SPECIFICATION CLEANING AGENT FOR SUBSTRATE AND CLEANING METHOD 5 Technical
Field [0001] The present invention relates to a cleaning agent for a surface of substrate, in particular,
for a surface  of semiconductor substrate provided with copper wiring 10 thereon, and to a cleaning
method thereof. Background Art [0002FREEEAtRCNIRANe spread of multilayer wirings on 15 a surface
of semiconductor substrate, a so-called chemical mechanical polishing (CMP) technique, by which a
semiconductor substrate is mechanically polished and planarized, has been used in producing
devices. In padigaiRinassoRARecHohe sedancyio ) bighhniniegraigdkss in recent years, a
wiring used has been changed from conventional aluminum to copper (Cu) which has a lower electric
resistance, and thus the CMP technique (Cu-CMP) has become essential, when semiconductors
having_a multilayer structure, in which 25 copper wirings are provided in many layers on the surface
thereof, are FREER0BBSEY  The CMP is a method for planarizing a surface of semiconductor
substrate u%l%}o{i lurry containing abrasive grains such as silica, aluminum and ceria, and an object
to be polished is silicon oxide films, wirings, plugs, or the like. And the semiconductor surface after the
CMP process 5 is corianpinatedywith aJange asnodat aftalyasive graindtself dsed. metals contained in
the slurry, or metallic impurities derived from metallic wirings or metallic plug polished, and further
various kindoof pastisiée.cContamination ot the surfageiof seiconditor18wsubstrate with the metallic
impurities or the particles_affects electric characteristics of the semiconductor, and causes to lose

reliability oPdeiE8s: FUPHRE e HOREE G SRYed e ihBrARPRSahinztidd is significant, it is
necesgary g{'g}ré)(gllq,ce Qn%osﬁ'&'\ﬁpé-ﬁe%l%%‘l@g RLQSESS tgﬁgtp%é% metallic impurities or particles from
the surface of semiconductor substrate. Heretofore, various kinds of cleaning agents have been
developed for use in various types of cleaning processes such as a cleaning process following the
CMP 20 process, and provided for use. [0004] On the other hand, since metallic copper on a surface
of semicon8a&ergly&Etve, and easily corroded by a slight oxidizing power, it tends to cause an
increase 25 8fov¥i£g19 resistance or wire breaking. Therefore, it is known that corrosion of metallic
copper on a[sur ace of semiconductor can be prevented by adding various kinds of metal corrosion
inhibitors [for exarpale-an AoOMgiic fype,compoungd represanted by benzotriazole(BIA)s and
imidazoles, a cyclic compound such as mercaptoimidazole and mercaptothiazole , an aliphatic alcohol
type ddmpaundswhithdwas aimercaptia graipdn ermadedide aad @, cadonsto-wtith said mercapto group
is bonded and a carbon to which a hydroxyl group is bonded links adjacently such as mercantoethanol
and mercaStB§REEdY. e parruR L2 Shffiised MRe A56VecdestribedCHIEMP process, an
inhibitor forametarlngggo 'gg trE’;lgrdess\%gb%d gggw__? és %gg d }10 prey nt thc%ﬁosl'gg%d n;l%tal surface from 10
corrosion. & Sfheé hetal corrosion INNIBItor is suppose k) be Hdsdried on a‘surface of metal (for
example, Cy) ghsemiconduetoL sydace anrdiprava pretal corrpsionsinhibiting film (for example, a metal
corrosion 15 inhibitor - Cu film such as a Cu-BTA film), and thus to prevent corrosion of the metal (for
example, Cu). [0003] partioweler theseanetdodrdsitw intitstoremagmremaincorea surface of
semiconductor as a so-called carbon 20 defect. There has been a problem that when a semiconductor

havingla catBehd¥rdct F&samhRf ol stifatE ti&Eofears, a wiring used has

been changed from conventional aluminum to copper (Cu)
which has a lower electric resistance, and thus the CMP
technique (Cu-CMP) has become essential, when
semiconductors having a multilayer structure, in which
25 copper wirings are provided in many layers on the surface
thereof, are produced.
[0003] |
The CMP is a method for planarizing a surface of

semiconductor substrate using a slurry containing
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is subjected to heat treatment in the subsequent process, during working of a device or the like, the
carbon defect 25 is burnt to oxidize a wiring material resulting in deterioration of the device
performance, or an apprehension that multilayer wiring executed without removing the carbon defect
tends to putibedflatressebupperdayer partdntoidisorder anchmakedicersecta, and
laminationdifficulttocause a serious defect in working of the device. [0006] However, a cleaning agent,
which is cove oty & aderl RPvdrigtlearfid provessss dachidang post-CiviIR gleaning process,
cannot sufficilentI¥i rerggv%j[lrée (iarbon defect, or apt to remove a metal corrosion inhibiting film that is

A5} 1Ke . .
needed to pﬁev ‘corrosion of m(}a{tarsurface as described above. Thus, an effective means has not

been 10 found whigh gamemove onlydhe carben defrat while-maintaiping thednetakcorrosion
inhibiting .effect, without removing a metal corrosion inhibitor - Cu film, in particular, a Cu-BTA film as
described abevedRPatent Referdneel L1 PsA-Ua1 833 GM@laimsot taB)rEs Pateny Reference 2:
JP-A-7-79061 (Claim 1) Patent Reference 3: JP-A-10-72594 § [0007] paragraph) 20 Patent Reference
4:JP-A-10-26832E RS 1 Bo15) PakRPRefcEnce B SPASHIFrane A TCRGnd 1ltb%) Patent
Reference 6 ;JP-A-2002-20787. im t I :JP-A-2003-13266 (Claims 1 to
42) 25 Disc%%&g}le%%%ejsln?/ieeﬁ]fjijé(\%lﬁogg%% t?g@ %gagigl%ég %T,; tﬁﬁ%ger%ﬁ)rﬁégélﬁ% The prethent
invention hasiheepatagenddier sueh tireumstances s deselihed abovgaand pravides a cleaning
agent for a substrate and a cleaning method thereof, which can effectively remove fine particles
(particles) present @pre siiaretafaybstiate Bremputities ¢metalfic ipuiites)Herived from various 5

kinds of metals, without causing roughness surface of a substrate, in particular, a_semiconductor
substrile, aRHRAHRE Calibig £t oF bXUBR S hietaRwinGe T BARICHE “Copper wirings.

provided on grswiace of suhsirate and-fudther ¢an ferooxe atfhe same 1Q,time thg carbon defect
present on a surface of substrate, without removing a metal corrosion inhibitor - Cu film, in particular, a
Cu-BTA filmaiMeans i@ Salvelibe Lioblem®d 1 D00PYUE dettie presaniimientionsdensists of the
following items: (1) a cleaning agent for a substrate comprising [I] an organic acid having at least one
carboxyl grétfRVarse 20 for fig atcontesdng’agant it Hii]ish crganiesdRehisalected from the group
consisting of (1) manohydric alcohols, (2) alkoxyalcohals,,(3) glycols, (4) Glycol ethers, (5) ketones
and (6) n "-ri (—:-'(Lsc,?%%]%lca%ﬂ )a %Itéaﬁ‘lﬁg grhgecfﬁgg %ﬁya stu%sf‘rgalgegélﬁ {ce; R/ﬂﬁc%"cgopr?r?prises treating the
substrgge surfacewith;sajd cleaning agent,acgatding te the abeve g (l).J9Q0] o  Namely, the
present inventors have, after intensivelystudyingaway toachievethe above-described object, found
that not onlypparticlesesnd metalli¢ien puritiescon aSustace obsdbsttate canbee:remeved without
causing roughness surface of a semiconductor substrate or corrosion or oxidation of 5 metal wirings,

in particular, cuppetSHARGE BrovidetPe Q&8 ki SRFLQSr SdERFAtE D RIFIY-§ ARIGHh defect

remaining OED a %Ubﬁér%t %liarga e§89 a@gebeieasil)éfrelrp)ovsed at tféess% e gmea/vighrgut losing a metal
corrosion inAibior ~Cu i m,’In particular, a CuETA ﬁm, By 16}6%aning he substrate surface using a

cleaning ageptdeesuhsiraie eampsising:ilam Qrganis-aeid having aldeasipne.eargasyl group and/or
[Il] a complexing agent and [lll] a specified organic solvent, in particular, a cleaning agent for substrate
compri¥ing rarresmniend provided for use.

[0004]

On the other hand, sincemetallic copper on a surface
of semiconductor is highly active, and easily corroded
by a slight oxidizing power, it tends to cause an increase

26 of wiring resistance or wire breaking. Therefore, it is
known that corrosion of metallic copper on a surface of
semiconductor can be prevented by adding various kinds
of metal corrosion inhibitors [for example, an aromatic

type compound represented by benzotriazole(BTA)s and
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15 acid having at least one carboxyl group, [lI] a complexing agent and [lll] a specified organic solvent,
and further that specified solvents, among organic solvents, are superior in exhibiting such an effect,
and a combined use of the specified organic solvents and a compound 20 having at least one
phosphoniciagid greup ik, adnelecule(aphesphonicacH ypaearaplexivgnieal s complexing
agent is particularly preferable, and accomplished the present invention. [0011] 25The reason why the
above-desc@ibemebreptart bé achibvedbyahé phesehtinarmionlistnmswenbarisdupposed as
follows. For ig%t nce, a carbon defect becomes unstable in the ptimurirg]l pH range generated by an

organic acid ahd's H&Rcé dILSENER Y af orgEhic Sofveht G the ofiaf hand 23 Ridtal corrosion
inhibiting film,(for.example; ametal corrosion iphibitog - Cufilmsuchas,a CU-EIA film) is not dissolved
in an organic solvent or water in the above pH range, and thus a dissolution selection ratio of the
carbonidefedt arid thelmetabegrrogenirhibitingdifrd £tdr ekakple,ds Eu<BiEA filns)lisiincreased, and
only the carbon defect dan be removed without removing the metal corrosion inhibiting film (in
particular, £ERETANANY WHIB IR ASAINDEHRIsRIHLNRRINY effédt RIHEREIRSE [0012]  The
organic solvent acclod(xiig to th% present inggg‘g\ifor;_]i(? V\éat%r.-go!a @II of water-soluble organic

ble, b
solvents cafnot necess i|§/l e used. Those which 15 c%nlsa?lsfy&?%—é 0 Jegtr&%ﬁg %r‘esent invention

include, for gxxamle pneaehydiic aleehals syehas saturatedsaliphatis daonghydec alcohols having 1 to
10 carbon atoms, preferably 1 to 8 carbon atoms, and more preferably 1 to 5 carbon atoms,
unsaturateckdifisitaticcmonehgthéci20 didueholphavingeto 12 carborsatohss; preferaloly 2 to 10 carbon
atoms, and more preferably 2 to 6 carbon atoms; alkoxyalcohols having 3 to 20 carbon atoms,
preferg%ly FRF16Tadn atoms, and more preferably 3 to 10 carbon atoms; glycols having 2 to 40
carbon atoms, prefgrably 25 2 to 20 carbon atoms, ﬁgggggrei%re@@@ggég 16 cathon atoms; glycol
ethers having 3 to 40 carbon atoms, preferably 3 to 30 carbon atoms, and more preferably 3 to 20
carbon atoragisketdres having tordhearbot atastsa prefarably skl egrbaom atosts, and more
preferably 3 to 10 carbon atoms; nitriles such as simple nitriles having 2 to 10 carbon atoms,
preferably B8 cQib@AGHOMs, GHE heore prakRFably 2 4 tarberitatbms: @raifinbaitriles having 4 to

20 carbon atotgs preferably%ozl} to 12 rticarbon atoms, and more fgerefe ably 4 to 10 carbon atoms,
a-hydroxynitril %h%\\tliﬁﬁ% to 20 -8arb %fomgfff&%ﬁbly £ro TE&bon B8RS HridPmore preferably 4

to 10 ggrbon aigms [R-aminepiteleshaving44e 20 eabaratemsppreferahly 4t 15 sarbon atoms,
and more 10 preferably 4 to 10 carbon atoms, dinitriles having 4 to 20 carbon atoms, preferably 4 to
15 carbon atamsecand more preferablyf4 thhdOcatlzon atbms, axasalurateduitriles having 5 to 30
carbon atoms, preferably 5 to 20 carbon atoms, and more preferably 5 to 18 carbon atoms, 15
a-benzene Hi?rﬂ@éhaving 8 to 30 carbon atoms, preferably 8 to 20 carbon atoms, and more preferably
8 to 15 carbon atoglgwgrgrd 1rfletert Cs|lé: nir'%rélg% pav(i:n 5 ;[)083% rgarg%n %O{Q:sd 1[;)Elgeferaalbly 5 to 20 carbon
atoms, and more preferabefy 5 to 15 carbon atoms. 2 pecffic examBles are as follows. Monohydric
alcohols includg, for sxample: satusated-aliphatic mereBydiis aleehols suchiasapgthanol, ethanol,
n-propylalcohol, isoprooylalcohol, 1-butanol, 2-butapanol,isobutylalcohol,tert-butylalcohol,
251-peéftandle 2quantanol, 3-pentanol, 2-methyl-1-butanol isopentylalcohol,sec-butylalcohol,

tert-pentylalcohol,3-methyl-2-butanol, neopentylalcohol,1-hexanol,2-methy1-1-pentanol,
4-methy1-2-pentanol® 3% thgE1RR/ENS, Figﬁ@gltgﬁbl?r?ﬁeﬁﬁ?ﬁl 3-REPFtARBREBE BRBI,2-octanol,

2-ethyl-l-hexanol,1-naonanol,.3.5,5-trimethyl-I-hexanol,1-decanol,1-un naql,
1-dodecancﬁl,%;/fc]lgﬁex%n% ,)f}on?gthél?:yaé?efaen%?%?in etﬁﬁcécl%#gxga%%% C?’E-%eet ?/?cfyclohexanol,
4-methylcyciehexaial o-ethylbexybalcoheh aphd aleohrak RV algebak gaeytalsghol, undecyl
alcohol, lauryl alcohol, tridecyl alcohol, myristyl alcohol, pentadecyl alcohol, cetyl alcohol, isocetyl
alcohol, 10 Hexzidezyaldohol ebtadéeylialeohol Steaiyl afcolidicofeyrRleshdk betytdodecyl alcohol,
nonadecyl alcohol, eicosyl alcohal, ceryl alcohol, melissyl alcohol, a-terpingeol, abietinol and fusel oil;

unsat%tedjﬁipﬂ?%’rﬁoﬁo%y@ﬁ%iﬁ&5ﬁol§‘su‘€ﬁ%Iyl%?&b?‘fﬁjr,al% prE5ATGSII€ohd benzyl alcohol,
methallyl alepho x%t&féﬁ%ﬁ”y' gjﬁcohglhg-pe@éwéglcol&(élr%w]%@hol and tetrahydrofurfuryl

alcohol. Alkoxyalcoholsinclude,forexample, 2-methoxyethanol,2-ethoxyethanol, 20
2-(2-methoxypgthexyeatkanal, ZtZbutexyathoxyethanalr2pyopaxyethensl, 2-butoxyethanol,
3-methoxy-3-methyl-l-butanol, 2-(methoxymethoxy)ethanol,2-isopropoxyethanol, 2-butoxyethanol and
2-isopentylosgathiaholb 25nGlyeaishintiudef R lexamiple épylite Glyeol: pedpyastre gicol, butylene
glycol, hexylene glycol, diethylene glycol, dipropylene glycol, trimetl—glene glycol, triethylene glycol,
tetraethylenBRR7Col, paYEThyRAE Glyta-BolybribyieRe anditraliyfené gli§edir ect
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Glycol ethers include, for example, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether,
ethylene glycol mono n-propyl ether, ethylene glycol mono n-butyl ether, ethylene glycol dimethyl
ether, 5 ethylene glycol diethyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylenergiycobmangutylether sliethylane alweal smenghexd ether,digthylene glycol dimethyl
ether, diethylene glycol diethyl ether, triethylene glycol 10 monomethyl ether, triethylene glycol
monoethyl ethet e nwtivaxye2-propanol, 1-ethoxy-2-propanol, propylene glycol monoethyl ether,
dipropylene glycol monomethyl ether, dipropylene glycol monoethyl ether, tripropylene glycol
monomethy& e6r] polyethylene glycol monomethyl 15 ether and 3-methoxy-3-methyl-I-butanol.
Ketones include, fegxapanle. acetong, [peihybetiy| kelpnen2speRianoRs.aggiangne, 2-hexanone,
cyclohexanone, methyl isobutyl ketone, 2-heptanone, 4-heptanone, diisobutyl ketone, acetyl acetone,
20 medityloxisled pharonerisopBorohea ayciohexanone saethyleyklohexanenres acetophenone,
camphor, cyclopentanone and hexafluoroacezylacetone. Nitriles include, for example, simple
nitriles suclf 4§ aBé Ak PRSiFionfARN A ohitAlcaHdl 25 TSEMRIt dnitfil& B &@@Thonitriles such as
a—aminopro%ié) gg@ aéaminogetryl'[lbéobg%rogi rrﬂe,ta-f\min(%but%rioggrillen nd aminoacetonitrile;
a-hydroxyInitri essuéhas]fac?gnltrﬁe, hydpoxyacetonﬁrll%anaoa-ﬂ?/ roxy-y-mefhyﬁﬁilo%%tyronitrile;
-aminonitrilesisyehas ammings3rapioniyiesdinitriles,such asmatonanitriles sygcinanitrile and
adiponitrile; a-unsaturated nitriles such as acrylonitrile and 5 methacrylonitrile; a-benzenenitriles such
as homoverstriditisle minddst azonitele Theteroeyclefrititesi siechhag méchtironitrilearehisonicotinonitrile.
[0013] 10Among these, saturated aliphatic monohydric alcohols, alkoxyalcohols, glycols, glycol ethers,

and sitfiple htige ard preferafie, FdRiReOMethdidt eifdimPRssHRE/ alcBRdl: 2-methoxyethanol,
2-(2-butowyihoxylethang), eltylens, glvee!. dighylene s el mepemethy efher, acetone and
acetonitrile are more preri‘grab e, because these compounds have a supgrior abiﬁtytfbr removing the
carbon defegt.t houtThe QrgaNe Salvet Aatceshingioitba preaemtinventionmnay;heyused alone or in
combination of two or 20 more kinds. [0014] The organic solvent according to the present
invention is tontzndd erkatovesa CarbdBdefactwiich denaingload sinfate-of substrate, in
particular, a 25 surface of semiconductor substrate with metal wirings of Cu_or the like provided
thereon, which-FES b&&T FE&RASNit 5 BfrycomAnhg al fmetd®orrbsion inRibitor in a CMP treatment
or the Jike. The arganic salvent aecgrding to the present invention can remove a carbon defect without
removing a metal corrosion inhibiting film (for example, a metal corrosion inhibitor - Cu film such as a
Cu-BTA filngmvhicly has been {@medwon & surface of semiconductor substrate, 5 and also can remove
a carbon defect without dissolving, corroding, oxidizing or decomposing apparatus components
relating to degfeerprodedionssuen as:semiconductor materials, wiring materials and plug materials.
10[0015] The carban defect is derived from slurry additives added to a slurry, for example,
aromatic coipounds sliér a8 a(metal corrosion inhibitor [for example, BTAs and benzimidazoles
(JP-A-7-790fthe ik Jp L5 particular, from BTAs such as ETA or ETA derivatives. ETA or ETA
derivatives include, for example, benzotriazole, lower alkylbenzotriazoles such as 4- or
5-methylbenzotiazol® < ©F Sretbylbenzotrmzole: 46y fepropyenzotriagelei 49 Or 20 5 -
isopropylbenzotriazole , 4- or 5 -n-butylbenzotriazole 4- or 5-isobutylbenzotriazole, 4- or
5-pentylbenPetiazéleRaL 65 hnesylbeng idrold: B ietifokybER2dtiiazdle ERh§droxybenzotriazole,
5-hydroxybenzotriazole, dihydroxypropylbenzatriazole, carboxyhenzotriazole,

