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invention relates to a cleaning agent for a substrate havi

wiring and a nethod for cleaning a sem conductor substfa%e—ha#uﬁgw&_cggp_er
Wi ring, characterized by using the cleaning agent nore deta

present invention relates to the cleaning agent for a substramul“ﬁmhlm“”m“l
copper wiring to be used in their‘g F@ﬁﬁé’ removi ng resi dues

perform ng chem cal 15 nechanic %(g' (CW) for a sem condusior:
substrate having a copper wiring or copper alloy wiring, in the process for
form ng the sem conductor device on the sem conductor substrate such as a
silicon wafer, and a nmethod fdiTicE @HINVENTIONT conductor substrate having a

copper wiring characterized by using the relevant cleaning agent for a
substrate having a copper wiring. 20 BACKGROUND ART [0002] In recent years,

in a sem con(glgé S ed to nmake an
: 2: or g LSl | gherﬁslégege:@ugﬁﬁl gﬁer [ ntvglé]ar"g ARB‘?\QE‘SQ@@E@ orr_panyi ng
withit, a w r|ch£AmN@ecmmEmMRmssﬂnmeomuctromsbssnmmwentIOnal

TECHNICAL FIELD
[0001]

10 The present invention relates to a cleaning agent for a substrate having a
copper wiring and a method fbr cleaning a semiconductor substrate having a
copper wiring, characterized by using the cleaning agent, and in more detail, the
present invention relates to the cleaning agent for a substrate having a copper
wiring to bé used in the process for removing residues after performing chemicai

15 mechanical polishing (CMP) for a semiconductor substrate having a copper wiring
or copper alioy wiring, in the process for forming the semiconductor device on the
semiconductor subst.rate such as a silicon wafer, and a method for cleaning a

- se.miconductor substrate having a copper wiring characterized by using the
relevant cleaning agent for a substrate having a copper wiring.

20

BACKGROUND ART
[0002]
In recent years, in a semiconductor manufacturing process, it has been
progressed to make an IC or a LSI by higher speed and higher integration, and

25 accompanying with it, a wiring to be uéed has also been shifting from conventional
aluminum to copper (Cu) having high conductivity. Still more, in the case of
manufacturing a _semicohductor substrate having-a multi-layer structure provided
with a wiring such as a copper wi.ring over multi layers, chemical mechanical

polishing (CMP) has become essential, which flattens the semiconductor



alium num to-copper (Cu) having high conductivity. Still nore, in the case
of manufacturing a sem conductor substrate having a nulti-layer structure
provided with a wiring such as a copper wiring over nmulti |ayers, chem cal
mechani cal polishing (CWP) has becone essential, which flattens the

sem conductor substrate by polishing it physically. [0003] The

chem cal nechanical polishing (CWP) is a nethod for flattening the

sem conductor substrate provided with a silicon oxidized filmor a netal

“wiring 5 l[4l0, Which is a polishing object, -using a
slurry i n% udi F\é;léyag?l§§|9@g{% glrchﬁ&%pol I shing agent) such as silica, alum na.

The sem c[p0@BFt or substrate after such a chem cal nechanical polishing
(CWP) process is contanmi nated with the abrasive grain (polishing agent) _
t hensel ves udbd ¢hemierl mechanioal polishing CMR) isea anethoddorufiattening thee sl urry,

metal inpuritl erive romthe 10 netal w.ring_of a poljshing object,
and still Q%Pgﬁé%c? roﬂ\é/bsgff“{?def°&de§a'f"f’1 @I%‘éc.o"qu"{'#ép E'EH’E@HHE%‘?W"”&JbSt rate
recei v@s ggdM agidabg Wiring h tidla bLBTHiIAd | r rei o ki Ves
adverse influence o%&gl ecl?é’i ?gﬁﬁéﬁ;‘r gct er"?éstbls%gf’)oufsn@h% ﬁsder ' ::n(g‘n Uck or

itsel f, aabradwergrameépdiishingagent)ysuch as ddicacaluntifer efher eemicondsctovecessary

