;e3de[ | XA6(T| >M-? ~ MAR 2C03 Strippirig and C eani ng Conpositions 5 R
Field of the Invention The present invention relates to stripping éhﬁ MAR'ﬂma
cl eani ng conpositions containing novel corrosion inhibitors. Mre
particularly, there is provided aliphatic dicarboxyliC acid 10 conpounds

whi ch are useful. as corrosion inhibitors in both acidic conpositions which
are free of oxidizing & iagdahd st eatingp Congoatdialeani ng conpositions,
particularly for renoval of photoresists and residues fromsubstrates, .. ..
During Aanufacture of sem conductors and sem conductor ' 15 mcrocircuits,

it is frequently necessary to coat the substrates From which the
seniconduc@ﬁﬁééﬁ@ﬁ_ﬁﬁﬁLBEﬂﬂﬁﬂﬁﬂk are manufactured with a polyneric organic
film generally referred to.asr%?photo esi st a_subs agfe whi ch fornms

e.qg..
an etch resist nPERPEDT 1 TEERG PR TeTAERR ?ﬂuﬂ%%#ﬁﬁlgﬁsaﬁ REUEEY to
protect selected.areas o the surfac f the substrate. Lle et chant
sel ecti vel fowgégéof‘ﬁec?fﬁ%ﬁl&lé},gt gaggge%é%]?o%#% tsll%lg&stg %g%gé ) Th%‘p%ubst rate ie
typically jols i |, OXi k J3d ; Al N
e al o) e e ey B T e e e 0 e,
Fol | owhbg GRifploahEsNwRich Nertuddirnd aBetE+ad Y aiNd nhabht 88 avRYodthh t he
residual etchant, it is necessary that the resist be renoved fromthe
pr ot ect i ve aidfiac eotipopkt ivris eddeht bak free ifi nxidpelagi agentd tand
desirable to develop an inproved 30 stripping conposition to renove the
organi ¢ pohasici stripping-and <clarniggRcompraitbdcas) r parhicebarly ifRsr gani c
substrate wi thout corroding, dissolving or dulling the metal circuitry yr
cheni cal | y ZEO¥RLnGE t HaotRFeaislshanRaresiPpies SFam) SHREE 324 corrosi on

i nhi bitor additiwves for 5 photoresi st strippers are aronati c ¢conpounds such
as phenol derivEFFgﬁg,mE%¥ re ﬁfréﬁﬂ??ﬂﬁ,uiﬁﬂﬁ% énacFSTlﬁﬂﬂg? T i ke,

whi ¢h noQt. 1.0t.a) or 1 inhibiiion, | g?gp i LLops,..containing nere
t han Zggpeﬁgﬁh%gﬁm&t%ht{tg]&'sa/a%ﬁggpggg%%cﬁ%ﬁ%f reél %ér)ngﬁu%?%nd al um num
and copper 4@:3¢RebsatASn JIRWEYehe BbAleRHRILSTANLAA! mi BREQVAS Ihe Cl eaning
of the substrate to renove inorganic residue. Phenois and hydroxyphenol s
are weak aqirdsmahhehceepsdivintt @ polgnbiidc wrgatichfalpH goserslahout . 9,
form ng nono- and di-anions which can chelate with netal cations

referred to as a photoresist, e.g., a substance which forms

an etch resist upon exposure to light. These photoresists
20 are used to protect selected areap of the surface of the
substrate, while the etchant selectively attacks the
unprotected area of the substrate.
The substrate is typically a silicon dioxide coated
silicon wafer and may alseo contain metallic microcircuitry,
25 such as aluminum or alloys, on the surface, Following
completion of the etching operation and washing away of the
residual etchant, it is necassary that the resist be removed
from the protective surface to permit essential finishing
cperationsg. It is desirable to develop an improved

30 stripping composition to remove the organic polymeric
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~.5 formng five, six and seven nenbered rings. Since they do not
deprotonate at | ower pH values) they do not provide adequate corro’aﬁrMAR 2003
protection in stripping and/or cleaning with pH val ues bel ow about 9. U. S.

Patent no. s%lhﬁé%?‘a%glﬂr?mgrgca% %Eo%%aKinQ@JtpPe{t%t GchgLe! n by reference,

discloses a p oresi’s ripping conposition-conprising a basic am ne, a
pol ar solv Y4 ndn BRREHid j [ h 101 4 an
alkanolaniﬁgh%nd ggbig$%%?% %%%ﬁ%tﬁ%?“ﬁ%%egﬁﬁ?ﬁﬁ%?bﬁgFﬁgqgfg ﬁ%t di scl osed
as inhibi t drfemidalUySalbat ehid ttH¥0 wa¥e294ud2Ordte VArd which is herein

i ncorpozated by reference discloses a. stripping conposition free of

hydr oxyl am ne Cerresendiywised mapel sogxressent Lihibi wafr mddietrasofem ne and
wat er together with aromatic 2 2 5 MAR ~~0~ corrosion inhibitors_ U S.
Pat ent Bla. FhcE@Ee8d st Gt niprET sMareh aromael @i conprmdsosatbdabypherdal ence,

di scl oses organic stripping conpositions which. can be used with the
corrosi on de¥iNptévess erteeholpr eyapgal hebntdaiicuagidpaerdt the. 4, 61.7, 2S1
to Sizenskry}',s,1 whi&ﬂ,is herei n i ncorporated by reference, discloses stripping
conposi ti ondken YRR FRAPNMBAESE BPETPRIGH 1ta®@BniPon can be
utilized. 10 _U. S. Paten s, .5, 334, 332 an 205, 771.to Lee, _which are
herein, i n&?ﬂ?ggéf‘ éﬁ%‘%y‘g?‘@?%?el#@e%"aﬁs o) gZéa(ffgg&g%aﬁg 8?@5%" c°1!st ripping
conpositio nt al.Ri r |36 i j iR Rj of the
brosent | neaseroneshetfalH U e3Undim, e el a9’ BobBeS O nd
5,698, B3 HabWardtes . al gowkied) HighhRaLER dditUHRONALedvVEY £REerence,

di scl ose acidic stripping conposition in which the presently clai ned
corrosion iclleahihgr of celte haupstidareede Retdve adinoaya®c9863i@ud5 of EKC
Technol ogy, Inc. 20 discloses a conposition for renoval of chem cal