FRTE BN

2 SdicarboR TSRS ATHIE TN bR Ham b or s tens i ble,

[maleicacidlpgpzolriazale - shstijted aminomelhyii-tolyigiazele, (Trade Nagie; JSRGAMET 42,
fromCiba-GeigyAktiengesellshaft), [1,2,3-benzotriazole-lI-methyl],

[1,2,4-triazole-1-methyl],[2-ethylhexyl]amine, bisnl-benzotriazole)methylisulfonicacid,
3-amino-1,2,4-triazole, 4-or5-chlorobenzotriazole, 4-or 5-nitrobenzotriazole, benzotriazole
monoéthand&F TSI BefRFotFiR2oRRNEPHASRine salt, benzotriazole cyclohexylamine salt,

benzotriazo&g mo pholin%hsa% b@zgtriagoioe isgr%rop lamine salt, 10

ro ems (o] O LV e nve 1 OI .

methylbenzotriazolecyclo exy?amlnesa ) o-%ly triazole,m-to yff)enzotrlazoleand
[0008] ,

The present invention has been made under such

circumgstances as degcribed above, and provides a
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p-tolyltriazole. It is supposed that the carbon defect is formed by these slurry additives (for
example, BTAs) which, for 15 example, melt by a pressure or the like in a CMP process then solidify
by cooling on a metal corrosion inhibiting film (for example, a Cu-ETA film) formed on a semiconductor
subs’grate withermetahwiragesuch fasrof £ usaics Aggorevided! thereohe 20003 6ine t e complexing
agent according to the present invention is not particularly limited so long as it forms a complex with

metallic impiRiERCand Iides ST efarhFet A tompotiRBHEGing He feaBdite Ed®dxyl group 25 in a
molecule, a Vi one, phgsphoni id gropp i le, N-substituted amino
acids, cond(e%]%srgg%%%gﬁori %ié%?’%&nd ammonitl%r%%% t58 (gjlr aﬁ(ali r%é%?ggf%‘ﬁ'uer%gf. [0017] The
compound hayng at ieast one canoxy! grapp:ia aireleculers peefermbhma niogsenscontaining
polycarboxylic acid haying 1 to 4 nitrogen atoms and 2 to 6 carboxyl groups in a molecule, and
specifiallylsiingleides, foeerarmplew afkiimime poleaboxgioheigs whithirhaghavé a hydroxyl group

such as hydrox%;%’% liminodiacetic acid {:HI Al and iminodiacgtic acid [I%@]; nitrilopolycarboxylic acids
|

such as nitrfloff & %Ei%l’[l\ff%\]pfrﬁf Mt ot roﬁoﬁ%“ljocé)& Tﬁ‘f’lg]r m os-t&?)%%/alkylene
polyamine polycahexylicacidswhich,may haye adydroxyalkyl greup,,a hygdraxyaryi group ora
hydroxyaralkyl group such as ethylendiamine tetraacetic acid [EDTA], ethylendiamine diacetic acid
[EDDA], etydendiamineidipropianicatiarl5 dibpdrechlotic acik]E D}y hyddxpethylethylenediamine
triacetic acid [EDTA-OH], 1,6-hexamethylenediamine-N,N,N1,Nf- tetraacetic acid [HDTA|],
triethylenet&itarhffechexadtatR-adE erTRRT dictiysietriamineMRPNINEN" N SpEREScetic acid 20
[DTPAJ,and N,N-his(2-hydroxybenzyl)ethylenediamineN,N-diacetic acid [HBED]; polyaminoalkane
polycabox T B e S A OB TSt Chie AL TG BT sad e
trans-1,2-digmineayelehaxane NN Nl t-tatraagatis acich[GYR AL polyamingatkang! 25 polycarboxylic
acids such as diaminopropanol tetraacetic acid [DPTA-OH]; and hydroxyalkylether polyamine
polycarboxylic aids-suohlas glysolétheB Thaniinéntetraacetic acid [GEDTA]. [0018] The compound
having at least one phosphonic acid group in a molecule includes, for example, a nitorogen-containing
polyphosphonic acid having 1 to 6 nitrogen atoms and 1 to B phosphonic acid groups in a 5 molecule
such as alkylaimigopaly Iphosphanj id) , mono- or polvalkylenepolyamine poly

(alkylphosp §r%%%c? a%%%rﬁfgilogp%%y%gl %I% ogphonic acid) ; arylphosphonic acid,
alkylepgpolyphasphonic acid; and alkanepolyphosphonic acid which may have a hydroxyl 10 group.
The compound having at least one phosphonic acid group is more preferably a compound represented
by the following geRbfal forafsa 1], Ry 62} ©f002 9p% i K sCPD3H29 1fjcilsrEame [0020] (wherein,
X represents a hydrogen atom or a hydroxyl group, and R1 represents a hydrogen atom or an alkyl
group) ; [ooé’i]eﬁ‘)i% Y -R2[2] --P0 H2 [0022] (wherein, Q represents a hydrogen atom, or -R3-P0O3H2
group, R2 apgl R3 represent £ach independently.an alkylene group, 4idyY LERIESERtS a hydrogen
atom, -R3-P031-12 group or a 25 group represented by the following general formula [3] ) : [0023]
1-"C -PO3H240024 {wherein,iQ anshR3gre samestettherabove):1e0R46] IgZSufANand2/N R N ) R5

Nz44 5
20 /Jor [II] a complexing agent, and [III] an organic solvent

selected from the group consisting of (1) monohydric

alcohols, (2) alkoxyalcohols, (3) glycols, (4) glycol

ethers, (5) ketones and (6) nitriles; and

(2) a cleaning method for a substrate surface,
25 which comprises treating the substrate surface with

said cleaning agent according to the above item (1).

[0010]

Namely, the present inventors have, after

intensively studying a way to achieve the



[0026] (wherein, R4.and R5 represent each independently a lower alkylene group, n represents an
integer of 1 to 4, Z1 to Z4 andat least 4 of nxZsrepresent an alkyl group having 10 a phosphonic acid
group, and the rest represents an alkyl group.) [0027] In the general formula [1], the alkyl group
represented iy Ri- irepreferpbly aostiaight, chainedionradb hisrchadignghaving:1de 10 carbon atoms,
and includes, for example, a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a
n-butyl gro@sicanisbbaty/l§robipPa Fert-ba sy group, aetasifylgrogpls Aprehtyl geaup, an isopentyl
group, a tert-pentyl group, a 20 1-methylpentyl group, a n-hexyl group, an isohexyl group, a heptyl
group, an o'i:é yl gfr%rﬂ%yg %on‘ﬁ?fﬁ%ﬁ%%tanép %ua%lc@?grc?l?p?%l ]ihee%engi’g{%?ﬁweulag 2] %nd [3], each of the
alkylene grauns reprasented by R4-andiR2 is,preferably 25-3 straight.chainedQr ajgranched one
having 1 to 10 carbon atoms, and includes, for example, a methylene group, an ethylene group, a
propyléne gretip,la miethylgthyleite geoup; anlethyltnetintene groupng dupteneigrodp, a 2
-methylpropylene group, an ethylethylene group, a pentylene group, a 2 , 2 -dimethylpropylene group,
a 2-ethylpr@§9l§n§%%xﬁf%‘ilﬁ’é%/%esg%ﬁ%ffé‘ &ptyRetie 876Ul &FEEYRMEHBEP, a 2
ethylnexylens 0iQip, g noRyIene.ioup ANdR devieneoroup, o1 Inhggeneral fgmula 4] the

lower alkylene group represented by R4 or Rs is preferably a straight chained or a branched one
having | to 4 safenatemshanskiQspesifically inchides Jonexameleaa methylenedgioup, an ethylene
group, a propylene group, a methylmethylene group, a methylethylene group, an ethylmethylene
group, a buiyldrié greip, a methylptopyléme grotpiandlar ethylethyiBié gfoulon, b¥Further, in the
general formula [4] , the alkyl group and the alkyl group of the alkyl_group having a bhosphonic acid
roup preSLRREUHFZ T 5 2SHP Brefétably"s Siraigfit Qe or S bTARHE GHeeiving 1 1o 4 carbon

atoms, and dagludes, Jot-exampls. 3.MRL0rPuP. 3R EIRHAUP L0 EHRIPALIOU. N ISOPrOpyl
group, a n-butyl group, an isobutyl group, a sec-butyl group and a tert -butyl group. The number of
phosphoniclacid groug ia shese-aRkykbgroupsdsigenerallyr I 102, @anareferablya2Araong them, a
compound in which all of al to Z4 and 25 n x Z5 are alkyl groups having a phosphonic acid group in the
above gena&t@orlrhdhl[4pisgirefetdble cd R @Pa hig hsabiltgRé forifa RamipleS R metallic impurities.
Further, n in thg above 8eneralgo%mula Lﬂgréscgregerabl%an integer %flli]to 2, from the viewpoint of
easiness inap? JUction: [(?(532981']1 Ojéﬁem ic’é arﬁpf:e% é?]fﬁgtl:oﬁ’lp (ﬂ?‘ﬁa%ﬁ'%aéﬂé:ast one
phosphpnicacid groyR iRy a malegwe tkedisedin S thepigsentinventianipslude; forexample,
alkylaminopoly(alkylphosphonicacid)suchas ethylaminobis(methylenephosphonicacid)and
dodecylamiagkis(metiy|énepiospberic Atichdnonmgs ot polydlkydenepalydnfine pokytalkylphosphonic
acid) such 10 as ethylenediaminebis(methylenephosphonic acid) [EDDPO], ethylenediamine
tetrakis(ethIBASpHIPROAiIL 2ACIdT LtHFRREdiafM R trakigfhdthylBAe¥RdSphoniR Eid) [EDTPO],
nexametnyigedanine araki el ioneniesphonicad s SopiaPYenediaTine,
his(methyleneBhosp%onlc acid), |sopropﬁened?am|netetra me ylenephospﬁonlc acid),
propanediaminetetra(ethylensphasphonicAEHPOTMAvent s and a compound
diaminonropanetetra(methylenephosphonicacid) [PDTP], diethylenetriamine
penta@sthylérenhosphbnicacid) 2e¢DERPPOIhdiethy|endtdaginepenta@ethylenspkosphonic
acid)[DETPPO],triethylenetetramine hexa(eLhylenephosphonic acid) [TETHP] and triethylenetetramine
hexa(methyléhEBRsERoRitagiaY Fr i Pd]° ATRLB S REkS PRBSphDRIE &5 HPs
nitrilotris(methylepephosphanic.aci TPOL; arvl hQnj ' : osphonic acid;
alkylenepoly?ﬁ%ogs%h%%ic%%m s gucﬁhg)ars IIE/ en%%;%%%%o%?é%g%gﬁa re% er,]é/1lpeh
methylenediphosphenic @¢ih ¢ alilkanepolyphosphonic acid such as alkanediphosphonic acids which
may have a hydroxyl group (for example, ethylidenedinhosphonic acid,
1-hydroxyeth9denke-1,1'-diphosphonic acid [HEDPO], 1-hydroxypropylidene-1,1'-diphosphonic acid 5
and 1-hydroxybutylidene-1,1'-diphosphonic acid). The N-substityted amines include, for example,
dihydrokyethylglyciDHEGEN Niatetyigly &R dfRd ‘fjr‘?esgdﬂ;é% afe Si0sphidhic 8ids include, for

example, t”QQ'lXEQ@%QP%B? qgf;pea?)qrgg)éqmetﬂgbgﬁﬁﬁ%.&? qqél,d'not sure, but is

supposed as follows. For instance, a carbon defect
becomes unstable in the optimum pH range generated by

an organic acid and is hence dissolved in an organic
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10[0029] Among the complexing agents according to the present invention as described above, a
compound having at least one phosphonic acid group in a molecule is preferable. Among those
compounds, nitrogen-containing 15 polyphosphonic acids having 1 to 6 nitrogen atoms and 1 to 8
phosphonicsacidrgroupin ateotechierare mbregpreferable and anialkane potyphasghonic acid which
may have a hydroxyl group are more preferable, and a mono-or polyalkylenepolyamine
poly(alkylphospRohiccacierianpa fitrito fiiy GalkyipREspTbAT ABid}Bnd R alkanepolyphosphonic acid
which may have a hydroxyl g e perticularly preferable, because of superior solubility in water
and comple>s<gt(|%ln %geﬁcﬁgﬁfs%%%%ﬁmé Furt éj% aﬁ'o%sgot%}arec%amlp%uﬁgs ggﬁggérﬁed by the 25
above genegalifoenilag {1]Wakand [4] acempepnd epsesentediby the.genenal formgula [2] and a
compound represented by the general formula [4] are preferable, and a compound represented by the
generabformalaga]lis perticalaly preferablet 1o o drbespetifivatlyd prleterabieéxahples of the
complexing agent include ethylenediamine bis(methylenephosphonic acid) [EDDPO], ethylenediamine

tetrak s(ethJIEREphGSPRORR-L8 ). Ritiehddigmine 8 et ks ey Rerosphofitacid)[EDTPO],
hexamethylenegiamineteyakisimethylengphasphonicacid),isgpropylepediaming, e
bis(methylenephosphonic acid), isopropylenediamine tetra(methylenephosphonic acid),
propanediaminestea(ethylenephespbenic@citelBet al corrosion inhibiting
[PDTMP],diaminopropanetetra(methylenephosphonic acid)[PDTPO],diethylenetriamine
penta(ethyldriebhodpionreadid FIDERR O] adictyleRatriamiie pafitadretiylenephbaghonic acid)
[DETPF(;O] , triethylenetetramine hexa ethg%ne hosphonijc 15 acid)[TETHP],triethylenetetramine
hexa(thethyetebhEamiomEat it FTHBof b Fl%ﬁisj(r%e?h%ﬁéﬂ:eapjn%% Honicacid)[NTPO],
ethylidenediphgsphonicacid, 1-hydroxyethylidene-1,1'-diphosphonic acid [HEDPO], 20
1-hydroxypropylidene-1,1'-diphosphonicacidand 1-hydroxybutylidene-1,1'-diphosphonic acid. The
complexing agent atcordingtarthe preséntdnventiacmay hegused alae=or reambination of two or
more kinds. 25[0030] The complexina agent according to the present invention is contained to
capture andi@iRiveIRBtafie iMplfiesSwhicR Bfe afivdred td afd réVR&if BRSPS of substrate, in
particular, a slyrfagg gfsb Jgo@dsugtgg soqcbsérac'g% gvsithrmi talii)c V{/lir%%%pr@}gg%g t‘QErie n, which has
been subjec?eéa?o a poﬁls ingr)treatmerl{f, an (ﬁchlng fea r%en?, a P treatment or the like. Metallic
impuritigs insludle; fer; exampies thpse deryed-frampa-sdeansit iphdnetabsuch as.irga (Fe) , nickel (Ni)
and copper (Cu); and an alkali earth metal such as calcium (Ca) and magnesium (Mg), and are, for
example, thése metatsrhbmsemesdlyddoxides aherebbdisoxilesithexeof. sEiecompiéxing agents
according to the present invention_can 10 remove the metallic impurities by forming a stable complex

ion with theSet ARREAS TOOMORY Pivd BraaRRRRIP LSty td-the: Predéit Rveniisis an organic acid
‘having at leas opgrggelfgfrai)lyté tq 1% §r§891 mare rﬁ)srefeg?b y g:oe:% é}:%rebf)é%l agjr%}pﬁ, and further may
[ peci amp

have 1to 3 y(?roxyl grodps and /or 1 to 3 amino groups. [003 fic ex les of the organic
acid accordipg tasthepresentinyestigninchides forexanapie, 20 meAcr berie Rgids stich as formic
acid, acetic acid, propionic acid, butyric acid, n-valeric acid, 1-methylbutyric acid, 2-methylbutyric acid,
caproi8tacida énarithicsadid, veappylic dcid, tPansaZinwthyl-ousentasid asidbphyerd/ldcetic acid, 25
3-phenylvaleric acid, 4-phenylvaleric acid, benzoic acid, W-c%clohexylbutyric acid, a-naphthaleneacetic

acid and diphBriyfHTeaE &G HeaBxy IR ERiBs SIEH 85 b¥aficTatia, FREIOME &did ™ Sibcinic acid,
olutaric aC|da§§|8 _ Ci%g@{g‘fgcﬁgiﬂiﬂéa@'%%?'gof‘?@éiqﬁoﬁ‘cé@h &QH@@P&%?HB‘?&E‘P acm_l,
2-n-butylmalonic acid, citraconic acid, mesaconic acid, isophthalic acid and terephthalic acid;
tricarboxylicacids sechasdimellittsracidaticatidaylig asitkantd penzepeticarbexyic acid,
oxycarboxylic acids such as oxymonocarboxylic acid [for example, hydroxyacetic acid, hydroxybutyric
acid, lactic a&idPad sallaytie heid)aoxyeicatbbwyliclacids Horer&ppre, nidlie etk pdtaric acid and
tartronj acig!], oxytricarbozéylic acidsﬁ):[]}‘gr 10 qehxam{)ple, citri aci%]%and aminocarbogylic acids such as
aspartiacid ahd dldtaricSei 2 O Rinoff thEabovB orghit Acks diCarbdxyfi¢ 86s and
oxydicarboxglgbﬂg(;S qﬁ}pégffragglgyghqgmg@th§o>ggarggxy% 15ag>8géclarboxylic acids
and oxytricarboxylic acids are more preferable.

- preferably 3 to 30 carbon atoms, and more preferably 3

to 20 carbon atoms; ketones having 3 to 40 carbon atoms,

preferably 3 to 30 carbon atoms, and more preferably 3
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More specifically, oxalic acid, malonic acid, fumaric acid, malic acid, tartaric acid and citric acid are
particularly preferable. 20The organic acid according to the present invention may be used alone or in
combination of two or more kinds. [0033] It is supposed that the organic acid according to the present
invention dissolves aanétahoxidews a nietak23 bydrexida of Ee of b though slightlys and formation of
a metal complex between a metal ion generated by dissolution and a complexing agent results in a
shift of the BailiBAURA toRatds mdELRRt drEBlutBR ST TBRiRY dsseRify pEWErsf the organic acid
for metal, and thus enabléng to remove afmeta}la:ildsorg)ed Qn of adherc—gj toa sgrface of substrate.

