024153 ?abl e 2 kExanple
ImTersioﬁ%\sh reddved 9 Al uni f®m No. [Ti me 2% n)

corr

sTony—6T12-0-358— 72 '5UT)8@db90
20 10 z)b 100 80 LégZO]

xanpl esO(?Ll- 12

[0020] Examples 11-12

Patterned wafers of the same type as employed in Example 1-5 were
employed in Examples 11 and 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 25 100 962
12 3.0 100 903

- 10 =-
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5 Patterned wafers of the sanme type as enployed in
Exanple 1-5 were enployed in Exanples 11 and 12. The

cl eani ng sol ution enployed was that enployed in
Exanples 1-5 but with the addition of glycerol thereto
Wﬁﬁ%"’é’i‘?ﬁ%nt that the glycerol constituted PCT/US2004/024153
approxi mately 10 wei ght % of the conposition. The
solution still had a pH of 4.3. The wafers were

pl aced in the heated (450 C) solution for ato
prescribed tinme after which they were renoved, rinsed
[0020] water and bl own dExgmpla t3:14i trogen. A Scanni ng

B ect @R ith WHABE rieSChthe 155 b81GHhIGled RCELIAAIUO were

and “eval U egree o
emptoyed imrkkaaipiesi hirandetdl Theoeleaning solutiere emplayed swag éhat

Ef@f%?’&&@% Elanf5i6s &1 l%naﬂg. th%%ﬁeﬁs%ér@%ilagéﬂl)_g}tﬁgi ﬁ;ﬁq&j M50 C)

eduction I n alum num corr osi on. .
Eitign for a prescabesiime aftar whishdheswaeuemavas ringsd imDhwater and
GM)dr&%ﬁtﬁ%ﬂr n%%&nniﬁ% é’ec@oﬂ%cr@?&gh JEQEﬁ%Wa%QQ(eﬂQS? the
-10 20057019939 PCI7 US2004/ 024153 '[0021] Exanp| e
gleaned \wefer, samples, apd sevalatadn as danibet Jegsee, Of Al RRayal and
BRI nftdl QoBsish. TR redui@sare e fortdnh arabib3 andlsiclv a Tirther

cl eani ng sol ution enpl oyed was that . enployed. in. .
esga&t?ﬁfégre%ﬂaw qlymirgL CofEsiop BVRR Ak the &ReRfedFlgaing periods
wesh &tk Cethpdsitioh is alrhdre GlaglessivelclpamstCas had beérmmdizitee by the
whi ch th%ﬁ welr ée;éem)ved, rinsed in DI water and bl own
RFSY'NF (7P ?‘{"rc?g’ > A Scanning El ectron M crograph

(SEM was taken of the cleaned wafer sanples and

eval uated as to the degreer Efs?Sh renoval and

al umi num netal corrosion. The fesults are reported in
Tabl le Ekaawpte showmendrsion het % Agnremavadt |r edudemionmi n

al umi nu (':orrosuﬁﬁe%sﬁ% at . t he e?(t ended |cl eatdidn.
perijods 1°6_when é ‘conposition i s a norle agaressi ve

cl eaner,13as hNad be8® i ndi ¢at ed BP0t he 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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previous results in Table 2. Table 4 Exanple | mrersion

% Ash renoved % Al umi num No. Tine (mn) corrosion 13

3 5 100 20 14 4.0 100 20 15 [0022] Exanples 15-16 In
le 15 the wafer enployed was the sane as

W/szé H4¥3tribed in Exanple 1-5 and in Exanp?‘élgl'i%(’(l“f?é‘”ss

wafer with vias enpl oyed was the sane as the wafer

descri bed in Exanple 6-10. The cl eaning conposition

enpl oyed was that of 20 the type described in the

previ ous Exanples but wth the addition of hydrogen .

pashaarindeal afitheluglirreemimetpl sartastonohe ogguits sredeporgdiie Tghle Swnd