resi dues from mhahelsrand diyairtaxyphenel acaese oredkomcdkdenivhathmechani ca

pol i shing of copper in an aqueous solution having a pH between 3.5 and 7
whi ch cont &eRpsoRCRBRS-1n gfelusdonsi vikkt2 wilabavgarkeuhcPd Eerdminduf f eri ng

anount of an 25 amn hydr oxyl ani ne or hydrazi ne_conpound. These

conposi ti oﬁ’Enﬁ’_c')nf‘g% ng%ﬁ‘}d/’r%sné’k‘&ggnfg? ‘Fkigliast_,e f"PréF‘eF‘gE%_} FREHIRE desirabl e
or onvitonfokTafB PR MR B theiicrel ciRe8 e o i G are
bi odegradablee. abprbfoddid ARl pul Pa UMY eyt BLPRLAGLSQURAST LI Ons that
are - - .~ _ suﬁstaptially non-fTanmabl e’ non-corrosive, evidence

rel atively adegla€e ! X Fbddor ProvEBOSoRSINIHridpiRgl B3 PoLWidBtHRNt al |y
conpatible. In addition, it would be desirabl é to provide photoreési st
strippi ng ewaghopitvahsed aildwawboat he gh degree of stripping efficacy,

particularly at |ower tenperatures than generally required with prior
stri ppi ng conpo¥i&i ofatent no. 5,496,491 to Ward, which is

20 incorporated herein by reference, discloses a photoresist
stripping composition comprising a basic amine, a polar
solvent and an inhibitor which is the reaction product of an
alkanolamine and a bicyclic compound. However, aliphatic are
not disclosed as inhibitors.

25 U.8. Patent No. 5,897,420 to Ward which is herein
incorporated by reference discloses a stripping compesiticn
free of hydroxylamine compounds which consists essentially

of monocethanolamine and water together with aromatic



to It is also highly desirable that photoresist stripping conpositions be
provi ded that exhibit substantially no corrosive effects on the subsErSatj\mR 2003
It is further desirable to provide a stripping and cl eani ng conposition

with a hiqgﬁﬁg&ggncgﬁﬁfggﬁéi?ﬁw to 15 efficiently renove inorganic residue.

Summary of ™ The invention present invention relates to basic and acidic

stripping and/ ¢ sCl paPReRE KONPPSIdH, 229 e8Nkakd) Rghi®hJaRi Bepoimr solvents
havi ng i nproved corrosion inhibition and a 20 | ower etch rate. More .. - - _

parti cul arjinsarbbeated Shprevfaiethceqr B28EDPadf djandes steippdeg i n eit her
acidic or basic stripping and/or cl eaning conpositions containing an

or gani ¢ p@onipostlkyvens . whiteiorairn ey nseliewkth stipr @virdtedian mhhjihatoms 25

di carboxylic acid inhibitor of the general formula: HOOc R-COOH wherein R
i s an &l kyf gheuprefent inverfdienat ons, an al kyl ene group of 1-3 carbon
atons, a hydroxyal kyl gro%g of 1-3 4 2 ~ MAR LOO3 carbon atons, or a

di hydr oxyal kyl Fouéaﬁﬁnﬁ,i%-dbﬁﬁgnzﬁﬁoﬁﬁ,S%ﬁeﬁﬁkgVaHhﬁﬂFiH%éﬁf?ﬁ%%xﬁ in a
Corrosi on i nhi bitoz L ef fegti ve anount.. Advant ageously, the

Stri ppi ng RETBPEARFAGOY GHRRRTTCss SRS EhATET 1T G4 EP SRS A AT RORT E-OM nes

i ncl udi ng . | g, n ; leC . Ll QRS e invention
are parti clg?lgﬁrﬁéxugg% ufxﬁ?%ézt?og}%‘é}ﬁnaﬂg {%t,f‘eezgc?gggég%ygeg%u%{ on
substrat eg;-ihtizkd@ @ general object of the invention to provide a to

corrosion 1 nhibitor which can be used in basic or acidic stripping and
cl eanh§g conpog. ki opstent Ns anOtiRgr 39p) &6d D2 g7inventee) Wil ovi de a

corrosion inhibitor for stripping conpositions for photoresiscs which
mai nt ai N areaherpiablimcdrpetateld der kefenendsy idilkichbkeocaquecidanad esence of
hi gh | evel s of water.

organic stripping compositions containing hydroxylamines in

which the inhibitors of the present invention can be

utilized.

15 U.S. Patent Nos. 5,571,447 and 5,698,503 to Ward et al,
which are herein incorporated by reference, disclose acidic
stripping compesition in which the presently claimed
corrosion iphibitors can be utilized.

| Publication WO 98/36045 of ERC Technology, Inc.

20 discloses a compogition for removal of chemical residues
from metal or dielectric surfaces or for chemical mechanical
pelishing of copper in an aqueous solution having a pH
between 2.5 and 7 which contains a mono-, di- or
trifunctional organic acid and a buffering amount of an

25 amine, hydroxylamine or hydrazine compound. These
compositions contain oxidizing agents. It is, therefore,

highly desirable to provide stripping compositions that

exhiblt substantially little human or environmental



It is a Further object of the invention to provide an aqueous strip@ EgMﬁRdzm
cl eani ng conposition for alum num and copper substrates which have a hi
stripping and cleaning efficacy. 20 It is still a further object of the
invention to.prpvide carrosion_ inhibitors for .sem- S ot.Qr esi st

stri ppi ng t@ﬁ‘ﬁgﬂ)gh i TR WihTh T3P glgg sa%é(paerﬁsib&éggﬁﬁggﬁf% f gfc]:t il\%e at | ow
concentratj,ans j DESE Rl i W Pg i Dokl Grnale SHIQWS an _
al um num ;a%ggcgsgé#%%rrosiﬁg% ilﬁﬁl %ﬁ%‘%’gﬂ C e%éy %ﬁ% ve% at So degr.ees-C _
for mal oniggraekdr i M1 RMUEISRHRER0E | NeordedirQusd9et! 8@Ens®! ution. Fig. 2
A-D and SEM s show ng stri pper/cleaner 5 2 ~ BAR 2003 perfornance on Via
waf ers w gldlanicblphaiticl anedxaeeipt t6 hiddy #ezwell as being . Description
O The Preferred Enbodi nents According to the present invention there is
provi ded enndvehmemtedlys-campatdhibitors for use in aqueous stripping and/ or
cl eani ng corstpositions used in the sem conductor industry. More