[0034] The T _e%%srfg aagnt for a substrate of the B’resent E?nventic?na(‘?]ecr)enlnaﬁero Sbreviated as "a

cleaning agens @f therpresentdpveRtiam) contains @n-araswic acighand [or acomplexing agent and an
organic solvent according to the present invention, in particular, the cleaning agent containing all of
three compdnients bf amdrganicttinacidantompleximgedgerntlahs d@n orgdrficsatientis preferable.
Further, the cleaning agent of the present invention is usually in a state of solution, preferably an

aqueous sl and PrEFERBY digdorifg B dffante &6d AhdI8r e oftiitEiing agent and the
organic 15 solyentageprding g the presantinvention as descriged aboveinwater. [p035] ~ When
concentration of the organic solvent according to the present invention to be used is too low, the
carbon 20 defect ceanbbhe=sidficienfy semeved. Gn theschatraygteouBush ameuathof the organic
solvent according to the present invention to be used disturbs complexing agent, organic acid,
surfactant cttR&fike tBeshmaseHornfandes déscrilsedabdve abffisfentlya Bausinge25 problem that

the removal eff t1‘orb et%I iir:ncptirities or articlgs is low: red,tand}is nq{ §referatile t1‘rom the viewpoint
of cost. PRI RhEn corcentratioh ot thé ordiiic Attt &écordifgts e Brésdrit invention or the

complexingagent aeeerding ipdhe present nyeptian {o,be ¢ised i$:190 Iawthe clegning effect
becomes insufficient, and sometimes very weak in the case when a surface of substrate is
unexpectedhplreavily ebateamihgted. Grothe® atheidrandaados high coneentratian«sd the organic acid
according to the present invention to be used does not influence the cleaning effect, but is not
preferable fForh¥he RWHOTHEYT cost FuftAef 218 high e8lfcentrafiérs 5RtheYcomplexing agent
according t &hg Pr sent JﬁO inventio& to be usedfdoesbgot ibnféucga e the gleanin%%fgect, but leads to a

n
on.atoms, an re efera carbon at .
harmful carbon contamination 6n"a su%ce gfrsemlcon L}f:tor su%stra?e, C?ucﬁ causes a problem in

electrigschagagipristics eand is-patireferable frin the viewpejit ofGosh Jp[0Q36dns, Usually, the
organic acid according to the present invention Is used in a concentration range so that a ratio of the
organic acigteethertatal mntountt of ¢the glelanimgeagens begorheseirethedewerlkirbityusually not lower
than 20 0.05% by weight, preferably not lower than 0.025% by weight, more preferably not lower than
0.5% by welght furffF rdtedirefrabf ot RrsraRay 944 By Weightl &5d FtheRshper limit, usually
not higher than 50% igr;@, ferably o Q%] r % i fgb e preferably 25 not
higher thzan%%)‘yggy/(9 \?VGIQ\}%?II, urt??re(gfngg%%%ra I.gngot !?g%%r ﬁ%’?l%’l%;.g Yo tyg%v%i'ghgt.%8 The
complexingrgeat peeardirgldosthe present invepborisstsaaldn a concentration range so that a ratio of
the complexing agent to the total amount of the cleaning agent becomes, in the lower limit, usually not
lower £Ran 0.01% Hpeeight, preferably hoslowercethaa0,026%lbyweightomole/greferably not lower

than 0.05% by weight, further. mqre preferably not lower than 0.1% by Wei%ht, and in the upper limit,

usually not RigFERAR 36RBYNEIght prefeFAPRSGHighR? LGS by YhBre preferably not
higher than 3%%%%"8@& further mareprefgrably nat highgr than 1% Iby %eé@!gngﬁ? organic solvent
according to the présent 10 invention is used in a concentration range so that a ratio of the organic
solvent to the tptabpiipantehibie cleaning agpathscomessivthe lower fintifuusially not lower than 0 .
05% by weight , preferably not lower than 0 . 1% by weight , more preferably not lower than 0.5% by
weight, further 28 tasensréferably: eioiiet therins by weiglstr Aan@ W theaupgpehfmit, usually not

higher, than 50%@%}{ weight, Breferabg nat h[i?her than 40% t% weight, mare referatily not higher than
20% I} Wei&h“t}p haF ore prafét bty Fot |§I?é3ﬂﬁ§ﬁl(ib% Y Wei Bt 2&)[’ 3774 method for

dissolving thfsggégigﬁgdlgggfgﬂhe complexing agent and tggg_r_gﬁmciégly%@}ﬁpfgrding to the

present invention in water is not particularly limited so long as a solution finally containing these 25
componentsteantbe prepared. coh Specifically, the method inatedesy for exantpie 1), a method of
directly adding the organic acid and/or the complexing agent and the organic solvent according to the
present inveRBOR t1Waler L et dissolvidg thelPBP stirring, (2F Akdthdd BERHERG & solution
containing the organic acid and/or a solution containing the complexin ent according to the present
invention and hmse?ﬁﬁt)(&h“gdrﬁglrr%%nt%s% ’org%ﬁi tgl vfeﬁ?é%(%rﬁ%éﬂlo 5 ?ﬁ?ﬁ%%@rﬁ?é\iention, each
prepared by separately dissolving the organic acid and/or the complexing agent according to the
present invention and the organic solvent according to the present invention in water, or if necessary,
(3) a method of mixing a solution containing 10 the organic acid and the complexing agent each
according to the present invention prepared by directly adding the organic acid and the complexing
agent each according to the present invention to water and dissolving by stirring, with a solution
containing the organic solvent according



15 to the present invention prepared by separately dissolving the organic solvent in water, (4) a
method of mixing a solution containing the organic solvent and the complexing agent each according
to the present invention prepared by directly adding the organic 20 solvent and the complexing agent
each according éptherpresent inventign tonwater and disselying by stirringowith assojution containing
the organic acid according to the present invention prepared by separately dissolving the organic acid
in water, and {§Faydethodt@8afimixing a solution containing the organit-atid:ang the organic solvent

each according tg the present invention prepared by directly adding the organic acid and the organic
3 FRBHon to W

solvent each a2¢ord §h&Yresent afeF 5AG Aissolvihg [FAMSWith a solution
containing the ggmplexing agent rding,{9.the present iguention prepared.by separately dissolving
the complexing agent in water. [0035] 5The cleaning agent of thé présent invention thus prepared is
preferably sobjestachtba tréatmens such as filtration befarenasehWater imhexsed here is preferably

one purified to some extent by a treatment such as distillation and ion exchange, and more preferably
10 so-callectultd Puire RaterUsedanthe art2[008YY L herhiel cle@hingyent of Bierésent invention is

preferably acidic,.and pH value thereof is, in.the lower limit, usually,not lower than 0.5, preferably not
et 18 a0 e BBt e T AP aEore BORra TOF B than 2. and n the
upper limit, gsHatynothighexthan :5; peefenablyiroiieyyer than-3 sftheraneeg preferably not higher
than 3. [0040] 20In the cleaning agent of the present invention, besides the organic acid, the
complexing rgentaiatthe ardanibsblyventdgcbraing thithe, présentsmgention astdescribed above,
various kinds of auxiliar]y géomponents maybe included within a range not impairing the effects 25 of

the pré8ent RREATGTY L 235 QuxiliRRA nRiFA0AE thE5E SV hs&d ilthe art, and
specifically, for exampl reduci etal,corrosiaon inhibj ich used for the
purposes of%c%g g%g%ﬁ 8? Wiﬁr%gf%%?géegv%%gn%l (é:%ﬁ((%()n% g& éﬁ?ég} d a\g{s%r%}(g%%f which is used for
the purpose©f #BBkeving Wwedingipropedy-pf the Tleanig, agerile aserface efgesiconductor to
enhance the cleaning effect. 5[0041] Thereducingagentincludes, for example, hydrazine and
derivatives thiete®fraseordic acibdrmt formalinaThesé veducing agentsmag ensseddalone or in an
appropriate combination of two or more kinds. 10[0042] Further, the metal corrosion inhibitor

includes, asHeSRAGED SbE AR cam SIS sUEH HS Benhz8tiaYdlebr HRRPatives thereof (for
example, JRA51:29338 JP:/s195292 o JB 02659781 And 15 penzimiggoles (for example
JP-A-7-79061); cyclic compounds such as mercaptoimidazole and mercaptothiazole (for example,
JP-A-2000-67268arm- e 2900-282094) ] aliphatisrateahpl typec campourids baving a mercapto
group in a molecule where a carbon to 20 which a mercapto group is bonded and a carbon to which a
hydroxyl groéip¢&berded inkstbgatried aajEieshAty Blch B8 Ihercaptoethanol and mercaptoglycerol
(for example, JP-A-2Q00-273663); amino acids having a thiol group in a molecule_such as cysteine
St ! $66), and tiie

and N- acetylcysteﬁ %f EXANPIE, IP-A-2003-1 66); and ureas. TRESE %l?rfactants may be

used alone gr ip.an,agRropriate sombination of two or more kinds. J0@43}Thesurfactant includes, for

example, nonionic surfactants having a polyoxyalkylene group in a molecule; anionic surfactants
havin@a graup(selectet dtoy) stilfosks acitd grolp, card@qibgroupy phasphoncacidgiqup, sulfoxyl
group and phosphonoxyl group in a 5 molecule; amphoteric surfactants such as alkylbetaine
derivatives, RTi@EAMAKNTOdtaMederivatives, sulfobetaine derivatives &aHBEABORYIic acid derivatives,
imidazoline Sg{ril\éatth/gg ang aming oxi _%%L\?H\ﬁs. 10Nonionic surfactants having a
polyoxyalkylenegroup i & molecuré include, Tor exdample, polyoxyalkylene alkylether and
polyoxyalkylene-polyalidarviethar, Mot apegifically, nonionic syHfacianis,/Beludaofor example,
nonionic surfactants having a polyoxyehylene 15 group in a molecule such as polyoxyethylene
alkylether ard pulyoxyethylene alkytphenyletwrenanidprserfastants. having a polyoxypropylene
group in a moleculesuch as polyoxypropylenealkylether, polyoxypropylenealkylphenylether;nonionic

20 surfictarftd Kagihg & pokeRfenfiehegtp dhd aBBYGEBrepyieRe gtpkY a$hGlecule such as
I hyl | Ikyl h | | kylphenylether.
polyoxyet y%egggﬁ/ox?@r1 I%;L%r% 2 %}ieg}?{ and polypxyet ﬁieg%%qyoxa%ﬁy n@%ﬁ% ylphenylether

Among the ,ﬁlartlcdla y prefera onionic' 25 surfactants polyoxya ethers. More

specifically, gopionic surfactantyhadng a pglypxyethylene graupnin Bemelecydlestsh as
polyoxyethylene alkylether and nonionic surfactants having a polyoxyethylene and a polyoxypropylene
groups in atrmoletily kevk aslpotyoiyetyiere pblyorypropyiene alkyethee ateygartieularly preferable.

glycol, polypropylene and tetraethylene glycol.
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Further, among polyoxyalkylene alkylethers having a polyoxyehtylene and a polyoxypropylene groups
in a molecule, a compound represented by the formula: CH3
(CH2)k-0-(CH2CH20)1-(CH2CH(CH3)0)m-H (wherein, k=7 to 20, preferably 11, 1 = 4 to 20, preferably
13 to 14, m = 1 to 6] prefarahlynd de 2)is pasticulady pretergble, Mete,speciieallycwethanol, ethanol,
isopropyl 10 alcohol, 2-methoxyethanol, 2-(2-butoxyethoxy)ethanol,
ethylenegly®erdiBhylErkglyiohadnonfethylefie?, acdisae acatemeiddidbolgdiyethylene
polyoxypropylenealkylether(particularly CH3 (CH2 ) 2, -0- (CH2 CH2 Q) 13 -14 - (CH2 CH (CH3) 0) _
2 -H)are pre té?l qlg.n}émgridg %%fm,nrlr%]t aﬁldl?eﬁ%}{)%l, %Bgrolbyl agc%ﬁgfglfaf-?ne?% xcil% anol,
ethyleneglygely dietivigneglyclinanometbyletharacgtonitrite andpolyaxyetbylene polyoxypropylene
alkylether [particularlyCH3 (CH2 )11 -0- (CH2 CH2 0) 13-14 - 20(CH2CH(CH3)0}22-H] are more
preferable. Anlonieswrfactants havingizegioub sededted frondsufohgroapecarbdxdiolgroup, phosphonic
acid group, sulfoxyl group and phosphonoxyl group in a molecule include, for example, anionic

surfactants RUMPSESifo ZF8@tp if A PROBLGRSuEH XS aikyRaRomE Bk, &kPBEnzenesulfonic acid,
alkylnaphth fonic agj salt r far %Q_mpl S Ikali | such as sodium
and potassi%ﬁ%%%agn%r%orgg%%s% t) ;aé%%%%i%{/rﬁa%{tants ha\??nlggg%gr!b%gﬁ g%lg%gi%ala molecule such
as-alkylcarbexyhie asid] alkythenzenegaehoxylie aeid, alkylnsphthaleseegrboxylic,aeid, and salts
thereof (for example, salts of an alkali metal such as sodium and potassium; and ammonium salt);

anionic surfaéartyRansy & phesphorieehy grogs red molecuftsucheasaligAptiosphonic acid,
alkylbenzenephosphaqnic acid, alkylnaphthalenephosphonic acid, and salts thereof (for example, salts
of an dlkali PR SGIER &b <BUTR and poTAdbu S AR K3 o £6 Surfactants having
a sulfoxyl groupdp34n I_egu&%tggﬁalkyisglgqgg Kﬂbw&gﬂfate pelyoxyethylene alkyl
sulfate, polyoxyethylen% alkylbenzene sulfate, polyg}{/ethy ene aIkylnétphlghalg(r%)éL sulfate, and salts
thereof (for gxgmple, akis et @y alkati meetal slichrasolA sodiugl grcbpotassiding ehg ammonium. salt).
Among them, anionic surfactants having a sulfo group or a sulfoxyl groupinamolecule are particularly
preferable. Rlohe 5pedifieaRER vhfitic SUifaethite hadihf alcafdexyl gkstirihermorietle such as 20
alkylbenzenesulfonic acid and anionic surfactants haying a sulfoxyl group in a molecule such as
poIyoxyethﬁefr?é%ﬂ(yI%%ﬂggéear%yp&aﬁigaﬁﬁy Er%r#eyrggl\!elﬁene CEL|’F1¥(C):r$g;L tﬁ%%%nveetng#tioned
surfacignts, djanignic 25 sytfactantsand aniopic surfactants are preferable. These compounds maybe
used alone or in combination of two or more kinds. [0044] These auxiliary components may be used in
such a range of cdirentratonrthitiiey drerusualtynised mctheart Forinstahcet thelreducing agent
maybe used in any amount, so long as the reducing agent can prevent oxidation of metallic Cu. The
lower limit tH&EBFR 5 usuRFSt1ESOREN 0.01%6 BERERFE IS eferabl MR 18RS 0.05% by
weight, more pr(ifeﬁabl%tplgtnlgss than O.O_L7% k%)és\%/e&h{[ tok'gh (t)%tal an%)%é of the cleaning agent, and

the upper limit thereof is usually nntl)?ir:nh ré than bY% weight, prgfera ly A6t more than 1% by weight,

more 10 prefenaby-ngtonere than:Q.a¥pby weighktedhe total amaun of the gleaping agent. Further,
the metal corrosion inhibitor can be used in any amount, so long as the inhibitor can suppress
dissol¥ihg power bithexcieaning agentdoreCu by forplimgraneak boyd Wnthemetadlicsl5 Cu. The lower
limit thereof is usually not less than 0.01% by weight, preferably not less than 0.05% by weight , more

preferably nBEERE A6 A96BFHERGH to the tRAETEUIRYP e cleaning SRR the upper limit
thereof is us%;lgx more i %%(@/lh\gg(ig%&%g%ga{p@w%%% e than 1% by weight, more
preferably not moré than 0.5% by weight to the total amount of the cleaning agent. Also, the surfactant
can be used in anyranaeuntes0ilanrg as dheswfactanicen, Iaweadewn surfate ¢epsien of the cleaning
agent. The lower limit thereof is usually not 25 less than 0.0001% by weight, preferably not less than
0.001% by weigrtcmbrapiefarably nptless diuii-0.005% by wreighttonhé otakamuat of the cleaning
agent, and the upper limit thereof is usually not more than 1% by weighg)tgreferably not more than

0.5% BY weiRP HERET BretérablSriot morethaRbP(eR by Weight to the 3talamountst the cleaning

agm“‘m04@-aminopropionitrile, a—aminomethylthiobutyronitri1e,

o-aminobutyronitrile and aminoacetonitrile;
a-hydroxylnitriles such asg lactonitrile,
hydroxyacetonitrile and

10



In this connection, in the present invention, use of the following compounds is not desirable:
compounds which dissolve the metal corrosion inhibiting film (particularly a Cu-ETA film) formed on
the substrate surface by decreasing pH value of the cleaning agent (for example, an inorganic acid
such as hydreeklarieagidy 10 itri¢ aeit sulfuricracid,sphiosphorig agighianshhydrefluasic acid),
compounds which oxidize the metal corrosion inhibiting film (for example, an oxidizing agen such as
phosphorusS&&i#) , asd ceiiieRinds WFthi atisers defectidd Cbwirhgsor dissdiuticrPof Cu by
specifically 1gfgacting with Cu ion to forma compl?i with Cu ( for ex rE{I)Ie, ,phleglilgthroline or

derivatives W\erecr)]fj).n[ 6561 ' Thé %I%%ﬁ%(@nalg%ﬁ of the p?rrésent iAVention showssn effective

cleaning effgct.euan-atroemstemperatuie, L0 Rutdpay he usgdafterpraperly warmed up, because the
removal effect for fine particles is rather larger at a higher temperature. When warmed up, the lower
limit of $he tempesaturelisrusually aot lower thaan3GQ epreferablysot loveerdhan 35€smore preferably
not lower 25 than 40C, and the upper limit thereof is usually not higher than 80C, preferably not higher

than 70C, aRATRSRBEfHREY Tbt Righéffian BEE ZRIdUTT Alfiéthod fFlr EremiisyLd Surface of
substrate otntglgrgrfégnt inverg'@g ay be dggating thgfggf@gﬁ g{gg?i@{gductor \é\{g@ the cleaning
agent of the present invention as described above. As a method for treating a surface of substrate
with the clearipg agent eidhe present invention, any method may be used so long as the cleaning
agent of the present invention can contact with a surface of substrate, and methods which are
commonly elfifldyed in the art and already known are used. 10Specifically, those includes, for

examplf, amethod where thes%eaning agent of the resegt inﬁ/entjon is simpl c%at,ed on a surface of
substrate, a method White asthEfrate i§ ipped i the dedmfg abent 6‘[’?&?%% ehtinvention (dipping

treatment), g meihgd where {he 13 clesning.agent ofthepresentigyentionds sprinklad like a shower or

sprayed on a surface of substrate (single-wafer-based treatment). Moreover, in the present invention,
particles, metatlislisnputities had acarbonafedectiche beambré 20ftectivelyrasmuead by using a
physical cleaning in combination in the cleaning. Specific methods of the combined use include
subjecting ee$utfitelof substraRPir®BhysicaPAlERHAG ¢  prodeRSRNRE PRISRABE bf the cleaning
agent of the 25(8r se%g mvgréthon. %OA& ano In the abgve-de%nbe method. a {nethod for providing

the cleaning agént of oexb/reseﬁfcl ntion m%lUﬁ%?%r%&%rﬁplg?g nie %)8%(})1 %p%ﬁllea physical

cleaning proeess i amiaiedr which a eleapingagentatthepregeatinyantiopexist specifically by the
above described method for cleaning the surface of substrate (coating method, dipping treatment and
5 single-wates-basededfeatmeht), Fosthen dhetptysecal alganing fprocessy inclpdes, dar example,
brush-scrub cleaning where a surface of substrate is cleaned with  a brush made of polyvinyl alcohol
rotating at a3idh 4k nf&asbReating Whefé kighrtrétiitiel wave is 10 [0049] A more
specific technique \QI{Z}%” %h]ysié:al. IS usec!Li\Qecrtl)mb@gtci%r%g}crllude%gor t%%mple tggggly a physical