: [

TR Eheh SRARBARARYJcfon in et LR BPRAN e B waters

slightly I ess than 100 ppm fluoride ion and had a pH

of 4.3. The wafers were placeghleisn the heated (4511 C)

solution for a prescribed tine after which they were

r efroBeamples| imirassion n| B Astaemevethl KWWHIAYEr y i Alaminum

ni {roges. Al SEaRNMnRg F! ectron M cf ogoassion ( SEMeorvéion
taken of thg cleaned wafer sanplef and eval Uated as to

the degree pf - 11 WD 2005/019989 "US2004/ 024153
ash rempval | and{a um fum meajual cofrosiggp. The results

ar E—Le?QLLe.j-J—n—IabJ—e-—s—a showt-afet-her
si gni f t@ant red@coti on{in aIQHn nuni corr 8si on {f or bQ)th

types of waters Table 5 Exanple Tmrersion % Ash
renoved Al um num % Al um num No. Tinme (mn) corrosion
corrosion A/mn 15 1.5 100 840 - 16 3.0 100 - O
[0023] Example 17

A composition of this invention was prepared having the following
compaosition: 100 g DI water, 256.0g 1.0% hydrofluoric acid, 4.27¢9 24.96 %
tetramethylammonium hydroxide solution in water, 20.0g glycerol, 2.0g sodium

-

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 PTEQS/TIN/AI-0.5%Cu layers with via patterned through the
PTEOS stopping on top of the underying 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, 5.969
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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5 [0023] Exanple 17 A conposition of this invention

was prepared having the followng conposition: 100 g

DI water, 25.0g 1.0% hydrofluoric acid, 4.27g 24.96 %

i 0 tetramst hyl ammoni um hydr oxi de sol ution in_water

YO 8'YP¥eerol , 2. Oy sodi um hypophosphite rmﬁ%ﬂ?%ﬁ“@("é‘”ss
(fromAlfa Aesar) and 0.08 weight 5 Triton X-100
surfactant. The conposition had a pH of approxi nately
6.0 at roomtenperature. A wafer sanple having

PTEOCSTN Al - 0. 5%Cu | ayers with via patterned through _
t VAP BRI BNOgom dpyers wels blasmﬁ@sgﬁdjé@ Irgmnaye PL phojasesist
%r RlofiF Qﬁhiﬂ? hefe ﬁlyﬁfe"r %?\f@atwmq% Elee.'ngé ? ﬁﬁésﬁbn%rtzeﬁunutes

Vi a er was treate m nut es
at 395CC Sﬁl\hmﬁmctrgn émwwgg%% Ueside. rea;emldﬂtbw %@t"?@ﬁ anetal
i dasrpggh.i on of 0.18 mcron wide vias wth a 51 aspect
(height:width) ratio showed the vias were conpletely
clean and contained no residue. 20 [0024] Exanple 18

A}ogisgam ng con‘posn tion E)iant,hégs.nventl on was prepared

havi ng, t he fol | ow qnposition: 100.

25. 54 efwwawa?mn% of tijg .'rere%ltﬂ"mfsﬁfq%f%ﬂg?veww %%'230"'“"‘

HypOiHsspiter aﬁ@ttlblybvatéﬁ}lﬁl providy & ealutien $ompfising jigd ammonium
yc ro

YRt Ao diaer om FRIREFE RISORorMRE  SARPRS hpving

PHN/@/ TRGP TEGS Iayer§5~e€e pradetieinnthd hedted -dolutiensvaf e¢he cleaning

%ﬁg’lf’g'ﬁ%%qﬁ%ﬁ%&%ﬁzﬁ’%@ﬁﬁ&%@tv&g@ ?‘eﬁ%\}ela, rinsetén D{Rater and

ThlownAdryOvitAiwéganiN/ The' eleaneddayaiers ware éhepl exaluatatsfoe dsh eesidue
r ul | bt i . _
(BN 8L, RURLATS51EE o8 Sindh AN, ofifn (0o
ronTasies to 4@=sguereCorsEm)i ndwasrtepharimoni EPoshespbile.doe pH
rcﬁ Ry %bluW‘)ﬁs tﬁ@%ﬁtl‘!@b&f%@%ﬁed ébﬂfnbﬁsh'l W?nchﬁh[a%é'] were
Exanpl es 19-21 C eaning conpositions of this invention
V%a@dgpgﬁ@@wn@ymﬁogpﬁen anghest rgmoval results are set forth in Table 6.