t.h ' I ti ticl f th bst r at f , 15
by 1 oan REPATRE ARF BTt el FIRchanlcPOITIG HEM OalProRssh ol Cal
| . h. . - . t . R A I .
Copper. ol Toy AP /R oo et o ISUENRE aohfil oo P Bhedlbl H6”or ocess

has hi gh reiwaint process, iov irletalsvhicluged #vtha 8luttyome BRingsUBEE bamiddyrors tHéescr i bed
above, therefore is easily oxidized (corroded) by oxidation action fromthe

out si 4@, metal winngsofza pelishinerabigct.candsstilgnorecasiaus kinds wf partiges.esif teance, or
chem cal - EORENTERD” SIS 85 eRr SpBteen twelie mRRLERHERS 2T of
25 of ther s e e R et A e e
al I oy wi r semgiconductor itself, and decreases reliability of a device, therefore, it is
necessary to remove the metal impurities or particles from the substrate surface,
15 by cleaning the semiconductor substrate after the chemical mechanical polishing
(CMP) process.
[0004]
On the other hand, a copper wiring or copper alloy Wiring to be used in the
semiconductor manufactu_ring process has high metallic activity while having high
20  conductivity as deécribed above, therefore is easily oxidized (corroded) by
oxidation action from the outside, which has a problem of causing increase in
wiring resistance, or in some cases incurring disconnection or the fike. In
addition, in the chemical mechanical polishing (CMP) process, there may be the
case of increasing wiring resistance or incurring disconnection, by also generation
25  of the copper (copper alloy) residue of the copper wiring or copper alloy wiring
which is a polishing _obje;:t, scratch, or dishing or the like. Accordingly, in the
| chemical mechani_call polishing (CMP) process, there has been performed

suppressing of generation of the copper (copper alloy) residue, scratch, or dishing

or the like, as well as preventing of corrosion of the copper wiring, by forming a



which is a pol i shing object, scratch, or dishing or the |like. Accordingly,
in the chem cal nechanical polishing (CWP) process, there has been
performed suppressing of generation of the copper (copper alloy) residue,
~scratch, or dishing or the like, as well as preventing of corrosion of the
copper wiring, by formng a coating film(protection film including a
metal corrosion inhibitor such as BTA, QCA, at the surface of the copper
wiring, by adding a netal corrosion inhibitor such as, for exanple,
benzotri a : : : reazole is
abbr evi at g%ﬁta %&I’ﬂ ,r&??rggd;];@gng?u%r?gﬁgﬁg%ggﬁign heé'goéﬁ%gﬁo%sh%?é’ 5 may be:
the case Q¥ atdhe saace ofithedcoppeniivingy ibgtaridirgsa @Al carrsiditinhibltomi ¢ aci ds.
Such a netal corrosion inhibitor fornms a conplex with a nonoval ent copper
in the copidt agi for eyamplec bgpeotriazalesy (Aerepfer biere may kectheprase whesspper