particul arly, Ehea@gdetion, jithwouldrbe gdesimmbles€o RXa¥id®ec stri ppi ng and/ or
cl eani ng conBositions ~rhich are free of oxidants and jin basic stripping
and cl eanPRECRFEREMHCWHIRAIES FREPPFIF I ASRE PRYS| HVRIEYR sleax®@ Al i phatic
di car boxyl i.c _compounds of., the general fornul a:.HOOC R COOH wherein Ris an
al kyl groQb Bgrgg%lﬁrﬁfc&cgm?aﬁél%ﬁwlgng%g}8ﬁﬁro?eq9?%téﬁxﬁ(§n atons, a
hydr oxyal g fa - n : dr i R of . The
inhibitorgﬁé? é%&gﬁﬁg&%ﬁéﬁﬁgﬁgﬁ _g@gqgkéﬁﬁg%gggﬁgg%a§é 6%%? %%%é than 3. 4.
The pigferred iphidid i mifgHeabayLatl O e pRBEBRLELSE! shri TR C
anhydri de, fumaric acid) fumaric anhydride) malefic acid, naléfi

anhydri decofipbs Lt bendl beandovabied ety Hali®it2aubBtsRSiANLy ffd bitors in an
anount of up tv about 15% by wei ght can be added to the stripping

conposi ti cnsropied exffidiars ohethahsithatmateoncentration is fromabout 2 to e%
by wei ght, and_nost preferably, about 5% by weight. The aliphatic

bi functional a&Fd&s then degakghie dea POVEASy RdBLEERRPHY r ot ecti on by

hysasorbt{on and/or chelation simlar .to the nechani sm for phenol
ge¥ivativggganfng compoéigion witﬁ a ﬁigh water content so as é%

15 efficiently remove inorganic residue.

Summary Of The Invention

The present invention relateg to basic and acidic
stripping and/or cleaning compositions containing organic
polar solvents having improved corrosion inhibition and a

20 lower etch rate. More particularly, there is provided
corrosion inhibitors for use in either acidic or basic
stripping and/or cleaning compositions containing an organic
polar solvent.

Accordingly, there is provided an aliphatic

25 dicarboxylic acid inhibitor of the general formula: HOOC-
R-COOH
wherein R is an alkyl group of 1-3 carbon atoms, an alkylene

group of 1-3 carbon atoms, a hydroxyalkyl group of 1-3



The di anivns of these inhibitors can ehelate with netal cations and ﬁrﬁAR o
stable five, six and seven nenbered rings. 6 2 5 MaR 2Zv~3 The snal Ifer * 2003
nol ecul ar size of aliphatic acids allows denser surface coverage.. .

_ . The use of anhydrides._in.basic,, sem--aqueous.solvuent hlends Wil
resul t i nREPARL ?B‘Ff“%f‘“ﬁ e oY droxra Ly .91"5’“'?h8%ow§3mc%r%%rf aarq:o 'vent s
touch a broad, range of. cla Lnel udi N-di yl am des, N-al kyl -
| act ans, Pﬁcgaﬁi %%?Yg?e{‘-ﬁ%%g%?g?sl%fa e yl{ges%ggg?g%%&é?ﬁgrs, acetate.- -~ .
esters of | ethers, aliphatic am des, GycXi c aliphatic

sul f ones, eggggt}/é@%ﬁaﬂ% asic acids, cyclic to ketones, sulfoxides, ether

al cohol e and npa{ahesyddieNgof thad¥epigeaiisng cusahihgsebwesitidcie ude

di met hyl sul f oxi de,@%N-di Xt hyl acet am de, N-nethyl- 2-pyrrolidi none,

y- but y5 ol aehoaty waonhamehdastar sninds acetlatidngnbyybxplatinegagpane)

al i phatic am des, cyclic heterocyclics) 15 di nethyl adipate, dinetyl

gl ut ar at epasétcrpydr of uryl al eohoJ., and the like. The al kanol am nes
suitable for use in the present invention are nmiscible with the

hydr oxyl ani ne Ehel eemPeRidrianghp§ Ghe ckoeRiisme aXRIBREEEFAI2TAY t he

al kanol am nes 20 _useful in thegEr esent i nventi onﬁgr efez~ahly have

rel ati ~r eP§FeRPGhEPHiTMAY L9G RPSLOERRIPLE 76 TERAANFE PRS §3¢. ox
above) and a high,flash point,,.such as f.or .ex e 45 degree . or above.
sui tabl e al kangga?ﬁ ziéerg?’eariplpmﬁgg,oie%%&élrv%rﬁgl;ofleg?igfé%a‘fﬁ n%es and are
pref bl ] a2 amt pes I gusnes, nysef erably
m)no::[m@neé?ggﬁe a kr&g%&h&gro %lugﬁ(si?ﬁjt%%ﬂ ak;n%r r‘f%rsg dp?éf ??ggfy(g%?su?{ltgo 5 carbon
atons. PrgtelpsingldmnQidaniey sompediteidry, use in the present 7 2 5 MAR
2D3 i nvention can be represented by the chem cal fornula RzRz- N CHaCHa- O R3
wherei n R andifaisasndathdy) obhidct of ~the inventhdSHzoopr&rbddizOH and R3 is
CH2CHz OH. Exarrpjl.es of suitabl e al kanol am nes incl ude gfm)noet hanol am ne)

di et hanol epruesicon i gthididicanitar, steipping spmpodiibiaasofemi ne

i sopr opanolbagi ne,iéﬁzﬁa;lmhr}%%pr nggpl , 3- %Aé;grggggflﬁ ir%)r%%ggl am ne,

z- am no- 2PtReRyes W, TRLBRRAD-3 & p : | sol vent s
el U ctRpHBRELGR yichiohec EFPPEREe Py dorataeye Lat REr et hyl ene gl ycol |

i ncl e I I t her’ t hyl ene gl ycol

al kyl ether, t 'e% hyl epetqll cgé gl gyl eékper.,nv%r 9%116 g |,§(&,?4Q oy opyl ene

gl ycol al kyl eH‘ne e E_‘di p“l’ropﬁ\éen ngyc%? aﬁ<y’1 ther, Fri%ﬁopy ené gl ycol

al kyl et hé&beé\hé%ﬁ}dﬂ(ﬁﬂt&% alzé E?ééﬁiﬂf%po%&'ﬂ%ﬁnfgf%ﬂdﬁnﬂﬂgnd

et hyl enetri"am ne. Adc al polar solvent's as known in the art can also be
used in tbeperPahdtitedf whiehPh2SENE HIBILREYPpihd drfd WikRnihgod that the
inhibitor utili2ed in the present conpositions depends vn whether the
conpositi efifiaaey20 acidic or basic stripping and cl eani ng conpositzon9
The