Table 6
Example | % Ammonium | pH | Temp | Aluminum | Ash residue
No. hypophosphite °C corrasion removal
19 1.6 3 45 0 10
20 3.2 3 25 1 10
21 2.4 4 35 0 10
[0026] Examples 22-27

Cleaning compositions of this invention were prepared by mixing
hypophosphorous and phosphorous acid, ammonium hydroxide, and D! 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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20

hypophosphite and DI water to provide a solution
conprising just amoni um hypophosphite and water.
Patterned silicon wafer sanples having to

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

BO VBN of the cleaning conposition for 1BCHPHRIpAHSS
after which they were renoved, rinsed in DI water and
blown dry with nitrogen. The cl eaned wafers were then
eval uated for ash residue renoval (0= no renoval to
10+ 100% renoval ) and al um num corrosi on (0=no

dbey wsieonemowed, Oinsed év Bl water asd blown drnavithenitecegen. The cleaned

. { . b : o
YB3 ORISR o oy ARuR ol (6ol a7e- 100
weevalivend aluplinuse dowesion Ki=nal wresiomte dPFesyetncelragioash The
r .
AL SRS ol o kb A Sourfafh o an
rRsp dpRewh st its rechewn inokAben’.renoval 19 1.6 3 45 0 10

20 3.2 3251 10 21 2.4 4 35 0 10 20 [0026] Exanples
22-27 O eaning conpositionpayi 7t hi s i nvention were

p hosphorgus—and—phosphorqus
alc Fo@melfnoni um#hydr oxi de,” and _DI'SZ‘\/vate_P'.:l AR Ash
sj | iQen gﬁopﬁ@agnlt@s prgpile TNN,OHT|Ti N PToeSsibey efesidue
were placed in 25 solfutions of the dl ean| ng |
conpositijon heated to 45 C fof 15 mijnutep after wiPRve
- [ 13 22WDO [20057 949939 | PCT/4US2004/0)2415650 { hey1were 10
r epreved—irnsedi-n-—bBi—water—afhd—bl-own—ar—wth
nj tr8den.| The ﬁ eaned wfers vveq:% th‘lE‘:qg bval (at ed fo19
agsh residue rempval (O= reo repovald t|ot.40F 10@% 10
r g —anrd—al - Ru-cor-osHon—{O=Ro—£ot+oston—tie
10:335ere cor r%gi on). The pel cqur of4'E%:h pRosphite?
the Rp8l of| the s®l utions, and {he.&l UM.84m corrosijon 10
apd—>b—ash—renmpyal—esuts—ar¢—showr—a—Fable-—+

27 6 25 448 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/AVTIN/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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Table 7 Exanple % % % pH Al um num Ash No.
hypophosphi te phosphite NHAOH corrosi on residue
renoval 22 15 1 0.3 4.50 1 10 2315206449210
24 15 6 2.3 4.47 2 10 25 301 0.2 4.750 9 30 2
WO2095/8939 10 27 30 6 2.5 4.48 2 10 10 [00291’”520‘“"’24153
Exanpl es 28-34 C eani ng conpositions of this invention
were prepared by mixing only phosphorous acid,

amoni um hydroxi de, and DI water. Patterned silicon
waf er sanples having Ti N Al Ti N PTECS | ayers were

pl aced in soI uti ons of the cTallaeBng corrp05|t| on
heatret—teo 50—€c—for—15 ||f6 gotes—aftret t1
rem)%a',"p'ﬁ nsed ©n is Dl (ate Fg'hc %‘u\‘ﬂaHuh?j AEP{{%é‘r‘d'uS
ni t nogln. Thehaspbemesl \WAHe®H yer e |t lsemosional uatremovfad)r
ash|resi dug rerrge{@l (0= no renovall to 10= 100%
renmpval ) and al um num|corrosi on 0=no corrpsion to
10=geve&Be qorrosi on). |{Thd.per ceid phos@horous adfd,
t he pH gr ttre—sptuty Lllb,osalllul tsiB: at UTR TTUMT COT TGRT O
and ash rermoval result|s _are _shownlin abl el 8 4
WO 20080019939 PZLT/ USZ00M.92415# [Tabl ¢ 8 Exarrpl1@ %
PH ArumgmurmrAstrjestdye——gWphosphorops NeOH 3