(1)-benzofLl )| e, c ing.film (.1): BTA coating fil or .t | i ke; or a
conplex wth a divale C ' Y "oy wiring -
e PR bRl P BT trlegpfSer i R gobts TherBater Befeoy wi r1 ng
of a cHPpaiaylfe tHd tasdlwhBr! giifalfd Aci§ 3 labB@vidtddhé QTAY, lahd Jefindigrt i Ng film
or the like. It has been considered that such a conplex is nore easily
pr ocessedagids.c opyely @dmetal lcogopipe rinhibider forms reeicefplex with supnesalenty t he
copper (copper .al|oy) residue or rot-e(:I i ng. the surface of the colpper
wiring or® dp thf’l P& M, 0585%‘#‘5&?{% ‘g'f'ng(ﬂf'a ‘J(FFP’@F"F’E‘?'S%CRBP‘?S
suppr essegy. ' i Y : QQQ)S i@ onpanyi ng
with maki ﬁ)g@%nnibl@ﬁgzgirié %E@ﬁ'm@? h%fAS%ag@é 'and‘lrﬁf‘%l%"eeﬁgrﬁpzé}é%[ae??‘gﬁ, it has
been requardidalent abpgernint thee copperr wikingi 0g copperopiEy wiringOYf Vd dopgerhavi ng an
ultra fine structure. Accordi n&l’}g, also in the cleaning process of the
sem cHhdulbsruinadic peidiaenting filsr Bk 8b-QEA conting imosthentive:  Hdwsieen 20
br acess. aPTBSrhE tftofiebef o i Mo SRRL, BRIRRtaBAE cohmated il o, PATENT
LI TERATURBophe® itselfe theréle blySsubiprddsiiig thd @oppétdteeBpar aRsy) CrRIRUET&N
substrate h%pvi.ng hi gh qual ibtyy l?bgqyisﬁg_ld_. [008%] %Fﬁ th?vgase yvhe_r e, for
exa(rjrpl e, ?moélngdm lsgrf@@enfh thdeiipopebwmngmrmrﬁgfr alldyT\HEﬁng,Wetatlm a‘nﬂ 3, i is
used sinp it.is, .as the cleaning agent after the chemi cal nechanica
pol i shi ngs%E%ﬁ)orﬁf's&‘WS@ SBIPPTFWdS%rﬁOHgﬁIBE& REvertedt rat e having the copper
Wi r'i ngg or gﬁ]o‘er alloy wiring formed with the coating filmof nonoval ent
copper and the netal corrosion inhibitor (metal corrosion inhibition film
layer) such Recently attompaniirgowith miakind Bh 18horc LSS bl tigst spied amanoval ent
copper and benzotriazole or a derivative thereof, there are such problens
as easy pligheniptegfationyik has heem sequireshte gtiain dke corpecwinng orBpRpevalioyng il m
and bei ng le. to sufficiently suppress elution of netal copper, or
having i n‘évﬂﬁ??’@iggﬁtana {r? gﬁe Sgugxrseel . EOIINL A0 4 therclzaning ﬁ’rf’.cg‘%nofgiddi tion,
in the clganisamic@@ttorSmERFaEURRY procERT ERfftnk! TRBAVRent hdd'&deni S no
particular problemin the case where the coating filmof copper and the
mﬁt alciQ:?lrmgilr_m i Titeit s, ﬂ}r_rclzléarérpgaagemﬂsg@bm;\;e:ntmdﬂyliri the :idah'mglpaycf.ﬂfs)s, hsuch as
t he - coating film is fornmed sufficiently, however,_in_ the case
where it %@ernﬁ}fefgﬂ‘?@'ﬂa%@?‘?rﬁ"é’ﬁ[IBF?"SPWSréCWQ’ X @xa@pithe PATENE copper 10
[ooory " LAEFRTLER 8r W WG, B BRIk, 1 pro8fed 8 Bl e 8REN 00 agent
descri bedhéﬁnﬁ@ENﬁamTﬁaﬁéwRE 5 IS useq s! nply as it is, as the cleaning
agent after the chem cal nechanical polishing (CW) process of the
sem condul®086] substrate 15 having the copper wiring or copper allay wiring

for with the coating film of divalent copper and the t al rosion
i nhirTE?sf or, s cﬁ'eagaaszf el r—ﬁ?ﬂ‘@%%?nﬂeqq"ﬁ%gﬁﬁi Cr"%eﬁ} %é?ig% a
- dival ent copRATURE 199iana! Hii€ usd Snilly 8s 198, 263 Y are
probl ens of naking diffi cul'tI %jo coﬂgiliyet ely’r enné\eﬁéf te?ﬁcéo%n;t gggﬁhﬁm of
copper anchenhiealnmealharscal rpofishomg i(@NPYi grocesssofcthe asenaicéhductdr) subeiateoat i ng
fil '
m having the copper wiring or copper alloy wiring formed with the coating film of

monovalent copper and the metal corrosion inhibitor (metal corrosion inhibition



20 being inpossible to effectively renove the netal inpurities or
particl-es, and being inpossible to sufficiently suppress elution of the
metal copper. PRI OR ART LI TERATURE PATENT LI TERATURE 25 [0008] PATENT