20 It is still a further object of the invention to
provide corrosion inhibitors for semi-agueous photoresist
stripping compositions which are less expensive and are
effective at low concentrations. |

Brief Description Of The Drawings

25 Fig, 1 shows an aluminum and copper corrosion
inhibition efficiency curves at 50 degrees C for malonic
acid in DMAC/water/choline hydroxide cleaner solution.

Fig. 2 A-D and SEM's showing stripper/cleaner



anhydrides ax's utilized in the acidic conpositions. Mreover, both 2He MAR 2003
anhydri des and the aliphatic dicarboxylic acid inhibitors are not utilized

in acidic conpositions containing an oxidi zi ng Conpound, for exanple,

hydroxyl am ne 25 in an acidic nmedium, The canposi.tionsg of the invention are
especi al | PEESQF’B?"%?@CP“ a‘ék-ar W&ﬁ@oﬁg}ﬂf‘o"’fn r‘?ﬁﬁ%&%cr 8RS oM Wheify which may

be nenti ons%.%@g&‘__gl | ow ng. The stripping conpositions are s 2 5 MAC 2~0

wat er ni séPBFE"Ronh~corr 6si ve, -non-fl anmabl e and of | ow t oxi ci ty to humans .

and_t he epWLEPOOEN, BECRIS DrfretPEd! BMbodimerits - anbient ~rapor pzessuxe
of the COWWWEW%WF‘W%W | ess evaporation than
prior conposit heBsradiMly Xt tthePrekRae! i Neerilibre thieren R NpadbYiaednpat i bl e.
The conpositions may be recycled for nmultiple use or easzly disposed of in
an envsr ongesl atbyrssien nathidl tershdotr dde inceeasebuy Soxippimensone safety
precautions. Likew se, a portion of the stripped coatings nmay be readily
renoved asntgozsotlesningl ccoipioedtadns oxseshshn dihepgsmicomfiectsaT i ppi ng

eonposi tivns of this invention evidence higher stripping efficiency at

| oner tenmpBfEELFYs f¥RTS PRATEE CHARFEYy Bie dBESeR§s 1§§élb§¥fb§‘i rarse£oTMOr eover

the stripping,conposjtions are easily prepared by sinply m xing.the 15
conponent $5&t ”Flogg’r R e AR %ﬂs‘ﬂr -n,gecﬁgpggggil 8 or

envi ronment al _saf et re tions. .Furt hernor t. ent f the

stri ppi ngaESrrf)S_%?t?%n%Jb‘fa%{tﬁ'ﬁ ?nlan%;l}f?"?olnc %%ggfpgéggy%gggﬁ?g?%ﬁjﬁo ri pping
act | 0ffo AnREEE E14:5ad1 IoheANdnInbELARIA!dNe GoBLELEnT 27D R igHarq0al | NS
from substrates. J20 he process of the invention Is carried out by

cont acti ngijdasbbRyl it conptiudidel BY e Gididtal Forfial Orgmue-GR-LYopNer,

i norgani c salt, oxide, hydroxide or conplex or conbination thereof as a
filmor rehedatn Kels gan sildglabroppl gfrer- 3y S4Rbpn atbdihs | hen desoliened
stripping conposition. 25 The actual conditions) e.g., tenperature, tine,
etc., depgmdupnof hk-hatarbenamationhi cknayBiraxyalky lcarpepxof phét or esi st and/ or
SWP) material to be renoved, as well as ether factors famliar to those

skilled i RaFhenaatonsn QR fdeapnhydrides therepdy %8S Labipiarg ofhe
substrate_js contacted_ or di edi'nto a vgs el caontai ni.ng- hg stripping
conpost t | SRCatPYFREIR f1AVe PRe values equa n%%r%‘? &sB ;'frhé‘?’e aBl'y between 25
- B0 degrees Grul 0 8 REIILLAp30GUL de 10dTiANLES R0t Dap pgShed Wi th

wat ez~. 5 RepréesentallvVve organi ¢ polymeri ¢ materialS"incd.ude positive

phot oresi gk$q, GhLLEA QN RBAB188), SEShartd WEilSS Eikdrié OfnRBMJLSI sts, and
the like. Specific exanplés of organic polyneric material’s include positive
resists ceataidi agidhanildier anhgabyde, mealirs a@idpoayd (faldk vi nyl phenol ),

pol ynmet hyl met hacryl at e-contai ning resists) and the |ike. Exanples of plasm
processi ngnhpdtrikdes side wall polynmers (SW) include anbng ot hers,

met al - organi ¢ conpl exes and/or inorganic salts, o-~cides, hydroxides or

conpl #Xes whi cROFTRPEFn | iRhiditozsi dbean anndt SfoHe bR abeordi*hdyi on 15

with the organic polynmer. resins of a photoresist. th
wegght céh ﬁg ad&éd to the stéﬁpping compos&tfbns.