. . SO . { .
cleaning after providing a a ent of the present invention on the strface of a 15 semiconductor by

coating saidiGleaning agenhonihe sudace phasamicondustas.ia methed torapply aphysical cleaning
after providing a cleaning agent of the present invention on the surface of a semiconductor by dipping
the seflicordactoririsaid cleaning agent, then taking 20 it out of said cleaning agent, a method to
apply a physical cleaning while a semiconductor is dipped in a cleaning agent of the present invention,
a method to Vé physical cleaning after providing a cleaning agent of the Present invention on the
surface of a semicolﬁgélctgrr%%% ghogvoeii\pgﬁ@id %@8@% ent.on the surface 82@? semiconductor,
or a method to apply a physical cleaning while a cleaning agent of the present invention is showered
on the surfage eéasesticanductor: 00504 to SHee-HBe £leantngagentrefdheprasent invention has
not only capability of removing a carbon defect, but also capability of removing particles and metallic
impurities, noevalyrEscarborpdefeat fbgcalsofpastidles 5 aipel matallip #npuritiesaghicieremain on or
adhered to a surface of substrate can_be removed (cleaned) at the same time, b¥ treating the surface

of sub&ttate SR TIEEnifG RIS e BresBHPMUERNSH. “rHus, T durfals of 886strate can be
sufficiently 10.cleansd only by,using ke gleaning. agent of thepresent ayention. hut the surface of
substrate may be subjected to the cleaning method using the cleaning agent of the present invention
as describeg;above, thendfufthebeleaned withza ateaning agedifooa subistratecwhichris 15 already
known. By treating in such way, it becomes possible to clean a surface of substrate with high
precision. InthisMnheetdmerthealrehdy kadwen cleaning agent for a substrate to be used, cleaning

agents usually used in o ,
g y The organic solvent according to the present
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20 25 the art can be JP-A-4-130100, JP-A-6-287774, JP-A-7-267933, JP-A-10-26832, JP-A-11-50275,
used,asdisclosed, JP-A-5-263275, JP-A-7-79061, JP-A-7-292483, JP-A-10-72594,
JP-A-2000-8185and for instance,in JP-A-6-112646, P-A-7-166381, JP-A-7-54169, JP-A-10-251867,
JP-A-2002-2048 A+ ABIONGhthensiosAscallesbagidia cleaning agantisnreferalle, [0Rp1] The cleaning
agent of the present invention can be used, for example, for a substrate of semiconductor such as a
so-called sificowe whferarmd aisemitoiductsrisfednpounds tfoeerample GaAssarrd. GaP), a printed
circuit board such as a polyimide resin, and a glass scght;strate 5 for LCD and PDP, and is particularly

useful for aSUbERSESF $8MiIddhater. Y TRdAhEF amdR g theseddbtas, Wik EBaning agent of the
present invention isiseful for # SHbstrate whish iseprvided with wiring of metals such as copper,
silver, 10 aluminum, tungsten-plug, chrome and gold on the surface thereof, and among them, for a
substrate which islprovicted wihaopper oa sibet witngcand parutarlyifes alsubstiate which is
provided with copper wiring, and is most useful for a substrate of semiconductor which is 15 provided
with copperififingdh e surfaté tHerése Effettof thedRFEIRRADO52] BYPEStEG Hitscleaning agent of
the present inventiogh%% finlg éalaégciles (pacrticlegétand impurities derived 1‘ror{1l é/ﬁlrious kinds of metals

. Cct. .
(metallic mﬁﬁﬁlﬁjéjsr)‘ present on a siiftdce of substraté cantbe strec |%/8I131/ removed without causing

corrosion oxidatignief-metalliguiring gspecially sppger wirng-provided, g thg e substrate surface,
and further, a carbon defect present on the substrate surface can also be removedat the same time

without remoging@. mesal corrosion inhibitor - Cu film, in particular, a Cu-ETA film. [0053]

Hereinafter, the present invention will be explained in detail by illustrating Examples and Comparative
Examﬂ)ﬂas, HRhé bresent invention should not be construed to be limited thereby in the least. 5[0054]
A metallic Cu depolsilqtgd wafg(r),na (\]{vea}g%r roy %gewnh a CE-ETA fﬂmr% waféé%qt\a}renénated with a

Far rived om slu 2 :
carbon defect and a water contaminated with a metal used in the present Examples and Comparative

Examples asggeeparsd-agoarding 16 torthedolipwing methedsiand vegth anda thiekness of Cu film on

a surface of the metallic Cu deposited wafer, a thickness of Cu-PTA film on a surface of the wafer
provided withsa EUrRTA ilmp apd an adsomptivh drvount {a remaiinyglmetd Tdacantration) of metal (Fe
atom, Al 15 atom and Cu atom) adsorbed and remaining on a surface_of the wafer contaminated with-a

metal were RFFELPELEENERg to'the ToiToliing rethodst respB&tively 6B55) [Metdliic Cu deposited
wafer];20The metallic,Gy depogjiedwafer was,phiaingd by depositing meatgllic Ciuan a surface of

4-inch silicone wafer by a sputtering method. In this connection, it was confirmed by the method
shown belowthat adghickness of chpperran avsigface nb29&gaid metallic Cedepesited wafer was 1,000

nm. [0056] [Wafer provided with a Cu-ETA film]

benzotriazole, lower alkylbenzotriazoles such as 4- or
5-methylbenzotriazole, 4- or 5-ethylbenzotriazole, 4-
or 5-propylbenzotriazole, 4- or

20 5-isopropylbenzotriazole, 4- or 5-n-butylbenzotriazole,
4 - or } 5-igobutylbenzotriazole, 4 - or
5-pentylbenzotriazole, 4- or G5S-hexylbenzotriazole; -
5-methoxybenzotriazole, 1-hydroxybenzotriazole,
5-hydroxybenzotriazole, dihydroxypropylbenzotriazole,

25 carboxybenzotriazole,
2,3-dicarboxypropylbenzotriazole,
1—[N,N—bis(2—éthy1hexyl)aminomethyl]benzotriazole,
1-[maleic acid] benzotriazole, - 1~ {gubstitited

aminomethyl) -tolyltriazole (Trade Name: IRGAMET 42,

12



The wafer provided with a Cu-PTA film was obtained by oxidizing a Cu surface of the metallic Cu
deposited wafer with 0.1% B202 for 15 min, thereafter dipping in 1% aqueous ETA solution for 20
min. In this connection, it was confirmed by the method shown below that a thickness of Cu-ETA film
on a surfacéboaf said wafer pravided @dthesy Cu-ETA film weist109naya sP05ZhR/afer contaminated

~ with a carbon defect] The wafer contaminated with a carbon defect was obtained by dipping the
wafer providéd ith PERALA fifvr 20T & SBRirAE ETA aqueous solution at 80C for 40 min, then

cooling the wafer gt 10C under the nitrogen atmosphere. . In this connection, it was confirmed by
direct meas rér%é%t]&sﬁﬁg %%ﬁfug%r%ﬁ%%jctron spe(:tr([)%coeprTcl:1 %%}5 %zififﬁ]a?ﬁﬁe carbon defect

was adsorbgd anchrepaining #N8 Gy TR fily of theiwafer surface. [0058] [WaterLontaminated with
metal] The wafer contaminated with metal was obtained 20 dipping a 6-inch silicone wafer, surface of

which Was éxidizeéddo BiG2 By thetmabdxidatiomincHebflarr atpgeoustsiurayz (a 6.1%-hydrogen
peroxide aqueous containing 1% of silica) added with Fe ion so as to be 0.1 ppm, 1L of an aqueous

slurry (a 0.1%% hydrogen pgf&&&er(?&ﬂﬁiﬁﬂ?gr%ﬁ@}&'silic'a) addemf?ﬁﬂ?bhaé’@&se‘to be 0.1 ppm, or
1L of an aqueous sy (a QL% ydregenperoxide coptaining, L of silica), addedwith Cu ion so as to

be 0.1 ppm, each for 1 min, respectively, then rinsing the wafer with*flowing ultra pure water for 10
mm, followeskhyspin-dpong  chdhisreoapestiomdt wassaanfirmedhy $e-methods shown below,
that 5 x 1013 atom/cm2 of Fe (iron atom), 8x 1013atom/ cm2 of Al (aluminumatom), or 3 x
1014atom/chexBheli{B6pperatom) AeB zRs6irraifd rémapiap Yespedhselys 40059] [Wafer

conta%nated with articlest} The Wifer contaminate&iéa\%tg a_LrtiCIes was obtained 10 by dipping a wafer

provided with & }é}ﬁ- TRTMm N aélﬁ%lq%eous slurrcyy 5T 3% & ml?lré”h%(\e/ing an avesr%gg particle diameter

of 0.2 Am fos L i, then Hinsing the wafer with flowing diitra, purewates for 10 min, fojlowed by
spin-drying. 15In this connection, it was confirmed by the method shown below that about 8,000

particles pep64ndlyvateraveresadsorbed and remaining on said wafer. [0060] [Measuring method for
thickness of metallic Cu film] 20A wafer was divided into two halves, and a thickness of metallic Cu
film was measured By dBsEHBRPHR o83 SethbnFRereorusiAg ShtelettrbATHIBFOIBpe. [0061]

[Measuring method far thickness af PTA film] 25 A wafer w ivided.into. two halves, and
qrfhickness < Bl !

Cu-
thickness of a Cu-PTA filmivas r‘%é%%&’r%ﬁ by c?bseer\}/clﬁ\g‘j[1 te¢ross se&tiovi"]hth%krléof ucs>|ng a SEM (a

scannifig elegtraipmicrogeare).{0862L-dMeasuring method feematabcongeniration
then solidify by cooling on a metal corrosion inhibiting
film (for example, a Cu-BTA £film) formed on a
semiconductor substrate with metal wiring such as of Cu
and Ag »provided thereon.
20  [o016]
The complexing agent according to the present
invention is not particularly limited so long as it forms
a complex with metallic impurities, and includes, for
example, a compound having at least one carboxyl group
25 in a molecule, a compound having at least ohe phosphonic
acid group in a molecule, N-substituted amino acids,
condensed phosphoric acids, and ammonium salts or alkali
metal salts thereof.

[0017]
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Metals (Fe, Al and Cu) adsorbed and remaining on the wafer surface were dissolved with an aqueous
solution of hydrofluoric acid and nitric acid and recovered, then metal concentration in said recovered
solution was measured by an atomic absorption spectrometry (a graphite furnace atomic absorption

spectrometer). Adsgiption @RS Kemaining-etal sensektrations)of nefabatoms,(Fe atom, Al
atomandCu atom) were calculated 10 based on the measured values obtained. [0063] [Measuring
method for aumberlsipatticle] is  Parittessddsprbed and i¢maming o theawafengurface were
measured usin}g a surface foreign material 15 inSfection apparatus (a particle counter). [0064] In this

connection 5 THE BreiRt ExsmplethitfEbRParati® ExAmhpleIah ot ¥ BpniaAd Polo representing
a concentratign é\recgm%a ight ratiq, uglqﬁg ggcqjli%ryvi%qqaotggelégrﬂeéaﬁl[L?/f waters used

were ultra pure water, and Wwere used after confirming that Fe, Al or Cu contained was not more than

0.01 ppb, respettively Examples2nfQR55|Fxamples hdogdl vchasthrafthe wafarazontaminated with
a carbon defect, the wafer provided with a Cu-ETA film and the metallic Cu deposited wafer, which
were prepafédisiithe BBoVe-déscfibed MetholE AW&SippingdhdUP of e&etFéleanifg agent described

in Table 1 at room temperature for 5 hours. Thereafter of wafers,was.taken out, rinsed with ultra
et B B G L e oot thu

treated, pregence of fhe garbon defect adserbed-andJeiaining gn said wafgrsurfagg was confirmed
to evaluate capability of removing carbon defect, by direct measurement using an Auger photoelectron

spectroscopid L@ ahalyzéncet And as iglthd Weddr peovitled Wwithid Cu=E PAdit,ahickness of a
Cu-ETA film on the wafer surface was measured to confirm_an influence (occurrence of dissolution

and ellfion)iithe CUETA film. 18RBRRer, a8%o thePMEVMCE L HRPositdPRERIF I or tone of a Cu
fil f th f f heck isual inati fi idati f metalli
M surtace on, e Walarura ea%i‘ég vfézlgga%é‘é}ﬁ#gv%xgrﬂ%%@ci%g%&g?ﬁ?’gu lon of metallic

Cu, and filmptﬁl ness of( etallic Cu on the wa urface was'meas irm o¢currence of 20

corrosion onstheyRetstlicsGy-1Thatesylts are showin- k] ie 11 {3066f Jd gbleuld nT kigkness of Cu filrn
(rim] r 000t 1 Coot F 0001 Y.1)1 coot 1:1001 [ oom 000 |1 0001
ethylendiamine tetraacetic acid [EDTA], ethylendiamine
diacetic acid [EDDA], ethylendiamine dipropionic acid
15 dihydrochloric acid [EDDP],
hydroxyethylethylenediamine triacetic acid [EDTA-OH],
1, 6-hexamethylenediamine-N,N,N’ ,N’'- tetraacetic acid
[HDTA], triethylenetetramine hexaacetic acid [TTHA],
diethylenetriamine-N,N,N’ ,N’‘’ N'’-pentaacetic acid
20 [DTPA] and N,N-bis(2-hydroxybenzyl)ethylenediamine-
N,N-diacetic acid [HBED] ; polyaminoalkane
polycarboxylic acids such as diaminopropane tetraacetic
acid [Methyl-EDTA] and trans-1,2-diaminocyclohexane-
N,N,N’,N’'-tetraacetic acid [CyDTA]; polyaminoalkanol
25 polycarboxylic acids such as diaminopropanol
tetraacetic acid [DPTA-OH]; and hydroxyalkylether
polyamine polycarboxylic acids such as glycolether
diamine tetraacetic acid [GEDTA].

[o018]
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0001![ 006 00011 1 DCCL 1006 I 0001 0001 10001 boot 1-Door| Dom 11101. 000t Color tone
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luster | metallic luster! metallic luster - metallic luster | 1metallic luster | metallic luster' metallic luster

metalllc luster | metgyjlic dumetatlicyster! metallig lyster, m glgg ter metallicjusted metallic
lusled 'metallic luster | me tal ic luster' metallic luster’ Thickness o TA film I (cm! loo

group in molecule includes, for example, a
nitorogen-containing polyphosphonic acid having 1 to 6
nitrogen atomg and 1 to 8 phosphonic acid groups in a
5 molecule such as alkylaiminopoly (alkylphosphonic acid),
mono- or polyalkylenepolyamine poly{alkylphosphonic
acid) and nitrilopoly (alkylphosphonic acid) ;
arylphosphonic acid; alkylenepolyphosphonic acid; and
alkanepolyphosphonic acid which may have a hydroxyl

10 group.
The compound having at least one phosphonic acid
group is more preferably a compound represented by the

following general formula [1], [2] or [4]:

[0019]

1
—C—PO3H, [1]

[0020]

(wherein, X represents a hydrogen atom or a hydroxyl group,

and R' represents a hydrogen atom or an alkyl group);

[0021]
Q
Y——R2-N< [2]
50 R®—PO3H,
[0022]

(wherein, Q represents a hydrogen atom, or -R*-PO;H, group,
R? and R® represent each independently an alkylene group,
and Y represents a hydrogen atom, —-R*-PO3H, group or a
25 group represented by the following general formula [3]):

[0023]

15
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Q
—N_ (3]
R®—PO3H,
[0024]

(wherein, Q and R® are same to the above) ;

[0025]
Zt\\ 73 ,
4_ N
2/N—ER f’\t#R N\ . [4]
Z 5 Z
5 Z
[0026]

(wherein, R* and R® represent each independently a lower
alkylene group, n represents an integer of 1 to 4, Z' to
z* and at least 4 of n x Z° represent an alkyl group having
10 a phosphonic acid group, and the rest represents an alkyl
group.)
[0027]
In the general formula [1], the alkyl group
represented by R' is preferably a straight chained or a
15 branched one having 1 to 10 carbon atoms, and includes,
for example, a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, an isobutyl
group, a tert-butyl group, a sec-butyl group, a n-pentyl
group, an isopentyl group, a tert-pentyl group, a
20 l-methylpentyl group, a n-hexyl group, an isohexyl group,
a heptyl group, an octyl group, a nonyl group and a decyl
group.
In the general formulae [2] and [3], each of the
alkylene groups represented by R* and R*® is preferably
25 a straight chained or a branched one having 1 to 10 carbon
atomeg, and includes, for example, a methylene group, an

ethylene group, a propylene group, a methylethylene

16



Oloo LJzllzlzz H 1g IClI Organic solvent conc.: 1% by W-11.1 1 COpuoylawi
COlour.Thuoi 11SoproPylalcohol 0.2 inethoxyethanol 02 kthylenycol 31 ‘acetone 0.2 lacetonilrile
021 | co oubgeu | COpuor4to ICO logoairsiAdoPsil 12-methoxyethanol 5 | 10046aiArrral acetone 10 |

¢ group, an ethylmethylene group, a butylene group, a
2-methylpropylene group, an ethylethylene group, a
pentylene group, a 2,2-dimethylpropylene group, a
2-ethylpropylene group, a hexylene group, a heptylene

5 group, an octylene group, a 2-ethylhexylene group, a
nonylene group and a decyléne group .

In the general formula [4] , the lower alkylene group
represented by R* or R® is preferably a straight chained
or a branched one having 1 to 4 carbon atoms, and

10 specifically includes, for example, a methylene group,
an ethylene group, a propylene group, a methylmethylene
group, a methylethylene group, an ethylmethylene group,
a butylene group, a methylpropylene group and an
ethylethylene group.

15 Further, in the general formula [4], the alkyl group
and the alkyl group of the alkyl group having a phosphonic
acid group represented by Z' to Z° is preferably a straight
chained or a branched one having 1 to 4 carbon atoms,
and includes, for example, amethyl group, an ethyl group,

20 a n-propyl group, an isopropyl group, a n-butyl group,
an isobutyl group, a sec-butyl group and a tert-butyl
group. The number of phosphonic acid group in these alkyl
groups is generally 1 to 2; and preferably 2.