1=

cornosion rlenova aciid 101 3610
32 2 14 6.0 0 10
33 6 2.7 34 6 10
34 6 4.3 6.0 2 10
[0028] Examples 35-40

Cleaning compaositions 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/AITIN/PTEOS layers were placed in solutions of
the cleaning compasition 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 remova! (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.
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29 1 0.55.6 010 3020.43.4410 3120.94.51

10 32 21.46.00 10 336 2.73.46 10 346 4.36.0
2 10 [0028] Exanples 35-40 5 C eani ng conpositions of
this invention were prepared by m xing phosghorous

QA WOVHPRAl concentration 2%, DI water, andPSEHPERIP4024153
strong bases to achieve approximately pH:4. 5. These
bases were: tetranethyl anmoni um hydroxi de ( TMAH),

t et raet hyl ammoni um hydr oxi de ( TEAH),

t et rapropyl ammoni um hydroxi de ( TPAH),

tetrabutyl ammnl um hydr oxi deTa(HBAH)

Cetyl T T U II I ullll‘ Il ul thlv orey ICF:\V ¢ “’J-

S ot ) e AR L T T e A T B¥i
silidon wafer sanpl es havi ng T| AbdrfhsNhP'l EC®navwper 5
wer e [ptac i i:unu as—of—tgre ctegr g conppsTtTan
heat d to%§5 E@Km nut eé4 safi er ich thevl')q/vere

r enoved, r36nsed |n TEAMat ef afd bl owl dry |wi t h10
ni tr ggen fe—etean efs—were—then—evatuatged—ar
ash rlesi d&g r enpval ?ﬁa'-—rmno re"r'rB:DvaI totFlo— 100%lg
renovial ) &Bd 15/(al u'rl’rBAldm cor Adsi on (=no dorrodi on tjo
10=sevetescortosiot re—abav abbreviation—for—the
base, the38H of théw Pfutl ong' §and the al dm nurér31U
corrasi on48nd fshTEt@hﬁVhl résul ts ar®@ shgwn i @ Tablle

9. - 15—WO2605+019939PETUS2004/ 024153 Tabte9—
Exanpl e No. Strong Base PH Al um num Ash resi due
def24lsi on renoval 35 TErample$41440 36 TEAH 4.5 1 10

37 TPAH 4'(§e£}1ir99 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/AITIN/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. 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, 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 tha compositions of this invention.

Table 10
Example % % % pH | Aluminum | Ash residue
No. phosphite | NHsOH | catechol corrosion removal
41 25 0.7 0 3.2 1 10
42 25 07 3 3.2 0 10
43 2.5 03 0 2.2 3 10
44 2.5 03 3 21 1 10

- 16 -



38 TBAH 4.6 0 8 39 CTMMAH 4.5 08 40 TEtOHAH 5.0 0 7
[ 0029] Exanples 41-44 C eaning conpositions of this
invention were prepared by mixing 5 phosphorous acid,
amoni um hydroxi de, with and w thout catechol, and D
WER #5019t t erned silicon wafer sanples havi HST[USZGD‘”O“IS:‘
TiNAIITi N PTECS | ayers were placed in solutions of
the cl eaning conposition heated to 35 C for 10 m nutes
after which they were renoved, rinsed in DI water and
blown dry with nitrogen. The cl eaned wafers were then
efo@Bojat ed Woile trehinverdion hhas heem dascriped hatein eitb vefierenge to the
1 t

rercrlig%g?#o?mf%] pne%\rc}féj rlte\ﬁlci: %% %&Bﬁ}eﬁ%ﬁt‘@aﬂgeé Ondification and
pm@mrmméneamade widloud nemﬁlmg/iwu)tmeieptntaam St;aves@htblp inventive
Hzgwcgﬁ flcidsBE hERJuPtA Er}ﬁenc@dl{ mb%c‘éoéllrﬁéh @Ranges,