Preferably, the inhibitor concentration is from about 2 to
8% by weight, and most preferably, about 5% by weight,
The aliphatic bifunctional acids and their anhydrides
25 provide corrosion protection by physasorbtion and/or
chelation similar to the mechanism for phencl derivatives.
The dianions of these inhibitors can chelate with metal

cations and form stable five, six and seven membered rings.



organic materials and/or S~TP can be renoved from conventi onal substigtﬁz .
known to those skilled in the art, such as silicon, silicon dioxide, R 2333
al umi num al um num al | oys, copper, copper alloys, etc. ZO Exanpl es

illustrati th f ti f ., Sub [
condi {1 on P8 ERRLLER | HEtP Tt 87 2Bc By LS 148 PR Ao~ YDA D ovi ded

to further,i t invention and are not intended to lim-.t the
scope of ﬁ%‘gkégéséﬁ‘?&fﬁ%ﬁu on- 25 The anounts indicated axe in percent- by _

wei ght of conpegkt 4188- o d 18eBN1ACHE £c SlddniPbfle808 §bBAENIY
conposition having io ~' .~aR 20~~ 5 is controlled dielectric etch
capabi | i t ieends wOIDefedyltadsi fopgat hen fol Ithe Rgidngisdéenis:

I ngr edi ent W ¥OMACS57, 5Mal efi ¢ Anhydri de8. OAmoni um Fl uori de (409% 2. 5Aceti c
Aci d125 0Ammoni Theacegantd hwat ecdwent ¢ 00owth Ehérosdpvengs opf has a pH
between 4 and 5. Exanple 2 ZO 25 30 An experinent was zv.n to determne the
quant i t at iclasses; osioinditg B, N-6hakyisBrannylagddass oN-al ki num and copper
at 50 degrees C. Metal etch rates were determ ned using a Veeco FPP5000

el ect ri cal3skame, syaTEHOEWACR AR PR TES G rHhYLPRR ThYekh &&dsM8r ough
resistivity nmeasurenents,_and bhanket netal Filns og silicon m@{ﬁer s) All

test waf ePSeEBREATRERES RfoRIGPYLRBE ngtY Ry FEhenger ALPRETH RS fi1m o«

is a quantjtativ y f ef j Lh r Qsj i nhi bitor
and var oEVFTER SAIRRRLT S cbiler EEk A Ml Mo LB Y "C 0%
denot go eNfRAREEEs C O Dfd:0MBed DSt hbl KET dotdiies od REkeases apladidity of the.
chelation groduct in the sol~rente tested. The ozder for increasing

corrosi onadpahbagesns Iy, Wefilnesl ok £ Qrdiudel Bimethyl heulfaxigesr / cl eaner
sol ution Conprised of dinmethly acetam de (DMAC), water, and 45% ehol i ne
hydr oxi de N( ¥ @inét Byl S tmiide;, S-kexrbylat2gysirotigynogal | 07. ethyl ga~.late
c gallic acid = benzoic acid < phthalic acid/anhydride. The fact that
benzoi ¢ agrlutyrndapionehe isopborent cBtbitad acqtate, mapPa¥l-0~~ gallic acid
i ndi cates that the carboxylic acid gré)%% is i.nvolved in corrosion

I

i nhi bi t i oACeFREYPELR NG5t ldphgt1ic aml |¥cd 19 HeRSToPYRViSR the same

| evel _of cqorrosion inhibitign as.gallic acid, also,indigcat that the

car bokgl i glgegg?’g %‘#’(Rﬂ)tﬁ’s dﬁg‘sggb gio‘r‘“rﬁaqjiermﬁ]eé‘o"??%‘g’F%ﬁ“W i bition. Wen
only phen '11:8 gxgxm &[eoq gal € available (i,e., catechol, pyrogallol, and
et hyl gal I'at e? a lower Tevel. of corrosion inhibition was achi eved. The

mal oni ¢ aci d ofther ethcA AP MYi@fbsC UL PSHDA #Widyel HaNthE. Sresdtdd a larder r or
a lower etch 10 rate) than catechol at a concentration of -.0.09Min the

sanme sem {agdfbicn aid impiiblecabeh Siod tgriroxglienine | ik etke 1 W % mal oni ¢
aci d provided better corrosion inhibition for alum numand copper than 5
w$ of 8- EOpfemskblhoratermsodablel, Additicnadily, bbezallkanelanimed
benzotri azvl e. ) .
20 useful in the present invention preferably have relatively
high boiling points, such as for example 100 degrees C. or
above, and a high flash point, such as for example 45
degrees C. or above. Suitable alkanclamines are primary,
secondary or tertiary amines and are preferably monocamines,
25 diamines or triamines, and, most preferably monoamines. The
alkanol group of the amines preferably has 1 to S carbon
atoms,

Preferred alkanolamines suitable for use in the present



15 Figure 1 contains alum num and copper corrosion inhibition efficp % an
curves at 50 degrees C for maloni C acid in a DVMAC/ wat er/ chol i ne hydr oxi <603
stripper/cleaner solution. The concentrations of malonic acid were vs,ried
fromO to.0.096M_An e trqrgil [ ' (L5t eRS¥mYs observed for 20
copper coﬁf‘ggf‘gho?n?ﬁ‘rbi S on é"ﬁagg‘@%‘gré a%aéd&%%';%%r egse In efficiency was

observed fop 3 pl AUTECRL A8, 4 RY Did igneas bdezcaagentration of mal onic

acid was I hcreased. At a nalonre acid concentration of 0_096M the .- -
corrosi on bt bickl en,@f,blcanenky iwasHx§HMKf or both al um num a. nd copper. ~5
The results are shown in Table 1. 12 Table 1 Corrosion |Inhibitor

Ef ficiency (r)Eesémpleslagt ensit@Ghller alkamoibantnes LimelDdelAC/ | ~aQl Chol i ne
Hydroxi de Matrix 5 |nhibitor~" WKaConc. ~MrA (~)rca (s)Conc. (MrAl

(s) r ~(8) SmbfhdbRand Darideh0-ddeTbagaddtna attatieshanodagB0: 091507D0. 4S98- 10410
Pyrogal | ol 126-9. 800. 07950330. 4099. 826. Gal | i c ,

Aci d1704. tegtdsopey hbioghanodaniae r 1 SORAPRIS) amdneg4] 03BFAAI0033Mal oni ¢
Aci d1D42. 830. 096]?9850. 4899. 874Funmarjc Aci A%lGS 030. 0860930. 43_928_. 97015Mal ei C
Aci d176| . @30PARBY 7 SHTAUIRY 1983BPRORA) | 1R A0 2878 74807385 081 Aci dBenzoi

o .
Aci d1124. PSECHESERARRY: 4 75 3iAPAPRAR T SRR B56PRBBY 7850. 3009, 97820Aci d' I sop
ht hal i c1663. 54 Cl [ L 9n06R& 0890 RAHOBSAnhydr .
25FW and pKaweregﬁggg%z%%Ct%Q%gﬁé EQ(EE'%LMER;%EO s)e xn100: ~ah~é¥ci% a
quant j pat ikRpBBREIKIE ¥ tiHe pRekeati yevans i inbeuali bthglemangi ng From Oto

| 00_Etch ratesdeterm ned for blanket filnms w tha Veeco5000FFPf our

poi nt pr obgl13e6n| uétloyilseres glyeelwalkyhoeeidre stierhgiebatglycol3d'addydr rinse,
and 13~dry. 13f. '.cn' 3a 2 5 MAR 2DD3 What Is Clained Is- -- ~ 1. In
basi ¢ ande&beti ctsietqyliane sucolcabkng edgFosPrrpyilene FBRR4al of organic
and inorganic 5 materials, said conposition conprising. water, and an organic

pol ar sol PERPYleRe Fhyich @iyt ®RReR HRAGYLENEaFHYEShdYfYS on having an
ffecti t of i phati i i nhihit f th |