- Among them, a compound in which all of 2Z' to z* and

25 n x Z° are alkyl groups having a phosphonic acid group
in the above general formula [4] is preferable; due to
ahighabilitytx>fomnacomplexwithﬁeﬁallicimpurities.
Further, n in the above general formula [4] is preferably

an integer of 1 to 2, from the viewpoint of easiness in

17
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15

20

25

[0028]
Specific examples of the compound having at least

one phosphonic acid group in a molecule to be used in

the present invention include, for example,
alkylaminopoly (alkylphosphonic acid) such as
ethylaminobis (methylenephosphonic acid) and
dodecylaminobis (methylenephosphonic acid); wmono- or

polyalkylenepolyamine poly(alkylphosphonic acid) such
as ethylenediaminebis (methylenephosphonic acid)
[EDDPO], ethylenediamine tetrakis(ethylenephosphonic
acid), ethylenediamine tetrakis(methylenephosphonic
acid) [EDTPO] , hexamethylenediamine
tetrakis (methylenephosphonic acid),
isopropylenediamine bis(methylenephosphonic acid),
isopropylenediaminetetra (methylenephosphonic acid),
propanediamine tetra(ethylenephosphonic acid) [PDTMP],
diaminopropanetetra (methylenephosphonic acid) [PDTPO],
diethylenetriamine penta (ethylenephosphonic acid)
[DEPPO], diethylenetriamine penta(methylenephosphonic
acid) [DETPPO] , triethylenetetramine
hexa (ethylenephosphonic acid) [TETHP] and
triethylenetetramine hexa (methylenephosphonic acid)
[TTHPO]; nitrilopoly(alkylphosphonic acid) such as
nitrilotris (methylenephosphonic acid) [NTPO] ;
arylphosphonic acids such as phenylphosphonic acid;

alkylenepolyphosphonic acids such as

alkylenediphosphonic acid and (for example,

methylenediphosphonic acid); alkanepolyphosphonic acid-

18
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‘oxalic acid 5 Icitric acid 5 !citric acid 5 _ !citric acid 10 1 3PRO Dp4p citric acid 5 citric acid 25 _
citricacid 5 llllll aceticacid 5-loxalicacid51 [ Lfr [L g 191Lz I161lot litIL6[ItE L17[L
LI91.ciOZ 61 1-81L |ZZ (cont.) Thickness of Cu film (nm)

- such as alkanediphosphonic acids which may have a
| hydroxyl group (for example, ethylidenediphosphonic
acid, l1-hydroxyethylidene-1,1’-diphosphonic acid
[HEDPO], 1-hydroxypropylidene-1,1’-diphosphonic acid

5 and l-hydroxybutylidene-1,1’-diphogphonic acid).

The N-substituted amines include, for example,
dihydroxyethylglycin [DHEG] and N-acetylglycin, and the
condensated phosphoric acids include, for example,
tripolyphosphoric acid and hexametaphosphoric acid.

10 . [0029]

Among the complexing agents according to the
present invention as described above, a compound having
at least one phosphonic acid group in a molecule is
preferable. Among those compounds, nitrogen-containing

15 polyphosphonic acids having 1 to 6 nitrogen atoms and
1 to 8 phosphonic acid groups in a molecule are more
preferable and an alkane polyphosphonic acid which may
have a hydroxyl group are more preferable, and a mono-
or polyalkylenepolyamine poly (alkylphosphonic acid), a

20 nitrilopoly(alkylphosphonic acid) and an alkane
polyphosphonic acid which may have a hydroxyl group are
perticularly preferable, because of superior solubility
in water and complexation coefficients and the like.

Further, among the compounds represented by the

25 above general formulae [1], [2] and [4], a compound
represented by the general formula [2] and a compound
represented by the general formula [4] are preferable,
and a compound represented by the general formula [4]

is particularly preferable.
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luster metallic lusted eLsnrtloiew
complexing agent include ethylenediamine

bis (methylenephosphonic acid) [EDDPO], ethylenediamine

tetrakis (ethylenephosphonic acid), ethylenediamine
5 tetrakis (methylenephosphonic acid) [EDTPO],
hexamethylenediamine tetrakis (methylenephosphonic
acid), isopropylenediamine bis(methylenephosphonic
acid), isopropylenediamine tetra (methylenephosphonic
acid), propanediamine tetra(ethylenephosphonic acid)
10 [PDTMP] , diaminopropane tetra (methylenephosphonic
acid) [PDTPO], diethylenetriamine
penta (ethylenephosphonic acid) [DEPPO],

diethylenetriamine penta(methylenephosphonic acid)

[DETPPO] , triethylenetetramine hexa (ethylenephogphonic

15 acid) [TETHP], triethylenetetramine
hexa (methylenephosphonic acid) [TTHPO] ,
nitrilotris (methylenephosphonic acid) [NTPO] ,
ethylidenediphosphonic acid,

- 1-hydroxyethylidene-1,1’-diphosphonic acid [HEDPO],
20 l-hydroxypropylidene-1,1’-diphosphonic acid and
1-hydroxybutylidene-1,1’ -diphosphonic acid.

The complexing agent according to the present
invention may be used alone or in combination of two or
more kinds.

25 [0030]

The éomplexing agent according to the present
invention is contained to capture and remove metallic
impurities which are adhered to and remain on a surface

of substrate, in particular, a surface of semiconductor
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substrate with metallic wiring provided thereon, which
has been subjected to a polishing treatment, an etching
treatment, a CMP treatment or the 1like. Metallic
impurities include, for example, those derived from a
5 transitionmetal such as iron (Fe), nickel (Ni) and copper
{(Cu); and an alkali earth metal such as calcium (Ca) and
magnesium (Mg), and are, for example, these metals
themselves, hydroxides thereof or oxides thereof. The
complexing agents according to the present invention can
10 remove the metallic impurities by forming a stable
complex ion with these metals.
[0031]
The organic acid according to the present invention
is an organic acid having at least one, preferably 1 to
15 3, and more preferably 2 to 3 carboxyl groups, and further
may have 1 to 3 hydroxyl groups and /or 1 to 3 amino groups.
[0032]
Specific examples of the organic acid according to
the present invention include, for example,
20 monocarboxylic acids such as formic acid, acetic acid,
propionic acid, butyric acid, n-valeric acid,
l-methylbutyric acid, 2-methylbutyric acid, caproic
acid, enanthic acid, caprylic acid,
trans-2-methyl-2-pentenoic acid, phenylacetic acid,
256  3-phenylvaleric acid, 4-phenylvaleric acid, benzoic
acid, w-cyclohexylbutyric acid, «o-naphthaleneacetic
acid and diphenylacetic acid; dicarboxylic acids such
as oxalic acid, malonic acid, succinic acid, glutaric

acid, adipic acid, pimelic acid, maleic acid, fumaric
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citraconic acid, mesaconic acid, isophthalic acid and
terephthalic acid; tricarboxylic acids such as
trimellitic acid, tricarbarylic acid and
5 benzenetricarboxylic acid; oxycarboxylic acids such as
oxymonocarboxylic acid [for example, hydroxyacetic acid,
hydroxybutyric acid, lactic acid and salicylic acid],
oxydicarboxylic acids [for example, malic acid, tartaric
acid and tartronic acid], oxytricarboxylic acids [for

10 example, citric acid]; and aminocarboxylic acids such
as aspartic acid and glutamic acid.

Among the above organic acids, dicarboxylic acids
and oxydicarboxylic acids are preferable.

Further, among the oxycarboxylic acids,

16 oxydicarboxylic acids and oxytricarboxylic acids are
more preferable.

More specifically, oxalic acid, malonic acid,
fumaric acid, malic acid, tartaric acid and citric acid
are particularly preferable.

20 The organic acid according to the present invention
may be used alone or in combination of two or more kinds.
[0033]

It is supposed that the organic acid according to
the present invention dissolves a metal oxide or a metal

25 hydroxide of Fe or Al though slightly, and formation of
a metal complex between a metal ion generated by
diggsolution and a complexing agent results in a shift
of the equilibrium towards more metal dissolution,

improving dissolving power of the organic acid for metal,
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[0034]
The cleaning agent for a substrate of the present
5 invention (hereinafter abbreviated as “a cleaning agent
of the present invention”) contains an organic acid and
/or a complexing agent and an organic solvent according
to the present invention, in particular, the cleaning
agent containing all of three components of an organic
10 acid, a complexing agent and an organic solvent is
preferable. Further, the cleaning agent of the present
invention is usually in a state of»solution, preferably
an agueous solution, and prepared by dissolving the
organic acid and /or the complexing agent and the organic
15 solvent according to the present invention as described
above in water.
[0035]
When concentration of the organic solvent according
to the present invention to be used is too low, the carbon
20 defect cannot be sufficiently removed. On the contrary,
too much amount of the organic solvent according to the
present invention to be used disturbs complexing agent,
organic acid, surfactant or the 1like to exhibit
performances described above sufficiently, causing a
25 problem that the removal effect for metal impurities or
particles is lowered, and is not preferable from the
viewpoint of cost.
Further, when concentration of the organic acid

according to the present invention or the complexing
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sometimes very weak 1in the case when a surface of
substrate is unexpectedly heavily contaminated. On the

5 other hand, a too high concentration of the organic acid
according to the present invention to be used doesg not
influence the cleaning effect, but is not preferable from
the viewpoint of cost. Further, a too high concentration
of the complexing agent according to the present

10 vinvention to be used does not influence the cleaning
effect, but leads to a harmful carbon contamination on
a surface of semiconductor substrate, which causes a
problem in electric characteristics, and is not
preferable from the viewpoint of cost.

15 [0036]

Usually, the organic acid according to the present
invention is used in a concentration range so that a ratio
of the organic acid to the total amount of the cleaning
agent becomes, in the lower limit, usually not lower than

20 0.05% by weight, preferably not lower than 0.025% by
weight, more preferably not lower than 0.5% by weight,
further more preferably not lower than 1% by weight, and
in the upper limit, usually not higher than 50% by weight,
preferably not higher than 40% by weight, more preferably

256 not hiéher than 30% by weight, further more preferably
not higher than 10% by weight.

The complexing agent according to the present
invention is used in a concentration range so that a ratio

of the complexing agent to the total amount of the
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0.025% by weight, more preferably not lower than 0.05%
by weight, further more preferably not lower than 0.1%
5 by weight, and in the upper limit, usually not higher
than 30% by weight, preferably not higher than 10% by
weight, more preferably not higher than 5% by weight,
further more preferably not higher than 1% by weight.

The organic solvent according to the present

10 invention is used in a concentration range zo that a ratio
of the organic solvent to the total amount of the cleaning
agent becomes, in the lower limit, usually not lower than
0.05% by weight, preferably not lower than 0.1% by weight,
more preferably not lower than 0.5% by weight, further

15 more preferably not lower than 1% by weight, and in the
upper limit, usually not higher than 50% by weight,
preferably not higher than 40% by weight, more preferably
not higher than 20% by weight, further more preferabiy
not higher than 10% by weight.

20 [0037]

A method for dissolving the organic acid and/or the
complexing agent and the organic solvent according to
the present invention in water is not particularly
limited so long as a solution finally containing these

25 components can be prepared.

Specifically, the method includes, for example, (1)
a method of directly adding the organic acid and/or the
complexing agent and the organic solvent according to

the present invention to water, and dissolving them by

25



00 loo 001 001 001 001 oot 100 Ability for removing carbon defect xxxix .<;/ Y Z

dirnethylsulfoxide3 J 2 | x dimethylformamide 3 FYI L . conc. Organic solvent pH 1% by Prol z I-- A
e o

stirring, (2) a method of mixing a solution containing
the organic acid and/or a solution containing the
complexing agent according to the present invention and
a solution containing the organic solvent according to
5 the present invention, each prepared by separately
dissblving the organic acid and/or the complexing agent
according to the present invention and the organic
solvent according to the present invention in water, or
ifnecessary,(3)an@thodofnﬁximgasolutioncontaining
10 the organic acid and the complexing agent each according
to the present invention prepared by directly adding the
organic acid and the complexing agent each according to
the present invention to water and dissolving by stirring,
with a solution containing the organic solvent according
15 to the present invention prepared by separately
dissolving the organic solvent in water, (4) a method
of mixing a solution containing the organic solvent and
the complexing agent each according to the present
invention prepared by directly adding the organic
20 solvent and the complexing agent each according to the
present invention to water and dissolving by stirring,
with a solution containing the organic acid according
to the present invention prepared by separately
dissolving the organic acid in water, and (5) a method
25 of mixing a solution containing the organic acid and the
organic solvent each according to the present invention
prepared by directly adding the organic acid and the
organic solvent each according to the present invention

to water and dissolving by stirring, with a solution
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invention prepared by separately disgsolving the
complexing agent in water.

[0038]

5 The cleaning agent of the present invention thus
prepared is preferably subjected to a treatment such as
filtrationbefore use. Watexr to be used here is preferably
one purified to some extent by a treatment such as
distillation and ion exchange, and more preferably

10 so-called ultra pure water used in the art.

[0039]

The cleaning agent of the present invention is
preferably acidic, and pH value thereof is, in the lower
limit, usually not lower than 0.5, preferably not lower

15 than 0.7, more preferably not lower than 1, further more
preferably not lower than 2, and in the upper limit,
usually not higher than 6.5, preferably not lower than
5, further more preferably not higher than 3.

[6040]

20 In the cleaning agent of the present invention,
besides the organic acid, the complexing agent and the
organic solvent according to the present invention as
described above, various kinds of auxiliary components
may be included within a range not impairing the effects

25 of the present invention.

Such auxiliary components include those usually
used in the art, and specifically, for example, a reducing
agent and a metal corrosion inhibitor which are used for

the purposes of protecting Cu of wiring and preventing
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corrosion of Cu, and a surfactant which is used for the
purpose of‘improving wetting property of the cleaning
agent to a surface of semiconductor to enhance the
cleaning effect.

5 [0041]

Thereducingagentincludes,forexample,hydrazine
and derivatives thereof, ascorbic acid and formalin.
These reducing agents may be used alone or in an
appropriate combination of two or more kinds.

10 [0042]

Further, the metal corrosion inhibitor includes,
as described above, aromatic compounds such as
benzotriazole or derivatives thereof (for example,
JP-A-51-29338, JP-A-1-195292 and JP-A-10-265979) and

15  benzimidazoles (for example, JP-A-7-79061); cyclic
compounds such as mercaptoimidazole and
mercaptothiazole (for example, JP-A-2000-87268 and
JP-A-2000-282096); aliphatic alcohol type compounds
having a mercapto group in a molecule where a carbon to

20 which a mercapto group is bonded and a carbon to which
a hydroxyl group is bonded links together adjacently,
such as mercaptoethanol and mercaptoglycerol (for
example, JP-A-2000-273663); amino acids having a thiol
group in a molecule such as cysteine and N-acetylcysteine

25 (for example, JP-A-2003-13266); and thioureas. These
surfactants may be used alone or in an appropriate
combination of two or more kinds.

[0043]

The surfactant includes, for example, nonionic
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molecule; anionic surfactants having a group selected

from sulfonic acid group, carboxyl group, phosphonic
acid group, sulfoxyl group and phosphonoxyl group in a

5 molecule; amphoteric surfactants such as alkylbetaine
‘derivatives, imidazoliniumbetaine derivatives,
sulfobetaine derivatives, aminocarboxylic acid
derivatives, imidazoline derivatives and amine oxide
derivatives.

10 Nonionic surfactants having a polyoxyalkylenegroup
in a molecule include, for example, polyoxyalkylene
alkylether and polyoxyalkylene polyalkylarylether.
More specifically, nonionic surfactants include, for
example, nonionic surfactants having a polyoxyehylene

15 group in a molecule such as polyoxyethYlene alkylether
and polyoxyethylene alkylphenylether; nonionic
surfactants having a polyoxypropylene group i1in a
molecule such as polyoxypropylene alkylether,
polyoxypropylene alkylphenylether; nonionic

20 surfactants having a polyoxyehylene group and a
polyoxypropylene group in a molecule such as
polyoxyethylenepolyoxypropylene alkylether and
polyoxyethylenepolyoxypropylene alkylphenylether.

Among them, particularly preferable nonionic

25 surfactants are polyoxyalkylene alkylethers. More
specifically, nonionic surfactants having a
polyoxyethylene group in a molecule such as
polyoxyethylene alkylether and nonionic surfactants

having a polyoxyethylene and a polyoxypropylene groups
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in a molecule such as polyoxyethylene polyoxypropylene
alkylether are particularly preferable.

Further, among polyoxyalkylene alkylethers having

a polyoxyehtylene and a polyoxypropylene groups in a

5 molecule, a compound represented by the formula:

CH; (CHy)x -O- (CH2CH;0) 1 - (CH, CH(CH;3 ) O)n -H (wherein, k =7

to 20, preferably 11, 1 = 4 to 20, preferably 13 to 14,

m=1to 6, preferably 1 to 2) is particularly preferable.

More sgpecifically, methanol, ethanol, isopropyl

10 alcohol, 2-methoxyethanol, 2-(2-butoxyethoxy)ethanocl,

ethyleneglycol, diethyleneglycol monomethylether,
acetone, acetonitrile and polyoxyethylene
polyoxypropylene alkylether (particularly
CH; (CHz )11 -0-(CH2CH0)13-14-(CH; CH(CH3)O) 1.2 -H) are

15 preferable. Among them, methanol, ethanol, isopropyl
alcohol, 2-methoxyethanol, ethyleneglycol,
diethyleneglycol monomethylether, acetonitrile and
polyoxyethylene polyoxypropylene alkylether
[particularly CH; (CH3)11-0-(CH;CH,;0)13-14-

20 {CH,CH(CH;)O};.,-H] are more preferable.

Anionic surfactants having a group selected from
sulfo group, carboxylic group, phosphonic acid group,
sulfoxyl group and phosphonoxyl group in a molecule
include, for example, anionic surfactants having a sulfo

25 group in a molecule such as alkylsulfonic acid,
alkylbenzenesulfonic acid, alkylnaphthalene sulfonic
acid, and salts thereof (for example, salts of an alkali
metal such as sodium and potagsium; and ammonium salt) ;

anionic surfactants having a carboxyl group in a molecule
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acid, alkylnaphthalenecarboxylic acid, and salts
thereof (for example, salts of an alkali metal such as
godium and potassium; and ammonium salt); anionic

5 surfactants having a phosphonic acid group in a molecule
such as alkylphosphonic acid, alkylbenzenephosphonic
acid, alkylnaphthalenephosphonic acid, and salts
thereof (for example, salts of an alkali metal such as
sodium and potassium; and ammonium salt); anionic

10 surfactants having a sulfoxyl group in a molecule such
as alkyl sulfate, alkylbenzene sulfate, polyoxyethylene
alkyl sulfate, polyoxyethylene alkylbenzene sulfate,
polyoxyethylene alkylnaphthalene sulfate, and salts
thereof (for example, salts of an alkali metal such as

15 sodium and potassium; énd ammonium salt) .

Among them, anionic surfactants having a sulfo
group or a sulfoxyl group in a molecule are particularly
preferable. More specifically, anionic surfactants
having a carboxyl group 1in a molecule such as

20 alkylbenzenesulfonic acid and anionic surfactants
having a sulfoxyl group in a molecule such as
polyoxyethylenealkyl sulfate are particularly
preferable.

Among the above mentioned surfactants, nonionic

25 surfactants and anionic surfactants are preferable.