renmoval resu "% "Shown I n show ng

t medifiegdigh end M@naﬂbméai fail with thesspirit andbgroap rthemppented gaims.
of a corrosion inhibiting conpound, such as catechol,
in the conpositions of this invention. 15 Table 10
Exanpl e % % % pH Al um num Ash resi due No. phosphite
NH4OH cat echol corrosion renmoval 41 2.5 0.7 0 3.2 1
10 42 2.50.7 33.20 10 43 2.50.302.23 10 44
2.50.332.11 10 16 WD 2005/019939
PCT/ US2004/ 024153 [0030] Wile the invention has been
descri bed herein with reference to the specific
enbodi nents thereof, it wll be appreciated that
changes, nodification and variations can be nade
wi t hout departing fromthe spirit and scope of the
i nventive

- 17 -
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concept disclosed herein. Accordingly, it is intended
to enbrace all such changes, 5 nodification and
variations that fall with the spirit and scope of the
appended clainms. - 17 W claim 1. An aqueous

W ﬁ bosi tion for cleaning mcroel ectronic substrates

e * mnimsing al um nium corrosion, the conposition

conprising (1) water and at least 5 one of (a)
amoni um hydr ophosphite, (b) ammoni um phosphate, or

1. ( An hggoedies pbampesitiond for ¢dkasiphormireelediramd sobstrates and

. .ammonium.salt. 10, 2. aqueoys conposi tion.accordi ng
minif g 2L aIimcarERion 18 OSSO FOMBBRIE: (A avater and at least
one gfluat ernary ammoni um salt. 3. An aqueous conposition

according to claim 2, wherein the conposition 15
conprises tetraal kyl ammoni umions. 4. An agueous

c ition according,to claiml, conprising at | east
ogg})%%n%%%@aw}&ﬁw&? rgteand phosphorus acid and a
C gppamntbriemasicaphhie®drt he group consisting of a
t et ranmet hyl anmoni um hydr oxi de, tetraethyl anmoni um

hyel) By@arkiosphotus: acig o6 piiPspiTHE @eicthgiad ériaramonium sait.
t et rabut yl ammoni um hydr oxi de, cetyltrinmethyl anmoni um
hydr oxi de, and tetraethanol anmoni um hydroxi de. 5. An

2.  agueQttiec0sPesInbbsitioACSEETtting t® &ait M, lwhebsinethe tdaposition
conposition conprises hypophosphorus and phosphorous
compiiseg caaeraanoAMmaNiyarssli de. 25 6. An aqueous
conposition according to claim1, conprising
phosphorus acid and anmoni um hydr oxi de. 7. An aqueous
3. cdéuparjuebos ewmmpositiog dccardingote ciéint I wheesdi the composition
c) ai s, EO addi tionally conprising fluoride ions. 8.
Compmeﬁg%té%%l YlaBReRILf iI8ASaccording to any one of clai s
1-6, additionally

4, An aqueous composition according to claim 1, comprising at least one of
hypophosphorous and phosphorus acid and a compound selected from the group
consisting of a tetramethylammonium hydroxide, tetraethylammonium hydroxide,
tetrapropylammonium hydroxide, tetrabutylammonium hydroxide,

cetyltrimethylammonium hydroxide, and tetraethanolammonium hydroxide.

5. An aqueous composition according to claim 1, wherein the composition

comprises hypophosphorus and phosphorous acid and ammonium hydroxide.

6. An aqueous composition according to claim 1, comprising phosphorus acid
and ammonium hydroxide.

7. An aqueous composition according to any one of the preceding claims,
additionally comprising fluoride ions.

8. An aqueous composition according to any one of claims 1-6, additionally
comprising hydrogen fluoride.

18
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conprising hydrogen fluoride. 18 9. An aqueous
conposition according to any one of the preceding
clainms, additionally conprising ay |east one further
conmponent selected fromthe group consisting of an
organi c solvent and an oxidizing agent. 5 10. An
aqueous conposition according to claim9, wherein the
or ' eV hsitinse OR&H 3t i
9 o s SBpCSoRC aECBihg) AR Pr B RNECPRISUIRY claims,
additipmallgl cathpusiag ady deastl e@e furthef icdmponent Iselgcted from the group
ropyl --2-pyrrol id i none, 1-hydroxyethyl-2-
consisSRB i QBB IcAanta an RIS BITR by “sul f oxi de,
at et rahydr ot hi ophene-1, 1-dioxide, 10
di met hyl acet am de and di net hyl f or mam de and t he
10. oxAniegueguagentpasitionehcaoraingftoaiaim Bewhewip tbe wsganic isglvent is