Formil o - ABBYR eormraaten suvel crlSrt Fhnee By aRBebhBbEaf 1 5 10 car bon
t - I [ i I b f 1-3 b
(0,52 GRSeSSahi ey SUBSLAL et BhghLe Buaagbon of 13 car b
CONposi t | ARy, ALSLT gon%r_ _1@‘eﬁ'«:@%a580i&m&!{‘2 ‘ ds, apd hpatcihea Byl i des are

utilized in acidic ositions. The conposition of claiml

conpri si ngisall kgaske admgosdtiohy ofet g ipadepit. idvedbtosonposition of claim
2 wherein said water content is about 30-95% by wei ght. 4. The conposition
of claim1 whelei hs sendedtaqthithiatothe sieibbdioed ukloheedieigrithg consisting
of malonic acid, fumaric acid, malefic acid and nalic acid. 5. The

conposi t i Present| evmpasiiians feppade oppdhatibexr theaePBPRS KPR iaFS nhi bi t or
is an_anhydride. 6. The conposi,tion of claim1 whereipn,the 25 conposition
s badPc SRACAEIPEGASH RERIBPLAG) SRR CELCAN o CEBRBOAT {PRR: of T8 ai m 1

.wherein sai ol ar solvent. .. i get am sic stripping and
cl eani ng gggfb’gﬁ%%naﬁ%%ﬁlsﬁszﬁg gﬁoﬁ%@ &ﬁ?ﬁgﬁgﬁgi%{ghaml am ne, about
18% by 14 — i 0 r ¥:Tpa) . i;ght water
and about "SFEBYEbl SRE o gz A1 GE g1pRReNt Sica oA

renoving 3c8asihhibfedFBre ¢! 81 SURSd raf AcGQAR! tehpds 8P Ng tc~ said

coated substrate a
containing an oxidizing compound, for example, hydroxylamine
25 in an acidic medium.
The compositions of the invention are especially useful

and advantagecus for numerous reasons ameong which may be

mentioned the following. The stripping compositions are



5 stripping and cxeaning effective anount of the conposition of cIaﬁH51NAR 2003
permtting said stripping conposition to reside on said coated substrate
for a stripping effective period of time snd renoving the coating from
said. substrate. lo. A process for remvi i 448 fgfomow coated to
substrat@a@égqmisﬂﬂn;eappbyrﬁ§r¥Qﬁ%¥ﬁ'dnEBa?gaﬁgu strate a stripping and
cl eaning effective anmount of _the coqﬂﬂ%j%kgg_ofggagmgnibf pemloWi ng sai d
stripp~. agxiehppdia mmans 28BS 1S Jf'sdi d coated subst ra"’tgigifor a stripping -
effective period of tinme and r i g:‘;ntiﬁs(i‘qabhggthepm gnc®ybstrate 15
11. A prambientcNaPQﬁnﬁﬁqiﬁuﬁecggﬂﬁkg froma coated substrate conprising
appl ying to said, coated §yQ@%@ﬁ&gtgcﬁtﬁﬂgﬁﬂpn;oandomP@%hW*@Pﬁa t~. ve
anount ofBubEEaRH 161 o aim3, permtting said stripping conposition
to reside on sai deggﬂ@g St shiatenhent sl rdammaigPeff ective period of ZO
ti me Bnda*&nBFPRE"The costing from said substrate. 124 B%gqg§s f or
renmd~ring a cqabl Rgm 5Qﬂtgbm@aquhBUMSCY@l%dd%ﬁ%ﬁﬁ% ﬁ& Spp ying to said
coated substrate a siripping and cl eani ng eftﬁftuﬁ%%ggaﬂgg Qi e
conpositiéggfgy gliapbuéd eerim tan ng”@EPﬁmg??? ﬁb nposition to reside 25
on said coated substrate for a strippi?gtefffggéegaodgeriQdk@&iﬁénﬁ and
removi ng ¢ dueuisisigyl Eom Bardenaqyst Fa LY 7PEE process for rempving a
coating froma coated. substrate, conpr.isi.ng.aPps Viduiilly samdvedased
substrateaapdftion~bf5tWRRBQEEPEﬁ4iﬁﬂﬁ ﬁéggngagleaning effective anount o the
conpos~t~on of claim7, perpittin i bEaPPi Mohe GpaEpingn to reside _
~...10 _sohidmi@%&&1&&%8?5%?&%%#1?& ri pping effecti ve_ggeri od of tine
and renoving the coati QM SGbck S EviidieceShigheA §FTOFE3BSf or renpvi ng
a coati ngCP‘F‘B‘Pr?"at’tﬂféﬁ eoggsts%gg}at e conprising applying to saifcéocoat ed
substr at eﬁgﬁsﬁt:{_%g%ryc _al.dmzc!t@agéf@nen‘éeddl\/@ #idanYepeih & nposi ti on of

i

claime, said stripping conposition to reside on said coated
SUbStratec‘;QEiﬂ?étéﬁchémtﬁfafceeti VORIV 09 §EEFRR™SAd renoving t hn
coating fromsard substrate. 16 . A9. A A A .A A A

AAL L
AL ALY. EAik (¥ &% Asszily prepared by gimply mixing the

R a>y"] %& upkfa\ W ca] ca] ca] ca] ca] ca] calcal.cal akCabCapediglal ca] cal cal
o oA ot ohEA 1] oo cal on] e shihdfs it I%%;?Lﬁ :i o] ot c: a] c: a)
al =?Kj op? wr mhc” ca] caj ca] cal,cal,c ! ca najmor | c:alc:a
ca] caj] cg] ctajgmaa:] oa] Ga}’}bﬁ?’é'a‘f%%ﬁ%]c ﬂ%&?&aﬁ%gﬁa ccg]?gc'a! *

iti ig i ion
components of the stripping compositions of this invent

i i i d
provide gynergistic stripping actlon and permit readily an

gubstantially complete removal of coatings from substrates.