These compounds may be used alone or in combination
of two or more kinds.
[0044]

These auxiliary components may be used in such a
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art. For instance, the reducing agent may be used in any
amount, so long as the reducing agent can prevent
oxidation of metallic Cu. The lower limit thereof is
usually not less than 0.01% by weight, preferably not
less than 0.05% by weight, more preferably not less than
0.07% by weight to the total amount of the cleaning agent,
and the upper limit thereof is usually not more than 5%
by weight, preferably not more than 1% by weight, more
preferably not more than 0.5% by weight to the total
amount of the cleaning agent. Further, the metal
corrogion inhibitor can be used in any amount, so long
as the inhibitor c¢an suppress dissolving power of the
cleaning agent for Cu by forming a weak bond with metallic
Cu. The lower 1limit thereof is usually not less than 0.01%
by weight, preferably not less than 0.05% by weight, more
preferably not less than 0.1% by weight to the total
amount of the cleaning agent, and the upper limit thereof
is usually not more than 5% by weight, preferably not
more than 1% by weight, more preferably not more than
0.5% by weight to the total amount of the cleaning agent.
Also, the surfactant can be used in any amount, so long
as the gsurfactant can lower down surface tension of the
cleaning agent. The lower limit thereof is usually not
less than 0.0001% by weight, preferably not less than
0.001% by weight, more preferably not less than 0.005%
by weight to the total amount of the cleaning agent, and
the upper limit thereof is usually not more than 1% by

weight, preferably not more than 0.5% by weight, more
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preferably not more than 0.1% by weight to the total
amount of the cleaning agent. |
[0045]
In this connection, in the present invehtion, use
5 of the following compounds is not desirable: compounds
which dissolve the metal corrosion inhibiting film
(particularly a Cu-BTA film) formed on the substrate
surface by decreasing pH value of the cleaning agent (for
example, an inorganic acid such as hydrochloric acid,
10 nitric acid, sulfuric acid, phosphoric acid and
hydrofluoric acid), compounds which oxidize the metal
corrosion inhibiting film (for example, an oxidizing
agent such as phosphorus acid), and compounds which cause
adefective Cuwiring or dissolutionof Cuby gspecifically
15 reactingwith Cuionto forma complexwithCu (for example,
phenanthroline or derivatives thereof) .
[0046]
The cleaning agent of the present invention shows
an effective cleaning effect even at room temperature,
20 but may be used after properly warmed up, because the
removal effect for fine particles is rather larger at
a higher temperature. When warmed up, the lower limit
of the temperature is wusually not lower than 30°C,
preferably not lower than 35°C, more preferably not lower
25 than 40°C, and the upper limit thereof is usually not
higher than 80°C, preferably not higher than 70°C, and
more preferably not higher than 60°C.
[0047]

A method for cleaning a surface of gubstrate of the
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semiconductor with the cleaning agent of the present
invention as described above.

As a method for treating a surface of substrate with

5 the cleaning agent of the present invention, any method
may be used so long as the cleaning agent of the present
invention can contact with a surface of substrate, and
methods which are commonly employed in the art and already
known are used.

10 Specifically, those includes, for example, a method
where the cleaning agent of the present invention is
simply coated on a surface of substrate, a method where
a substrate is dipped in the cleaning agent of the present
invention (dipping treatment), a method where the

15 cleaning agent of the present invention is sprinkled like
a shower or sprayed on a surface of substrate
(single-wafer-based treatment).

Moreover, in the present invention, particles,
metallic impurities and a carbon defect can be more

20 effectively removed by using a physical cleaning in
combination in the cleaning.

Specific methods of the combined use include
subjecting a surface of substrate to a physical cleaning
process in the presence of the cleaning agent of the

26 present invention.

[0048]

In the above-degcribed method, a method for

providing the cleaning agent of the present invention

includes, for example, a method to apply a physical
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" cleaning process in a state in which a cleaning agent
of the present invention exist specifically by the above
described method for cleaning the surface of substrate
(coating method, dipping treatment and

5 single-wafer-based treatment). Further, the physical
cleaning (process) includes, fof example, brush-scrub
cleaning where a surface of substrate is cleaned with
a brush made of polyvinyl alcohol rotating at a high speed
and megasonic cleaning where high frequency wave is used.

10 [0049]

A more specific technique when physical cleaning
is used in combination includes, for example; a method
to apply a physical cleaning after providing a cleaning
agent of the present inveﬁtion on the surface of a

15 semiconductor by coating said cleaning agent on the
surface«afa.semiconductor,a.methodtx:applyeaphysical
cleaning after providing a cleaning agent of the present
invention on the surface of a semiconductor by dipping
the semiconductor in said cleaning agent, then taking

20 it out of said cleaning agent, amethod to apply a physical
cleaning while a semiconductor is dipped in a cleaning
agent of the present invention, a method to apply a
physical cleaning after providing a cleaning agent of
the present invention on the surface of a semiconductor

25 by showering said cleaning agent on the surface of the
semiconductor, or a method to apply a physical cleaning
while a cleaning agent of the present invention is
showered on the surféce of a semiconductor.

[0050]
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Since the cleaning agent of the present invention
has not only capability of removing a carbon defect, but
also capability of removing particles and metallic
impuritiesg, not only a carbon defect, but also particles

5 and metallic impurities which remain on or adhered to
a surface of substrate .can be removed (cleaned) at the
same’time, by treating the surface of substrate with the
cleaning agent of the present invention.

Thus, the surface of substrate can be sufficiently

10 cleaned only by using the cleaning agent of the present
invention, but the surface of substrate may be subjected
to the cleaning method using the cleaning agent of the
present invention as described above, then further
cleaned with a cleaning agent for a substrate which is

15 already known.

By treating in such way, it becomes possible toclean
a surface of substrate with high precision. In this
connection, as the already known cleaning agent for a
substrate to be used, cleaning agents usually used in

20 the art can be used, as disclosed, for instance, in

JP-A-4-130100, JP-A-5-263275, JP-A-6-~11264¢,
JP-A-6-287774, JP-A-7-79061, JP-A-7-166381,
JP-A-7-267933, JP-A-7-292483, JP-A-7-541689,
JP-A-10-26832, JP-A-10-72594, JP-A-10-251867,

25 JP-A-11-50275, JP-A-2000-8185 and JP-A-2002-20787.
Among them, a so-called acidic cleaning agent 1is
preferable.

[0051]

The cleaning agent of the present invention can be
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Ctoutp[01 lisopropylalcohol 3 Vmethoxyethanol 3 12-(2-buloxyethoxy) 3 ethanol 1Cloakt6 auelity.Wi
C 103/ClualkL1191P ‘acetone 1,3 | Copituoloopi Iblimethylsulfoxide 3 | [dimelhylformamide 3]
IcoUolao(oTAiIng-01/41 ICunintorpAgor.pi Mel hyl 3-methoxy 3 propionate dimethylsulfoxide 3

dimethylformamite 8oy-butyratacioned: tetimliydeofuran Srmethvl Sonathexy prepienate
CePtx011051M-RaulP dimethyltormamide 3 Complexing conc. agent t% by WT) IHEDPO 0.1 V109I
100d1-1131agOric £3014atobeidl F'ODHdanEOMNACDX dRgd1 8l feoNV1081deovin rdd'OVICIAI

IrodH1.21 ro Ir'odd311 , a ,
compounds (for example GaAs and GaP), a printed circuit

board such as a polyimide resin, and a glass substrate
5 for LCD and PDP, and is particularly useful for a
substrate of semiconductor.

Further, among these substrates, the cleaning agent
of the pregent invention is useful for a substrate which
is provided with wiring of metals such as copper, silver,

10  aluminum, tungsten-plug, chrome and gold on the surface
thereof, and among them, for a substrate which is provided
with copper or silver wiring, and particularly for a
substrate which is provided with copper wiring, and is
most useful for a substrate of semiconductor which is

15 provided with copper wiring on the surface thereof.

Effect of the Invention
[0052]
By using the cleaning agent of the present invention,

20 fine particles (particles) and impurities derived from

various kinds of metals (metallic impurities) present

on a sufface of substrate can be effectively removed

without causing corrosion or oxidation of wmetallic

wiring, especially copper wiring provided on the
25 substrate surface, and further, a carbon defect present

on the substrate surface can also be removed at the same

time without removing a metal corrosion inhibitor - Cu

film, in particular, a Cu-BTA film.

[0053]
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IEDTA 0.01 I[ IVIM 100 V.LUAD IrodH131. L_ 10.0Viol I aoVial L topvinAD conc. Organic acid 1% by
WI) ! Initric acid 0.5 Ihydrofluoric acid 0.1 hydrofluoric acid 0.1 [hydrofluoric acid 0.1 Ihydrofluoric
acid 0.1 hydrofluoric acid 0.1 hydrofluoric acid 0.1 _I Ihydrofluoric acid 0.1 1hydrofluoric acid roppo

DitookatpAti Initrictaci@ ih3 mitrie, acidc8.5 1 ;ﬁlggemtd | s-apep appik nitkig agid Okl hydrofluoric acid
0.1 hydrofluoric acid 0.1 hydrofluorlc acid 0.1 | hydrofluoric acid hydrofluoric acid 0.11 1 gppo novo
oxalic acid Bkrivoil&L7| o isldAS 1] EPY Pcillustrating Examples and

Comparative Examples, but the present invention should
not be construed to be limited thereby in the least.
5 [0054]
Ametallic Cudepositedwafer, awafer provided with
a Cu-BTA film, a wafer contaminated with a carbon defect
and a wafer contaminated with a metal used in the present
Examples and Comparative Examples are prepared according

10 to the following methods and used, and a thickness of
Cu film on a surface of the metallic Cu deposited wafer,
a thickness of Cu-BTA film on a surface of the wafer
provided with a Cu-BTA film, and an adsorption amount
(a remaining metal concentration) of metal (Fe atom, Al

15 atom and Cu atom) adsorbed and remaining on a surface
of the wafer contaminated with a metal were measured
according to the following methods, respectively.
[0055]

[Metallic Cu deposited wafer]

20 The metallic Cu deposited wafer was obtained by
depositing metallic Cu on a surface of 4-inch silicone
wafer by a sputtering method.

In this connection, it was confirmed by the method
shown below that a thickness of copper on a surface of

25 said metallic Cu deposited wafer was 1,000 nm.

[0056]
[Wafer provided with a Cu-BTA f£ilm]
The wafer provided with a Cu-BTA film was obtained

by oxidizing a Cu surface of the metallic Cu deposited
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cl-s 19SILs 1 as | 65 I[9IL 69 E9c79179 [zs 09L 69 OL (cont.) Thickness of Cu film (nib) 0001
0001 0001 0001 0001 0001 0001 10001 erOtt 1 0017 001r 0017 Color tone of Cu film [metallic
luster | metallic luster !'metallic luster nelollic luster metallic luster [metallic luster m_ielallic luster

wafer with 0.1% Hy;0, for 15 min, thereafter dipping in
% aqueous BTA solution for 20 min.
In this connection, it was confirmed by the method
shown below that a thickness of Cu-BTA film on a surface
5 of said wafer provided with a Cu-BTA film was 100 nm.
[0057] |
[(Wafer contaminated with a carbon defect]
The wafer contaminated with a carbon defect was
obtained by dipping the wafer provided with a Cu-BTA film
10 in a saturated BTA agueous solution at 80°C for 40 min,
then cooling the wafer at 10°C under the nitrogen
atmosphere.
In this connection, it was confirmed by direct
measurement using an Auger photoelectron spectroscopic
15 analyzer that the carbon defect was adsorbed and
remaining on a Cu-BTA film of the wafer surface.
[0058] |
[Wafer contaminated with metall
The wafer contaminated with metal was obtained
20 dipping a 6-inch silicone wafer, surface of which was
oxidizedtaniOzbythermaloxidation,jjllLofenlaqueous
slurry (a 0.1% hydrogen peroxide aqueous containing 1%
of silica) added with Fe ion so as to be 0.1 ppm, 1L of
an aqueous slurry (a 0.1% hydrogen peroxide containing
25 % of gilica) added with Al ion so as to be 0.1 ppm, or
1L of an agqueous slurry (a 0.1% hydrogen peroxide
containing 1% of silica) added with Cu ion so as to be
0.1 ppm, each for 1 min, respectively, then rinsing the

wafer with flowing ultra pure water for 10 min, followed
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metallic luster lloss of luster lloss of luster loss c_if luster loss of luster Thickness of Cu-BTA film (ilm)
0os 001 06 oo[j[06 GOt 0 Ability for removing carbon defect X X X I ,--N

/7 by spin-drying.

In this connection, it was confirmed by the methbds
shown below, that 5 x 10 atom/cm® of Fe (iron atom),
8 x 10** atom/cm® of Al (aluminum atom), or 3 x 10** atom/cm?
5 of Cu (copper atom) was adsorbed and remaining,
respectively.
[0059]
[Wafer contaminated with particles]
The wafer contaminated with particles wasg obtained

10 by dipping a wafer provided with a Cu-BTA film in an
aqueous slurry of 3% alumina having an average particle
diameter of 0.2 um for 1 min, then rinsing the wafer with
flowing wultra pure water for 10 min, followed by
spin-drying.

15 In this connection, it was confirmed by the method
shown below that about 8,000 particles per 6-inch wafer
were adsorbed and remaining on said wafer.

[0060]
[Measuring method for thickness of metallic Cu f£ilm]

20 A wafer was divided into two halves, and a thickness
of metallic Cu film was measured.by observing the cross
section thereof using an electron microscope.

[0061]
[Measuring method for thickness of Cu-BTA film]

25 A wafer was divided into two halves, and thickness
of a Cu-BTA film was measured by observing the cross
section thereof using a SEM {a scanning electron
;microséope).

[0062]
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N N N N N N conc. Organic solvent 1% by vtm Idimethylsulfoxide 3 Wnethylsulfoxide 3
kimethylformamide 3 idimethylforrnamide 3 ly-butyrolacione 3 lietrahydrofuran 3 methyl 3-methoxy
3 propionate [ F 1 Complexing conc. agent 17. by WI] luovtadj tod111911 L0'0 OdC]I]Flj 200VHIIJ
t-ovial] SOOpie 44 hiexamete b phaspharictacid conmenitia & flunatide ammonium 0.1 fluoride
ammonium 0.2
Metals (Fe, Al and Cu) adsorbed and remaining on
‘thewafersurfamaweredissolvedwiunanaqueoussolution
of hydrofluoric acid and nitric acid and recovered, then
5 metal concentration in said recovered solution was
‘measured by an atomic absorption spectrometry (a
graphite furnace atomic absorption spectrometer).
Adsorption amounts (remaining metal concentrations) of
metal atoms (Fe atom, Al atomand Cu atom) were calculated
10 based on the measured values obtained.
[0063]
[Measuring method for number of particle]
Particles adsorbed and remaining on the wafer
surface were measured using a surface foreign material
15  inspection apparatus (a particle counter).
[0064]
In this connection, in the present Examples and
Comparative Examples,-all of %, ppm and ppb representing
a concentration are based on a weight ratio, unless
20 otherwise noted. Further, all of waters used were ultra

pure water, and were used after confirming that Fe, Al

or Cu contained was not more than 0.01 ppb, respectively.

Examples
25 [0065]
Examples 1 to 44
Each of the wafer contaminated with a carbon defect,
the wafer provided with a Cu-BTA f£ilm and the metallic

Cu deposited wafer, which were prepared by the
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fluoride ammonium 0.2 fluoride conc. Organic acid i% by Wb citric acid 5 ‘citric acid 4 01PiDo 014P
‘citric acid 5 Icitric acid 20 'citric acid 5 Pim 01-413 citric acid 5 citric acid citric acid 5 I5SP100 plilt3 1
5Plop DPIP "3 dwo zzlezIV/I5/ 911b18Z6!09r[17-1 [00701 As apparent from Tables 1, 2

and 3, whenytheceaning ageBts ohtheRresentiaention gieused(Examples 14 44), followings can
he understood: (1) carbon defect can be well removed; (2) color tone of a surface of Cu film 5 on a
wafer surfacelisarot changed,tprdvierthbethelmetallic €ulhas nodbrehoxidized; W3S thickness of a
Cu film shows little change, proving that the metallic Cu has not been corraded; (4) thickness of a

Cu-ETA film™SHows it chande pr&and fiat the Cu-BT AYRAEHAS Y8 Deedtdtdlemoved.  On the
contrary, it can e yngerstogd that a, garbop. defect canngt he remgygdwhen an organic acid

(Comparative Examples 2 to 4), a complexing agent (Comparafive Examples 5 to 8) or an organic
solventd5 (Comparative-Examplesi®io t2nisasedaiene, of when anly laororgaticacid and a
complexing agent are used in combination (Comparative Examples 13 to 22 and Comparative
Exanuﬂes78@@82¥reat6dr presence of the carbon defect adsorbed and
remaining on said wafer surface was confirmed to evaluate
capability of removing carbon defect, by direct
measurement using an Auger photoelectron spectroscopic
10 analyzer.

And as to the wafer provided with a Cu—BTA £ilm,
thickness of a Cu-BTA film on the wafer surface was
measured to confirm an influence (occurrence of
dissolution and elution) on the Cu-BTA film.

15 Further, as to the metallic Cu deposited wafer,
color tone of a Cu £ilm surface on the wafer surface was
checked by visual examination to confirm oxidation of
metallic Cu, and film thickness of metallic Cu on the
wafer surface was measured to confirm occurrence of

20 corrosion on the metallic Cu.

The resgults are shown in Table 1.

[0066]
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Further, as apparent from a comparison between 20 Examples 1 to 14 and Comparative
Examples 23 to 30, a comparison between Examples 15 to 20 and Comparative Examples 31
to 38, and a ppRAEisen between Examples 39 to 48 and Comparative Examples 69 to 77, it

can be understood respective
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Organic solvent
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1
i

conc.
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Complexing
agent

CyDTA
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EDTPO
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EDTA
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0.1

conc.
(% by WT)
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5

Organic acid
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col6 ILcLL 1c Organic solventconc. (% by WTI cojOUOIifaLLl COlout:A.110w isopropylalcohol 5
I2-methoxyethanol 10-1 ethylene glycol 2 diethylene glycol 5 onomeihyl ether 1Z.0GUOIODC)
lacetonitrile 0.2 | methanol 0.2 | methanol 0.2 isopropylalcohol 0.2 | 2-methoxyethanol 0.2 |

2-methoxyethange} 0.2 | ethylene glycol 0.2 | Complexing conc. agent (%o by WT) 1111 11 10.0VIC;
DEFT 0.1 IED1IP0O5 CyD1A 021 |

Comparative Examples 1 to 82
A wafer contaminated with a carbon defect, a wafer
provided with a Cu-BTA film and a metallic Cu deposited
5 wafer were treated in the same manner as in Examples 1
to 44 except that various sclutions described in Table
2 were used, thereafter similar =measurement and
evaluation to those in Examples 1 to 44 were carried out
on each of these wafers.
10 The results are shown in Table 3.