hydr og per.oxi de sul f gtes, perphos t es
seledlid o XtirR e I ochrBRiings of: DyedtBLERERRIANSRe. 1-methyi-o-
pyrrotiifiong] t HasthIcZ-plErolidinbAe C| fipidA-2-piresiRiifordle 1-hydroxyethyl-2-
conposition 15 conprises both an organic solvent and
pyrrofiginegi @i diptkyl sf&ane, dimethyh sutﬁ%de,sa@gﬁbwéwqtml@nhene-1, 1-dioxide,

_ . P . . e s i
cmeffiacfd ot BN ot BB T4 ahloB ARBpSRUeH opoted rom
the ged@p boAsisting af hydvegehpdrogidexpeistlifa@s, pefshosbhates, hyposulfites,
hydr ogen peroxi de. 14. An aqueous conposition
hypoﬁ%'@&?ﬁﬁ-ng to any one of the preceding clains,
additionally conprising at |east one further conponent
sel ected fromthe group 25 consisting of surfactants,
11. cdn aaEjueous nbomposition aactomdingl toc atgiine Dpgvisageint the Idomposition
An agqueous conposition according.to clagim114, wherein
compriae3 Rt 88 ARG aB ANd A BrAYIg 288 chol . 30 16, An
aqueous conposition according to claim1, conprising
fromabout 1.8 to about 6.0 wt % anmoni um
12. hyypophospls tempasitioni acoopding fbidam 8r whersmihe argamic sblvent is
| bolth, and about 89 to about 98 wt % water based on the
gyce\ﬁgrght of the conposition. 19

13.  An aqueous composition according to claim 9 or 12, wherein the oxidising
agent is hydrogen peroxide.

14.  An aqueous composition according to any one of the preceding claims,
additionally comprising at least one further component selected from the group
consisting of surfactants, corrosion inhibitors and metal complexing agents.

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

comprises catechol.
16.  An aqueous composition according to claim 1, comprising from about 1.8 to

about 6.0 wit% ammonium hypophosphite, ammonium phosphite, or a combination of
both, and about 89 to about 98 wt% water based on the weight of the composition.
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17. An aqueous conposition according to claim 16,
additionally conprising about 100 ppm fluoride ions.
5 18. An aqueous conposition according to claim 17,
additionally conprising glycerol. 19. An aqueous
conposition according to claim 18, additionally
conprising hydrogen peroxide. 10 20. An aqueous

17. COAW%U bt%‘c@ ﬁfoﬂ%é&rﬁh@'t@&aqm YEeadditiondlfy comprising about

ycero sen In theconposition i n an-anpunt

100 ppmafhmmdeiﬁnsw% of the conposi t| on and the hydrogen
peroxide is present in the conposition in an anount of
about 0.6 wt% of the conposition. 15 21. A process

18. T O&n CAQASHURY RMP IR %bbﬂﬂh fi)ubﬁdlﬁﬁtﬁ’ V‘hééﬁﬂéﬁally comprising
produci ng any substantial netal corrosion, the

glycergbst rat e cont ai ni ng phot oresi st pol yneric materi al
and/ or residues and a netal, the process conprising
contacting the substrate with a cleani ng conposition

19. of AmnyquasissOfcohlpositiceC &IECBEHIRG o RIdiRr 18, t hdditionally comprising

sufficient to clean 20 the substrate. 20
hydrogen peroxide.

20. An agueous composition according to claim 19, 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.

21. A process for cleaning a microelectronic substrate without producing any
substantial metal corrosion, the substrate containing photoresistpolymeric material
and/or residues and a metal, the process comprising contacting the substrate with a
cleaning composition of any one of the preceding claims for a time sufficient to clean

the substrate.
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