20 The process of the invention is carried ocut by

substrate containing an organic or metal-

oxide, hydroxide or complex

contacting a

organic polymer, inorganic salt,

i i i 11
or combination thereof as a film or residue, (e.g. sidewa

polymer (SWP)), with the described stripping composition.

e.g., temperature, time, etc., depend

25 The actual conditions,

ist
on the nature and thickness of the complex (photoresls

5 ors
and/or SWP) material to be removed, as well as other fact

i or
familiar to those skilled in the art. In general, £



%&?FGYZz} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] 05]5%” ca
] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calcajcal):;e g h v x .; AR 2003
=i v}xsnid_Z]]]ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
] l vx@ 78BCo Y],

h] o] o] ool HPRFE] Phf R BERC S coai e Ok (SR rER) 8] cal ¢ AU
2l el cal cal gl Bonkafn el R Epglds Uesigls 2L £ o Bl Laboateal ool cal e

AR Iy{"LM"Kd
’? ]J,(égl C? %Sr\?/]r rmc"Y]h]Egg]Egla ca%g%ggfgg%ﬁkfs?]éfgg]cﬁ caﬁ]&]c'g]g]sga f:a] ca] cal cMa
] ca] ca] ca] qrdalic aFcaberd calicatalEed Cald ahehnwadhed with water.
p79| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] 6a] ¢ al] Repreaprtd cale agahta] palnarib) Kptérovllawinghlie] ca] calj c al]c

a] ca] ca] ca] ca].ca] ca] caé ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] c HEIEHVe photoresists,” electron beam resgists, X-ray resists,

LT V5] SA00R0 BB £ (1 W henY] 1) oa) gal cgl cal cal cal cal cal

ol oo ol ol papedt cpbrpenle akealeal £ 4eakar] el calvel el ggloal oal cal onal ca
’+le]++- K/ 000 koht k1 2bRg 2Hetiiebiah abiydd Gaksakcal Gisalgal cal cal cal cal cal c

au) c

a] ca] capcajviaytphendnUealynat ol nedinakyahea} solwalnakc ehsabea! eES5P666%4

7 7b7mr777798_88nD9: : ; ; <B<~<<<<<=$=3={vql fa\Wc

a] ca] ca] c*&heal g ca]) Bxagmpdlesapt ap badmea pratbeat tng codeddbes) s2dé cadlda) ca] c$al

c$a] ca] ca] ca] ca] ca] ¢ca] ca],cal 3=5=8=mr==>>>>G>Q@T>W-Z>>aBhBj BuBCDDEGHH"' HHHJJM
~ysni dMYI f ROKYTEEE) EHRalieaLLds caBca PERpES] CrgicH]-capenle aplexes

al cal cal calgahesl ealolicabeal 215l o £ al Al 6l ¢ P1Sa e

TXTTTUVUU Q. al cal.cal.cal cal.,cal ca] ca] ca]c
ai(ca] cal gg?l\gg%]\] cai c)alt 1?!a c% cfabi C {5]83?1% Lgajla%:ngﬁ 1?%] ]éna{:ff'(;%ﬂ’mJtJ’<Jln Jealeal
al VKAXXXX# X0 ¥h YENG Zdgke3eSpolymer resins of a photoresist. The

TXTTTUVUUUVIV W WNV-yt O] e F\/] ca] ca] ca] ca] ca] ca] ca] ca] ca] caTca] calcalca]ca]c
a] ca] cal] caFrgabl c atdtaiicibc ahéd fot)|vbalan] bé] edjovaldc &ker] ca 2; RfF HL10%a&& () -
s10%@& ()- S10%@& ()-10%@& ()- " y&lO%@& ()-:

' y&10%H#& Fpuvenphan) Bubstraret Inrodoko (fhes: skid@RE(inl tHou@k, () -

10%@& ()-10%@& ()-10%a& ()-S,. ! 10%R& ()-KjiK-Y. .

10%@& 8 - s@JL%oig %f%ﬁ%@élﬁn |é@1é?‘(1)é@/@z£7|(‘5m%ty@lwlmm,@ye) - @#O@
10940& () -] |

10%@8 8-‘5?’%&?&- TFPEF0s4 YY) - SHo@o@o@ =109 () - f 910%& () -, 510%& () -
ON i K3g" 10% | Sk drd@el0M Gkt 2 Ol & ()L-Sot Q% L& ()«

104 &'5% )-, :41l()og/‘?ffa}e?l 0) - L?‘lll%?f}?ifﬁgé(%{-é; %hg (k'émi"al%%ﬁ B F%F“i%o;aﬁ%‘ -

f10%| & () s @st 416! ukide)- Vad DY dodl B8R dDe ldest@YBed flrtherd | K-

| 610%4| & () - F410%1| & () - S210%4| & ()- 0Z10%4| & ()-,) 10%| & ()-M

10%4| & () - Fedawys | Bie Eoll &g %Matipl kk i 40 % qvided to Ffurther

Lt 109&' () -310%Z& ()-' 109%Z& ()-2Z104|104| 104| @: s10%4| & ()- @15q0~" ?f El 610%
f,)Z" 109 t}lustrrisy ghe) invepticmend) age (oot dygepiles to limit the

7" 109 ()-SLot 1092& ()-O)+,-.. viH 610% f S0 ()- 10%&' ()-"
31/0%&' () - l(:)lﬁi‘i%%fgfz%%e(léé%iée?s -”}f/"ﬁ“f' PBo: ?) - 0 O

25 The amounts indicated are in percent by weight of
composition.
Example 1

An acidic stripping and cleaning composition having

io0
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Z109%& 3 s ' ' a 0
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Y409 ()-#109& (agrédeMt ()-S FL09%&' ()-yl0% ()--wi®Y%& ()- b)K| dEbC 610%

| 410%&' ) - 2109%DMAC OGO () - y) S10%& ()-y) S10%& (37.40%& () -, ewbd 610%
QA0%TE () - 410%@l¢dc Ardnsdrdde) -4 10 10 10: " 10%& (3-2610%& ()-w