[0068]

45



1111111"'X]rcfr

OGHdc é@g | cc, 1 Ivs ng-71 legl (cont.) remaining Cu conc. (Cu atorn/cm2) [

i

I00dalH 100d011-1 conc. 11 Organic acid (% by WT) [citric acid 5 lacetic acid 5 pia aluoiow
[01 xI'I[ [0) x7

tumaric acid 5 Lppo Dflow tartaric acid oxalic acid 5 | oxalic acid 5

crn 6M-7 -l r

SO T IS = 2 B TENS - g PIoD SIo%0| 72
0001 [Brni sioew | 001 = 2 SPIXOIIMSAYIBWID - S P15 5I5%0] 62
0001 [ BN SIoRW |08 X 7 - 0 ONIGE| B SESEIITE a7
0001 [BIn Ipew | 001 X 7 - 100 ) SECEIE) BT
0001 |iern SIplBW | 001 x 7 - 0 ONTGET] SREITS) W7
0001 [18rni SIpBd | 001 = Z - 100 viaa[ FESEIE I
ST SR ENY ] < 3 - o odlad] PIoB SIo%0] 81
G IE G TENTS o)l " 7 - 100 ) oD SIoX0| 21
0001 [Brn SIpRd | 001 - z - 0 odaan| ¢ PI5D SIDX0] 61
0001 {ewn siplBw | 001 < 3 - 100 viaal s BI55 DIp%0] Gl
0001 |eRni SIoRw | 06 X z - o odagn| ¥ ESIERT) I
056 |Brni oW 001 " z - 100 Vool 2 oD Suoudseud| €1
0001 Bisni oiped| 00l X 7/ | 70 oplwupuuojAyauip - - 7
0001 [iewni supBW| 001 X 7170 SPIOIINSKUBID - - 0
0001 {i8rni SIplBW | 001 x 7170 SMCERS - - ol
0001 [Bisn oIpBd | 001 X 7T 20 TVIEW - - 3
SO EEEEENY x 5 - 0 SPITE - g
0001 |i8Rni SoBW | 001 x S - 0 RPET - 7
S IE GRS X g - 100 VgD - 5
O EEEEENY B x g - 100 VIaa - S
Q001 [Nl SHpBW | 001 X 3 - - g SESEITE I
0001 |Brni SuBBW | 001 ” z - - c EERIEE G
00y | 11N 10 550] 0 - _ - - EEEETET W
0001 |ern DuBIRW | 001 " 7 - - - ~
wd - 1w no g0 Lau)_ 19919p UOQIDD (1M Aq %) (1M Aq %) webn umAaw) 3
mmcww_% SUOHIOIOD M_W%_muﬁ ﬂ_%ﬂw Duoo  MBAOSIMOBIO 150057 puneidwiopn | ouos  PRPPAMPBIO

46




47

L ,[01 x 1,01 x6 Z[01 xI [[01.x9 0101 x9 x MO x 0[01 x fr 0[01 x HOE x6 0[01 x 17 O[01_ x
Z [10 1 x OLO1. x 1-77.71x remaining Al conc. (At atom/cm2) ,[01. x9 [LW x r "0, X, [01 X 6j0 X |
[01 x [[01 x 6 14x1C1 0,01 x 17 0i01 x9 Dia [ 9,Q[01,x 01 x ot 10[01 x O[01 x 6 i101. x 0[01 x

005 184N 4O $50| 0 — l 3 ENCIERT BTG vidal 6o SRISISIITN] BT
00y 124sn] O $5O| 0 - L € [02AI0 aushytaip| 100 viad] <o PO oupul /¥
00S 19§5n] 0O §50| 0 - L 3 [00AID suslAUdl 100 viaal <o PIoD DUy 9¥
0o¥ 19§80} 40 $50] 0 - | € IOUPUISE 0 viaal so olleleRelIEF] No
{Axoyperxoina-z)-z : o
007 1915A] JO $50] 0 - L 3 joudyleAxoytew-zf G Oddaal o pIOD DUWIUY b
00¥ 191N JO $50] 0 — { € joyoopiadoidosiy 10 dHIEL S0 poo Suul ey
N[ 00% 181$M] 4O $50] 0 — L 3 [ouoyel 100 viaal <o po ol zy
= I 121N 40 $50] 0 — L 3 jounylewl 1’0 Odd3aH] <0 poo ouul 1y
m 005 12180 10 550] 0 - L € joudllewl 10 0d1a3 ] P20 DUOIUDOIPAY] — OF
ol 056 |@snionpiew 001 % z 3 jounyiswl 100 viaal ¢ p1on duoydsoyd]  s¢
3 0001  [4eisn| loleW 001 x ¢ € sipuoidold 100 VI1GAD - 8e
uO : Axoypsw-¢ Ayl
&l 0001 Jsesn) dypjew 06 X c] ¢ uoinjoipAyoell 100 v1d3 — /£
el 000l [sisn| oyorew 06 X ¢ 5 BUOODI0AING-A] €00 JdHI3L - 9¢
m 0001 J4eisn| oypjew 001 X 3 3 SPIUDULCHAUBWIP] €00 dHI3L - 3
S 000l [Ueisn olplow 001 X ¢ € opruouloyjAytewipl ¢ Oda3H - e
@ 000l [Jeisn dyolew 001 x S 3 spiwnuULoAUBWIP] 100 YIGAD - €c
Pl 0001 ssisni toiouw 06 X £ 3 SPXOJNSIALBLLIP { OdaaH — ze
<{ 000l [I18sn|aipjew 06 X S 3 spojNsiAyBWIP! (00 V133 - TS
O 0001 }ieisn|oyolew 001 X 4 ¢ UDINJOIPAUDIS} - G [SRISSTITE] IS
nnu 000t  [Ieysn) oypiewl 001 X 4 € SUOIDDICIAING-A - G pooOuIol  4¢
0001  [1eisn djjojew 001 X z 3 SPIDUIOJAYBWIP — S SRIGTITE] IE-T4
W] oooL Jusisniopoiewl 001 X z S SPHOHNSAYIOUID - S [SIRISICINTS] B4
T 000l (=isnjoypew 001 % z S URINIOIPAYD 1S} - S pIOD DIPX0[ 92
006 485 Dljofew 001 X A S SUOIDDIOIAING-A — G PIOD DlOX0F 6T
[« {w) {uua) 108J9p UOQIDD
”w wily nD Jo Wiy 1o 4o Wil vig-nD puiancwdl Hd :.>> Aa %) LUBA|OS DIUDB} :.>> Aa %) N c.>> Aag) 120 DIUnHI 3
dssourouy SUOLIOIOD 116 ssouyoml | 1oy Apay Su02 MODIO 1 5u00  Buxeidwon | ouoo  PRPSMBBIO .46
3 .
{2))
X
-
o,
o




48

0001 o8N] DYfpjew 001 X 4 3 apluowIoyAye WPl 100 VIaAD!T S PIo0 DHOXO] O/
000l [1sisnfofplew 001 X z 3 BPIXOYNSALBWIPT (00 viaal ¢ PIoD DHOXO! 49
ooy 181$N] 40 50| 0 - | £ ?oémwwc_w_m% 100 viadl 1o pIoD SUONYOIPAYL 89
0o¥ 18450 JO 550 0 — ! € uoinjoipAuplall 100 viaal 1o p1oD duonyoIpAYl /9
~ 0o¥ 101N 40 550 0 — { 3 BUOLOLIDIAING-AY [0 dHIEL 10 PIOD DUONPOIPAYT 99
3 ooy 18§5N| O $50] 0 - { 3 SPIUDUWLOJ AU UIP t viaal 1o PIoD JHONYOIPAY] 69
300§ 181N} 40 $50] 0 - { 3 spxojinsiAuiewip] 1070 VIOADL 10 PIO0 DHONYOIPAY]  ¥9
g 18§sN| O $50| 0 - { £ eiuoldoid L0'0 viaal <o poo DUl €9
« Axoypauw-g jAylew
< 00F 18§5N] JO $50| 0 — L 3 uoinjoIpAyolel] - ¢ Oddaal o poo oupul 9
G oov 915N} JO $50| 0 — 1 € aUoODIOAING-Al 'O dHElf §0 pioD SupUl 19
@ Qov 18§50 4O $5O| 0 - 1 € SPIUDULOJAUIBUIPT |0 ETSTET! ICED) pIoD Dppul - 09
® 0oy 1915N] 4O $50] 0 — 1 3 spoynsiAyaupf 100 viaal <o poo oupul 49
& oo 18{sN} 1O $30| 0 — 1 € SILHUOIBOD! 100 viaal 1o PIOD DHONOIPAY] 85
& oov 18§5N} O §50] 0 - 1 € suoieon! 100 viad] 1o pIoD DHONPOIPAY] /G
? oor 1815n] JO.550| 0 — [ 5 J0DAID suaAyeIP] €00 dHIEL] 10 P00 2ONYOIPAYL  9¢
P oov 1a{snj 0 550 0 — [ £ I0DAID susiAydl 1070 viaag 1’0 pIoD DUONYOIPAY] GG
d oor 1815N}40 $50] 0 - t £ ouptiey Oddiaa; 10 PIoD DUONOIPAY]  +6
= {AxoyleAxong-z)-z
W 00¥ 13§sN}JO S50 0 — ] 3 joubDyiBAXoUdWZl 100 viaal 1o PO DUONYOIPAYL €5
¢__oor 1845} 0§50 0 — L € loyoojpjAdoidosif | Odd3al 1’0 PIOp DuON|OIpAYl 5
4 ooy 19§sn] JO $50] 0 — { € jouoyel 100 EETET R PioD DHONYoIPAG] (S
N 00s 18§80} JO $50] 0 — 1 € jouoyawl 100 vidaaj to p1o0 DUON|OIPAY] 0%
008 19§5N] O $50§ 0 — 1 3 ETTIeTE=TeTe) M) -~ Oda3H] g0 pIOD DUpU| 4%
Wil nD 10 ) 19919p uoqinS (1M AG %) (1M Aq %) usbo (M Aq %) 3
wWWcm_wm% 8uo} 10100 “_Ww\ww%ﬁﬂ WM_MM_FM_M_ He | ouoo OIS IODIO ouoD Buixejdwod Duod PIoD SIBBIO “dwioD

1[01. xP [[01xZ llz1g 312;10" 1[01x ZI 6 x 6J[ 11.01 xI 6 0[01 xI 6 O[0 x trZ 10,0117l ¢
xz,[[[01x6101c6lz I"cmxclz F[O I0[01 x tiZ conc. Organic solvent die.thylene glycol

0.2 monomethyd ether diethylene glycol 0.2 monomethyl ether ‘acetone 5 ‘acetone 0.2
Copungtp ethEadllE0 3))[ COpLIOL118 isopropylalcohol 072-1 isopropylalcohol 0.2 | ethylene

eippategol COeipiluolego methanol 0.2 copuogie ethanol 0.2 ethanol 0.2 COIOUOLJFC |
glycol 51 ethylen




EIIT

citric add 10 acetic acid 5

% by WI) |11

{

él tartaric acid 5 | citric acid 20 | citric acid 5 |

anc.
i

i
ac

5 1 hexameta- 0.1 1 phosphoric acid EDTPO 0.1 ILOO

18}5n] 4O $SO| 0 — — ¢0 wnuowwn| S PIOD DUDYL 28

I8jsn} 4O $50j 0 — — Z0 epuony S olieleRelbiTie] BENNT!
WINIUOLILID : T

181N} JO $50] 0 — - 10 epuony c pioo ool 08
WNIUOWILID : o

1815n] JO $50] 0 — — { epuony ol pIoL DUDl 6/
WINUOWIWID : o

18ysn| ojoisLl 001 X — 10 piop Stoydsoyd S pIo0 DUID g/
: -DsIDXsY : o

spsnioypew | ool x 2 S eiouoidoid . odamH| s proo oud| £/
; Axoyjauw-¢ IAytew ; o

185N Dlfjolow §. 06 X [4 € upinjoipAyousil 10 vid3 S proo oWt 9/

1o}sn] ofjjojow 0ol X 1 () BUOLIRIOIANG-AL 100 VHL] 02 pioo oDy G/

l8snj oljolaw 001 x 4 € SPIULULIO}AYIOWIP l OdUaH S jejrjeeliiiio] B 0

18jsn DYjjolew 06 X [4 € splupuLojAyowINt 100 VIaAD] 0t pIoo SUIdE ¢/

1ajsnj ofjijew 00l x [4 € opXxofNsiAyoWIP "0 dHIAL 14 PO DD 7/

1aisn| Dljijew 06 X [4 € apxoynsiAylawipy 100 V143 S pIoo oUWIdl 1/

{uu) 128J8p UogIDD , ]
Ll 00 40 Wil vig-no Buirowai USA|0S DIunbl ﬁZva jusbo ﬁzﬁxv 12D DURBl X
8UO} I0j0D 10 SOOI _Q.bw:p( % | ; O Juod Buxs|dwoD JU0D Pl : O ‘dwiod

IDEIPPO 5 DETPPO 0.1 CO odcol CO COVICA Toodaq yla3 oddkii IDEPPO 0.1 10odrEdi

VH11.TETHP 0.1 1 1 COOdIN Organic acid
Imalonic acid -75 -1 LfLirnaric. acid5 malic

coOdda] '00dJIO DEPPO
citric acid 51 PP GHIP citii

49

[0070]



Hil [ 1179 CLIL CL vz 1-7C 19/ [00731 Comparative Examples 83t0 95 = The wafers
contaminated with metals were treated in the similar way as in Examples 45 to 76 except for using
various solutions described in Table 5. Thereafter, the same measurement and evaluation as in

Examples 45 to 76Avge£%§gg@g@gtﬂ%thgwaggr§ coptaminated Mdth petals, Jhgrgsults are shown in
Tables 5. 10[0074] (Table 5) remaining Cu conc. (Cu atom/cm2) I-6E01. x z LsEO1. x 1010E x L,0[ x

"CH x e la 183ex&k3[0l_th2 IpfRkerBEEI IGENL x 611 H)ex Es0] Ex6EDEX 9 to
44), followings can be understood: (1) carbon defect can
be well removed; (2) color tone of a surface of Cu film

5 on a wafer surface is not changed, proving that the
metallic Cu has not been oxidized; (3) thickness of a
Cu film shows little change, proving that the metallic
Cu has not been corroded; (4) thickness of a Cu-BTA film
shows little change, proving that the Cu-BTA film has
10  been hardly removed.

On the contrary, it can be understood that a carbon
defect cannot be removed when an organic acid
(Comparative Examples 2 to 4), a complexing agent
(Comparative Examples 5 to 8) or an organic solvent

15 (Comparative Examplés 9 to 12) is used alone, or when
only an organic acid and a complexing agent are used in
combination (Comparative Examples 13 to 22 and
Comparative Examples 78 to 82).

Further, as apparent from a comparison between

20 Examples 1 to 14 and Comparative Examples 23 to 30, a
comparison between Examples 15 to 20 and Comparative
Examples 31 to 38, and a comparison between Examples 39
to 48 and Comparative Examples 69 to 77, it can be
understood respectively that a carbon defect cannot be

25 removed when a cleaning agent containing an organic
solvent other than the organic solvent according to the
present invention is used. Furthermore, as apparent from
a comparison between Examples 21 to 44 and Comparative

Examples 39 to 68, it can be also understood that a carbon

50



remaining Al conc. (Al atom/cmi zLO1 x 61 LEO x 91 L OEO1 x 9 1101 x9 [x 6 .101 x6 ILEM X' "ot x t
ot01 x z IEtO1 x IE101 x Z 10101- x 6 0101 x9 remaining Fe conc. (Fe alorn/crn2) c101 xtL 2,0[x t X

010[ x OEOI x 17 0101 x 6 LOEO1 xIx 101 xI' I11EO1 x g EzEO1. 10101. v 0,01. x 7 =a Pr Hf- - LI r3

ICV .

10

15

20

26

defect cannot be removed or a Cu-BTA film or a Cu film
is dissolved, when a cleaning agent containing an acid
other than the organic acid according to the present
invention is used.

As apparent from the'above, it can be understood
that a carbon defect can be well removed.withéut causing
corrosion or oxidation of Cu or further-losing a Cu-BTA
film, only when the gpecified organic acid and/or the
specified complexing agent and the specified organic
solvent according to the present invention are used in
combination.

[0071]
Examples 45 to 76

Each of the wafers contaminated with metals
prepared by the above-described method was dipped in 1
L each of cleaning agents described in Table 4, at room
temperature for 1 hour. Thereafter, the wafer was taken
out, rinsed with ultra pure water for 10 min, and
spin-dried.

For the wafers contaminated with metals thus
treated, remaining metal concentrations (remaining Fe
concentration, remaining Al concentration, and
remaining Cu concentration) adsorbed and remaining on
a surface of the wafer were measured, to evaluate
capability of removing metallic impurities.

The results are shown in Table 4.

(00711
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Organic acid CO by) 1% | Icitric acid 20 ppo opol citric acid 5 citric acid 5 !citric acid 5
citric acid citric acid 5 !citric acid 5 citric acid 5 citric acid 5 1 citricacid 5 I'X] I 'd w op 1T-1 99
-1 92 L [allt? I_061[6 n66 P6 Co [0075] (Asapparent from the results of Table 4 and
Table 5 can be understood that use of the cleaning agent of the present invention can greatly

reduce an amoyns,5 .oEinetal remaini surfage of wafer and the capability thereof is
equivalent or b tér%hé the cleaning ag ORYE Folised,| Asgppétentirom the
above, it can bejdhdergjoad that thé clepning|agent according (tq thé; présent ipvemtion 10 can
not only well rerheve g¢arbop defect 6P pre [ guriaceof Substrate| bltalsg effectively
remove impuriti bd fram.vario of metals (metalllc impurlties) at the same time.
[0076] 15 Examples ;7o 108 The w ntaminated with metals prepared Dy he above
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For the wafers contaminated with metals thus 25 treated, remaining metal concentrations (remaining
Fe concentration, remaining Al concentration, and remaining Cu concentration) adsorbed and
remaining on a surface of the wafer were measured, to evaluate capability of removing metallic
impurities. [odhejresults are shown in Table 6 [0077] (Table 6) remaining Cu conc. (Cu atornical2)
Q[ x1 3,01 x z 1Z1.01 x zEOL x 6 13,01 x9 ?Ant x g n01. x 8 6E01_ x [ IcEO1 x L IEEO [ x IEEME x6 x9
InoL x ELOCsr@renadining Alzconp.l@d a8dmicm2)<EO [ x 11 zi01, x zEO1. x EEO( x [ cEOL x 6,01 x

HEO1. x s zPt 'K9 cEO1 x 9£[0( x9 ZI01 x 1 EIO[ X [ zLoL x [ EEOL x z remaining
The wafers contaminated with metals were treated

in the gimilar way as in Examplés 45 to 76 except for
5 using various solutions described in Table 5. Thereafter,
the same measurement and evaluation as in Examples 45
to 76 were carried out for the wafers contaminated with
metals.
The results are shown in Tables 5.

10 [0074]
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methanol 0.2 | isopropyialcohol0.2 1 2-methoxyethanol 0.2 i 2-melhoxyerhanol ethylene glycol 0.2 |
Complexing conc. agent (% by +No 1111 11 Eciovia3 roOcic130 EDTPO 0.1 CyDTA Oml
HEDPO 0.11 HEDPO 01 I Organic acid conc' Icitric add 5 'acetic acid 5 malonic acid 5 | pop opowial
malic-acid 5(lglartaric acid 5 oxalic acid 5 | CppoaHoxa I 11111 LL 6Z1 L 19

As apparent from the results of Table 4 and Table
5, it can be understood that use of the cleaning agent
of the present invention can greatly reduce an amount
5 of metal remaining on a sgurface of wafer and the
capability thereof is equivalent or better than the
cleaning agent conventionally used.
As apparent from the above, it can be understood that
the cleaning agent according to the present invention
10 can not only well remove a carbon defect remaining on
a surface of substrate, but also effectively remove
impurities derived from various kinds of metals
(metallic impurities) at the same time.
[0076]
15 Examples 77 to 108
The wafers contaminated with metals prepared by the
above method were subjected to a brush scrub cleaning
using a brush made of poly(vinyl alcohcol), while each
of the cleaning agents described in Table 6 was sprayed
20 on a surface of said wafers. The treatment temperature
was 25°C, and cleaning time was 1 min. After cleaning,
the wafers were rinsed with ultra pure water for 10 min,
and spin-dried.
’For \the wafers contaminated with metals thus
25 treated, remaining metal concentrations (remaining Fe
concentration, remaining Al concentration, and
remaining Cu concentration)radsorbed and remaining on
a surface of the wafer were measured, to evaluate

capability of removing metallic impurities.
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L Z9 nein 198 DA-1ra 1 nTl1l 1-7-16 (cont.) remaining Cu conc. (Cu atom/cm2) =o, lup( xe UjOil< 6
] 6(01_x2I11E01 x 11101 x1 [0,01 x n0101 x 10101 x 10101 x 0101 x ¢ X9 riot x6 ICLC11 x 1[101 x
lot01 x 6 ((01 x remaining Al conc. (Al arorivom2) z[Ot x t 7101. x L tiOl x9I ziOtxi ELUL x 1[01 x "oi X

-1 The results are shown in Table 6

[0077]
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11 1r0lppo pulp acetic acid 5 Hnalonic acid 5 A rppDopowni gpipe How tartaric acid 5 OZppo Di lip
citric acid 5 ic acid 5 citric acid 5 citric acid 5 citricacid5 16666 -11 V6 1S6 196 166126 | 6 row
[tor | zo1lrcolP0O1101 141)1 | zotl 8(1-7-1 [0078] Comparative Examples 96 to 108  The
wafers contagiaied with metals were treated in the similar way as in Examples 77 to 108 except for 5
using various solutions described in Table 7. Thereafter, the same measurement and evaluation as in
Examples 7¢and@8Banerescdfriedoutfor e wafekd 8ontaminated with metals. The results are shown
in Tables 7. 10[007119}]1

e wafers contaminated with metals were treated
in the gimilar way as in Examples 77 to 108 except for
5 using*various golutions described in Table 7. Thereafter,
the same measurement and evaluation as in Examples 77
to 108 were carried out for the wafers contaminated with
metals.
The results are shown in Tables 7.

10 [0079]
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x 6 [Etot x[ 1101 x 116[01 x9 6[01 X 8 IX ICH x9 0,01 x 19 (10l x tijE I rit 1zN N  Organic solvent
conc. 1% by WT)Il 11111111 Il Cornplexing conc. agent (% by WT) tiOocuaA

[0080]
As apparent from the results of Table 6 and Table
7, it can be understood that amount of metals remaining
on a surface of wafer can be remarkably reduced when a
5 physical cleaning was conducted using the cleaning agent
of the present invention.
[0081]
Examples 109 to 140
The wafer contaminated with particles prepared by
10 the above-described method was dipped in 1 L each of
cleaning agents described in Table 8, at room temperature
for 5 hours. Thereafter, said wafer was taken out,
rinsedxﬂithwiltra.purexﬂatex‘for]i)hins, and_spin—dried.
For the wafers contaminated with particles thus
15 treated, number of particles adsorbed and remaining on
a surface of the wafer were measured, to evaluate
capability of removing particles.
The results are shown in Table 8.
[0082]
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rL6 F-T, nOTT1-.1tot1 PCO-1Alcm | VO CO1 901 L01 | 801 [0080] As apparent from
the results of Table 6 and Table 7, it can be understood that amount of metals remaining on a
surface of wafer can be remarkably reduced enap physical cleaning was conducted using

the cleanlng agent of the present invention. [0081] Examples 109 to 140 The wafer
contaminated with r%rtlt les plrepa diby 10 the jabove-desc F method was djpped in 1 L
each of cleaning a En’& desqubed in Tablﬁ= 8, af room temperafure for % hpurs.Thereafter,
said wafer was ta n@tt r|n<$ed ith lcjjlirapUrevga'grfor] mins, and spip-drigd. For the
wafers contaminatp wi h afticed His B geaia e s ﬁca&cl atisdrbad and
remaining on a su %c% Df thg wafgr were measured, [to evaluate cap b Ilty of removing
particles. The resu tééﬂ shown injTable 8. [(082]2Q (Taplg 8] 1 number of darticle
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[0083]

5 Comparative Examples 109 to 121

The wafers contaminated with particles were treated
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00Z 00 00 oop,=alziTl 1 zlz N N_Li_ Ig 1-Cconc. Organic solvent methanol 0.2 methanol
0.2 isopropylalcohol 0.2 COloutdt4oAxoTliaw-A ethylene glycol 0.2 _I rdiethylene glycol 0.2
monomethyl ether acetone 0.2 | LGINIUCItedO methanol methanol 0.2 | isopropyialcohol 0.2

2-methoxyethanah 8.2 § 2-methoxysthasol b ImthweneglycobS dLomplexingpenaagent (7. by WT) 1
e using various solutions described in Table 9. Thereafter,

the same measurement and evaluation as in Examples 109

to 140 were carried out for the wafers contaminated with

5 particles.

The results are shown in Tables 9.

[o084]
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[0085]
5 As apparent from the results of Table 8 and Table

9, it can be understood that use of the cleaning agent
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[-En 'con [0083] 5 Comparative Examples 109 to 121 The wafers contaminated with particles were
treated in the similar way as in Examples 109 to 140 except for using various solutions described in
Table 9. Thereafter, the same measurement and evaluation as in Examples 109 to 140 were carried

out for the waferscontapinatethwith padiclesnTheresults ar¢ shawe ip:T ables 9:(0084] (Table 9)
number of particle particle/wafer) 0009 1 00Z 0 0 c; 1009-1 1009 100c1 00fr 0091 OOP 00 00 100 009
Vd |z of wafer and the capability thereof is equivalent or
better than the cleaning agent conventionally used.
As apparent from the above, it can be understood that
5 the cleaning agent according to the present invention
can not only well remove a carbon defect remaining on
a surface of substrate, but also effectively remove fine
particles (particles) present on a surface of gubstrate

aswell agimpurities derived fromvarious kinds of metals

10 (metallic impurities) at the same time.
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Organic solvent conc. (Toby WT) I1111111 1 Complexing conc. agent ro by WT) Od031-1
IEDTPO 5 FLO VH11 lIOclcRa F [0-0 1TETHP 0.1 1 1.00c111\1 Ihexameta- phosphoric acid C11
ammonium fluoride ammonium 0.1 fluoride ammonium 0.2 fluoride ammonium 07 fluoride

conc.-1 Organdtagid Iclaimed is:

1. A cleaning agent for a substrate comprising [I]

an organic acid having at least one carboxyl group and
5 [or [II] a complexing agent, and [III] an organic solvent

selected from the group consisting of (1) monohydric

alcohols, (2) alkoxyalcohols, (3) glycols, (4) glycol

ethers, (5) ketones and (6) nitriles.

2. The cleaning agent according to Claim 1, wherein

10 the learning agent contains [I] the organic acid having
at least one carboxyl group and [II] the complexing agent.
3. The cleaning agent according to Claim 1, wherein
the cleaning agent is an agueous solution.

4, " The cleaning agent according to Claim 1, wherein

15 the organic solvent is one selected from the group
consisting of methanol, ethanol, isopropyl alcohol,
2-methoxyethanol, 2-(2-butoxyethoxy)ethanol, ethylene
glycol, diethylene glycol monomethyl ether, acetone and
acetonitrile.

20 5. The cleaning agent according to Claim 1, wherein
the complexing agent i1s one selected from the group
consisting of a compound having at least one phosphonic
acidgroup inamolecule, and an ammonium salt or an alkali
metal salt thereof.

25 6. The cleaning agent according to Claim 5, wherein
the compound having at least one phosphonic acid group
in a molecule is one selected from the group consisting
of nitrogen-containing polyphosphonic acids having 1 to

6 nitrogen atoms and 1 to 8 phosphonic acid groups in
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Icitric acid 10 citric acid 5 [citric acid 5 citric acid 5 citric add 5 1citric acid 5 citric acid 5 citric acid
10 citric acid 5 citric acid 5 citric acid 5 'dwoo 601 011 IIL.I 1 LI[1.1it 9 Hi61110Z 161 [0085]
As apparent from the results of Table 8 and Table 9, it can be understood that use of the cleaning

agent-of the present inventiem can-temeye) Rytiele s Ba; surtace0f waler-angdthe gapability thereof is
equivalent or better than the cleaning agent conventionally used. As apparent from the above, it
can be understomhthaptherdleaninghgent aeoerdimg tocthe grbsenitdneentidn egniedt only well remove
a carbon defect remaining on a surface of substrate, but also effectively remove fine particles

(particles) preYedtohta SurtCE oFSlibsHaR Rs walt s T paPied divetfitdm YAriéds kinds of metals

10(metallic impurties) at the same time. \What is claimed is: 1. A cleaning agent for a substrate
comprising [I] an organic acid having at least one carboxyl group and 5 /or [ll] a complexing agent, and

[IlI] an Brganic solventiselected framtheognot paconsisting ©ft(d) menohyslricaleahals, (2)
alkoxyalcohols, (3) glycols, (4) glycol ethers, (5) ketones and (6) nitriles. 2. The cleaning agent
according t& ChaifPTRRRERIA 2T 1| caFnihg3Rjer® BEnISIPRE g drié AckiIfaing at least one

carboxyl graup and [li) the.complexing agent. 3. The cleaning agent according to Claim 1, wherein the
Cloaning aguh & B S IS1G0 SEITeR, B e Eating Do SegHinG 1 i T Shnerein 15 he

organic solventis ppggelected iramihe graup sansisting.efmethanal, gthanaly isopropyl alcohol,
2-methoxyethanol, 2-(2-butoxyethoxy)ethanol, ethylene glycol, diethylene glycol monomethyl ether,
acetone and avétonitdlen2@ 5ot elednihgagedt atcosgingrto Claini 8, whereimsthercomplexing agent
is one selected from the group consisting of a compound hav;gﬂg?at least one phosphonic acid group in

a molé€ule, AP GHnfonid P&t ERER FTRAATsHTt theréot, which may have

a hydroxyl group, and an ammonium salt or an alkali metal

salt thereof.

8. The cleaning agent according to Claim 6, wherein.

the nitrogen-containing polyphosphonic acids having 1
15 to 6 nitrogen atoms and 1 to 8 phosphonic acid groups

in a molecule is one selected from the group consisting

of an alkylamino poly(alkylphosphonic acid), a mono- or

polyalkylenepolyamine poly(alkylphosphonic acid), a

nitrilo-poly{alkylphosphonic acid), and an ammonium
20 salt or an alkali metal salt thereof.

9. The cleaning agent according to claim 1, wherein

the complexing agent is one selected from the group

consisting of:

ethylenediaminebis (methylenephosphonic acid) [EDDPO];
25 ethylenediaminetetrakis (ethylenephosphonic acid) ;

ethylenediaminetetrakis(methylenéphosphonic acid)

[EDTPO] ;

hexamethylenediaminetetrakis (methylenephosphonic

acid) ;
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25 6.The cleaning agent according to Claim 5, wherein the compound having at least one phosphonic
acid group in a molecule is one selected from the group consisting of nitrogen-containing
polyphosphonic acids having 1 to 6 nitrogen atoms and 1 to 8 phosphonic acid groups in a molecule,
an aryl polypbesphanic aeiddanaikylenepahyhospbasisiasichlatkane pakphosphonic acids which
may have a hydroxyl group, and an ammonium salt or an alkali metal salt thereof. 5 7.The cleaning
agent accortfigPioclain S Wardin tee sermpethd having e 6dspbAe pAedphonic acid group in a
molecule is one selected from the groyp consisting of nitrogen-containing polyphosphonic acids having
1to6 nitrog%ﬁoéfg%% and 115 %%%%pﬁc?rgl‘g aci %?%ﬁﬁ ﬁ]gf(} a rﬁ&ééﬁlé qua fe polyphosphonic
acids WhiChd@%b%%%B’Qﬁ@%9%‘%@@%@@&(@@98&%@%‘&ef ap alkali pRgstabsalt thereof. 8. The
cleaning agent according to Claim 6, wherein the nitrogen-containino polyphosphonic acids having 1
15 to 6 hitrogea Etemhsrandrll ton phosphicnic atid Groeps:msgp mofeiculeaisiahe selected from the group
consisting of an alkylamino poly(alkytphosphonic acidY, a mono- or polyalkylenepolyamine
poly(alkylphégﬁﬁgrcﬂ@: acid), a nitrilo-poly(alkylphosphonic acid), and an ammonium 20 salt or an alkali
metal salt th f. 9 T 2anir c i laj in the plexing agent is one
selected fro%%%hﬁ%ﬁgl%%%‘g%wr?g% Sggge%%y e%%%gr%#e%%rr%et y é?%b%o%ggc%ﬁ?c acid) [EDDPQ]; 25
ethylenediamietetsakis(ethylenephosphonic acid); ethylenediaminetetrakis(methylenephosphonic
acid) [EDTPO]; hexamethylenediaminetetrakis(methylenephosphonic acid);
isopropylenédiaaiitedishedthiearpssphioniceidid)! oprossaredismintatriadmethylenephosphonic
acid); propanediaminetetra(ethylenephosphonic acid) [PETMP];

diami prop%wéwl? (methylenephosphonic acid) [PDTPO]; 5
diethylenetriapgepentatelodeocpiasphonic AUDIGERROosphonic acid)
diethylenetriaminepénta(methylenephosphonic acid) [DETPPO];
triethylenetetremsinehexa(ethylenephosphonic acid) 10[TETHP];
triethylenetetraminehexa(methylenephosphonic acid) [TTHPO]; nitrilotris(methylenephosphonic acid)
[NTPO]; ethylilenédiphsspHors aride 1S narbyetsylriehd 1| N RsHosphonic acid [HEDPO];
1-hydroxypropylidene-1,1'-diphosphonic, acid; and 1-hydroxybutylidene-1,1'-diphosphonic acid.
10.Theclean€'fr%‘é’gle)h§§ c%?‘&iﬁg aim L, Witerein theorganicacidisanorganic acidhaving2 or3
carboxy 20 IouRs-oxy et YA ¢1€2AING:AgeNt accarding o Glaim 4, wheteinhe)arganic acid is a
dicarboxylic acid or an oxycarboxylic acid. 12. The cleaning agent according to Claim 11, 25 wherein
the oxycarbaxytigaciskigraropxyidicishexylic Acidiamarexytriedrboxylicdacicand3. The cleaning agent
according to Claim 11, wherein the dicarboxylic acid is one selected from the group consisting of an
oxalic acid, & Thalefieach By sieGnie akid: a glitite WP ahcadisié &eid, a pimelic acid, a maleic

acid, a fumayic acid an hthalic acid. 14. The cleaning agent accarding to Claim, 11, wherein the
oxycarboxyzﬁ%ga'cid is a%nga%l)cca((ﬁ n A tarta) egé:l ,%(r:%rcclgt]]rglg%?cg g. 81%“1’%2 Cle"\é}ﬁ?nrgealélent according to
Claim 1, whereindhe organic acid is, a-dicarboxylic acid gnanaxysarboxylicacighdhe complexing agent
is one selected from the group consisting of nitrogen-containing 10 polyphosphonic acid having 1 to 6
nitroged® atomscangksl to 8 phosphonic acid groups in a molecule, alkane polyphosphonic acids which
may have a hydroxyl group, and an ammonium salt or an alkali metal salt thereof; and the organic
solvent is onelselected FotThE FrothP18 LRSI GBI FrdRbhydRe aldBholsVaIkRERdicohols, glycols,
glycol ethersC kgtones andxr(ljitriles. . 16. Tihse clganiggg ent ac {g:ing t%%aimél, wgerein pH of the
cleaning agerﬁ is 05065 17.The cleaning agen accorﬁlng to Claim. 1, wheréin 20 the substrate
is a semiconghictor - 38x e &leaning agent according to Claim 1, wherein the substrate is one with
metallic wiring provided thereon.  19. The cleaning agent according to Claim 18, 25 wherein the
metallic wiringis a copperthiging:leaning agent according to Claim 11,

256 wherein the oxycarboxylic acid is an oxydicarboxylic
acid or an oxytricarboxylic acid.
13. The cleaning agent according to Claim 11,
"wherein the dicarboxylic acid is one selected from the

group consisting of an oxalic acid, a malonic acid, a
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20. The cleaning agent according to Claim. 1, wherein the substrate is one treated with a slurry
containing benzotriazole or a derivative thereof. 21. A cleaning method for a surface of substrate,
which comprises treating the surface of substrate with the cleaning agent according to Claim 1. 22.

The cleaninguaethnd @ccordingite; Claian2k: wherejndhedreatment with, the sleasing-agent is dipping 5
the surface of substrate in the cleaning agent according to Claim 1 or spraying said cleaning agent on
the surface af sdbstrates 1 £23: Helcleanirdg mreticd acdsrdimgite Glaiph21 iwhersin physical cleaning
is further used in 10 combination. 24. The cleaning method according to Claim 21, wherein the

substrate is Ohe after subj ﬁngcf‘oefgﬁé}%icﬁgrﬁg aficaPp6lishihg Shrotess ™ 53 The cleaning
agent accorging0Glaim.2d, 2 wherein {he subsyate is asemicopductar. 26, The gleaning method

according to Claim 21, wherein the substrate is one with metallic wiring provided thereon.  27. The
cleaning methddiaceardmgadtGlaim 26,120 wherein the metallic wiring is a copper wiring. 28. The
cleaning method according to Claim 21, wherein the substrate is one after subjecting to the treatment
process with & slurry camginihG PBRZGrRZBIoR G Hehivative Hrefedtissl, wherein

the organic acid 1s a  dicarboxylic acid or an

oxycarboxylic acid; the complexing agent ig one selected

from the group consisting of nitrogen-containing
10 polyphosphonic acid having 1 to 6 nitrogen atoms and 1

to 8 phosphonic acid groups in a molecule, alkane

polyphosphonic acids which may have a hydroxyl group,

and an ammonium sgalt or an alkali metal salt thereof;

and the organic solvent is one selected from the group
15 consisting of monohydric alcohols, alkoxyalcohols,

glycols, glycol ethers, ketones and nitriles.

16. The cleaning agent according to Claim 1, wherein

PH of the cleaning agent is 0.5 to 6.5.

17. The cleaning agent according to Claim 1, wherein
20 the substrate is a semiconductor.

18. The cleaning agent according to Claim 1, whereiﬁ

the substrate 1is one with metallic wiring provided

thereon.

19. The cleaning agent according to Claim 18,
25 wherein the metallic wiring is a copper wiring.

20. The cleaning agent according to Claim 1, wherein

the gubstrate is one treated with a slurry containing

benzotriazole or a derivative thereof.

21. A cleaning method for a surface of substrate,
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15

20

25

which comprises treating the surface of gsubstrate with
the cleaning agent according to Claim 1.

22. The cleaning method according to Claim 21,
wherein the treatment with the cleaning agent is dipping
the surface of substrate in the cleaning agent according
to Claim 1l or spraying said cleaning agent on the surface
of substrate.

23. The cleaning method according to Claim 21,
wherein physical cleaning is further wused in
combination.

24 . The cleaning method according to Claim 21,
wherein the substrate is one after subjecting to a
chemical mechanical polishing process.

25. The cleaning agent‘according to Claim 21,
wherein the substrate is a semiconductor.

26. The cleaning method according to Claim 21,
wherein the substrate is one with metallic wiring
provided thereon.

27. The cleaning method according to Claim 26,
wherein the metallic wiring is a copper wiring.

28. The cleaning method according to Claim 21,
wherein the sgubstrate is one after subjecting to the
treatment process with a slurry containing benzotriazole

or a derivative thereof.
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