111 a?bCl 610% plLAumogi Y Flupgyse' ($08Z10%& ()-F 1086 ()-ys10%m& ()- !
@4.0%nUn& () - 4 mﬁic‘ A EHCl 610% p " 10%r& () - 5121@%r& ()-

10%r8&! ( - 10%n& {0 qoptate

10%m& X9 - " vt a 610% p- 10%& () - F+10%& () 3@.’1&1/«7& ()-'"10%& ()-% 10
%8 () - #10%r&' () - #1$i $$$%BMLE: /| 10m -00

10mt 10%r& () - 0% (F 009%4)- Q%me: )-09180/ "()-.Z10%& () - %86 % %
95 2uvT] - 10m T Tpoe t il KAE & 1P phaey 2y 2ad 8 " |
S%iO%W&'()-lo%h&'()-'10%h&'()-3 10m & P, (d(] ((dE7/ 10m "10%% ()- @
10%&' ()-" 10%r&' ()-Z10%m& ()-s9 10%& ()- 10%& ()-(()”")E***dE7/ .
10m y210%m& () - Onmi' 109%&' () - S) GLO%Exhtple S2 10%& () - YA0%&' () - #GLO%r&' () - **
*** 44+ +v+bC 10m | 49409%Z&' () - M5’ "ZZK"%‘)“‘IOm 10m
10m t I®%r& () - &8819@@&%uﬁbn¥4ﬂ99mﬁh4)Eoﬁ&ettrminéﬂtﬁb quantitative .
10! knt 109&' ()-9g! (,!10%Z& ()- 'a/,!10%& ()- !#, '109@(}(&]() k, ! 10%& () -
)|a|4%109@pquQﬂiqq‘ygbngQmpmmgftmqun@y data for aluminum and copper
at 50 degrees C. Metal etch rates were determined using a
Veeco FPP5000 electrical probe system, which determines
metal f£ilm thickness through resistivity measurements, and
20 Dblanket metal films on silicon wafers. All test wafers
contained 12004 of thermal oxide underneath the metal film.
I is a quantitative measure of the effectiveness of the
corrosion inhibitor and varies from 0% ( ineffective) to
100% (no corrosion). Values < 0% denote enhanced
25 corrosion, most likely due to increased solubility of the
chelation product in the solvents tested. The order for
increasing corrosion inhibition for aluminum and copper
films in the stripper/cleaner solution comprised of dimethly
acetamide (DMAC), water, and 45% choline hydroxide (wt% of
30 64/30/6) is; 8-HQ < catechol < pyrogallol ethyl gallate <
gallic acid = benzoic acid < phthalie acid/anhydride. The

fact that benzoic acid provides the same protection as

11
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EMB7 10! 10ZF10%G& () - sLGlO%;&f& Fl 109458 () - FF10%G& . ( i/&;& ()-

109638 () - 'shdd¥55p6b8 dindircarns Férto Shgopar %xidulfo%& §r°‘r‘§’

107GLov (OLs (5 ST TC TR T 8@%3%%&/&55 S oo ()

7798 88nD9 0] 0% N @ :

@LOY&! () - ,g%?g%&% lé %% %@e tﬁéB<§*§%)cler;iPl & koFrosion
102*!10%&' I%Eiéﬁlgg/ éﬁri%‘&c1d also indicates that the carboxylic
109 () - F1 % ()-m0%& () -9B<~<<<<<=aBbC 10! 10z

S109& §) - 23341 QUK {3 -Ad&dd (SorSRbRYRiut) corrosion inhibition. When

109& ()-y, 109 ()-=!="=#=$=3=5=8=nebC 10! 10ZY10%!| & ()- 10%| & ()-YyF
Siggﬁi g EgonH'O%h&olie GuyidrcbG HIDLOURAFS - avaitable=JGOE. 10CatOUOsM| & () -

pyrogallel, and ethyl gallate) a lower level of corrosion
inhibition was achieved. The malonic acid offered improved
corrosion inhibition (i.e., had a larger [ or a lower etch

10 rate) than catechol at a concentration of ~0.09M in the same
semi-agqueous, Btripper/cleaner solvent matrix. Indeed, 1
wt¥% malonic¢ acid provided better corrosion inhibition for
aluminum and copper than 5 wt% of 8-HQ, catechol,
pyrogallol, gallic acid, benzoic acid and benzotriazole.

15 Figure 1 contains aluminum and copper corrosion inhibition
efficiency curves at 50 degrees C for malonic¢ acid in a
DMAC/water/choline hydroxide stripper/cleaner solution. The
concentrations of malonic acid were varied from 0 to 0.096M,

An extremely sharp rise in efficiency was cbserved for

20 copper corrosion inhibition and a more gradual increase in
efficiency wae observed for aluminum corrogion inhibition as
the concentration of malonic acid was increased. At a
malonic acid concentration of 0.096M, the corrosion
inhibition efficiency was >95% for both aluminum and copper.

25 The results are shown in Table 1.
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9. A process for removing a coating from a coated
substrate comprising applying to said coated substrate a
5 stripping and cleaning effective amount of the composition
of claim 1, permitting said stripping composition to reside
on said coated substrate for a stripping effective period of
time and removing the coating from said substrate.
10. A process for removing a coating from a coated
10 substrate comprising applying to said coated substrate a
stripping and cleaning effective amount of the composition
of claim 2, permitting said stripping composition to reside
on said coated substrate for a stripping effective period of
time and removing the coating from said substrate.
1s 11. A process for removing a coating from a coated
substrate comprising applying to said coated substrate a
stripping and cleaning effective amount of the composition
of claim 3, permitting said stripping composition to reside
on said coated substrate for a stripping effective period of
20 time and removing the coating from said substrate.
12. A procegs for removing a coating from a coated
substrate comprising applying to said coated substrate a
stripping and cleaning effective amount of the composition
of claim 6, permitting said stripping composition to reside
25 on said coated substrate for a stripping effective period of
time and removing the coating from said substrate.
13. A process for removing a coating from a coated

substrate comprising applying to said coated substrate a
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of claim 8, permitting said stripping composition to reside

on said coated substrate for a stripping effective period of

10 time and removing the coating from said substrate,
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