LI TERATURE 1: JP- A-2005-217114 PATENT LI TERATURE 2: JP-A-2006- 63201 PATENT
LI TERATURE 3: JP- A-2001-517863 PATENT LI TERATURE 4: WO 2005/ 040325 PATENT
LI TERATURE 5: JP- A-2002- 359223 DI SCLOSURE OF | NVENTI ON TECHNI CAL PROBLEM 5
[ 0009] The present invention has been proposed in view of the above

si tuati ongrandeh such %‘%Qﬁj gf-BTRfcotahgq Rh?Saflen i(i:s{%?r%h%n é?nd%%igﬁfe , for

exanpl e, in the 'sem conduct substral e manufact uri ng process, cl eani ng

the seni cooppertand benbstiiazdieopd tierivdtive theiedti hate areshan brobleri9hd sddyng ( CVP)
process, the cleaning 10 agent for a substrate having a copper wiring which

does not @rsing efttherreativg filmhgugh astherCle dpBeA caaling film, apd deingamablsi on

i nhi bi tor | rrosion jnhibition filmlayer) consjsti of the
nonoval enttcg g@%g‘SPﬁ\gaﬂ%‘?’Siﬁ e@:&g% °z§§“$‘ﬁ'e°‘tﬁj’e(’|‘3 - BVAG gigt 'ﬁ'&"?g?tfﬂ" %\Q wel | as
bei ng sapablkstief f @al gy di HA G %m] i A 0g. fi | mof
copper and thle rrzse?ﬁadlcvgggfr ggs(i")on I?%ﬁimlglib?’olrn q??re({a ?o#org?gnﬁggwﬁﬂni on 15
filmlayePATENASLITERAGURE #hthedd isahe particolap erobdemyih dive case whaee theCu

(I'1)-QCA coating fil and still re sufficjently suppressing elution of

t he met al CB%H}% m ‘gﬁgb%?faﬂﬂdi th@ mﬁgfm@"i%bm&(%@ SPITRRiPR inbbitionof  copper
hydr oxi de C i - | J t he. chem cal
mechani carlﬁ)lcﬁ)y th%eéscﬁé)&gp%g gés?% Qfgnvgteﬂﬁ]\hﬁ'wgeﬁﬁ?%(? grgﬁ&'ghﬁgpg%ﬁ%gh@t al

corr osi onthendesei wheva itfis not foayied sufficienthy thidre weRtthe aask vfletee Boppaerd f or

cl eaning a sem conductor substrate having a copper wiring, characterized by
usi ng?9 he Wiy £aPPRN allan WiipaRfesentabthedowerjayersas ¢empdad. a copper wiring.

TECHNI CAL 0%971‘1-” ON 25 [0010] The present invention is an invention of a
cl eani ng ggen for a substrate having a copper wiring consisting of an

General Tor mi| S A UE Clkedihort (R S RT RIS Uin SSRNS 88 Fpepipgtin o' o 9
PATENT LITERATURE 5 is used simply as it is, as the cleaning agent after the
chemical mechanical polishing (CMP) process of the semiconductor substrate
15 having the copper wiring or copper alloy wiring formed with the coatihg film of
divalent copper and the metal corrosion inhibitor, such as a Cu (I1)-QCA coating
film, which is formed by a divalent copper and quinaldic acid or a derivative
thereof, there are problems of making difficult to completely remove the coating
film of copper and the metal corrosion inhibitor, such as a Cu (I1)-QCA coating film,

20  being impossible to effectively remove the metal impurities or pérticles, and being

impossible to sufficiently suppress elution of the metal copper.

PRIOR ART LITERATURE
PATENT LITERATURE
25  [0008]
PATENT LITERATURE 1: JP-A-2005-217114
PATENT LITERATURE 2: JP-A-2006-63201
PATENT LITERATURE 3: JP-A-2001-517863
PATENT LITERATURE 4: WO 2005/040325



CAOH I] (wherein Rl represents a hydrogen atom a carboxynmethyl group or a
car boxyet hyl group; and R2 and R3 each independently represents a hydrogen
5 atomor an al kyl group having 1 to 4 carbon atons, which may have a

hydr oxyl group, provided that those where RL to R3 are all hydrogen atons

- are excluded.). [0012] In addition, the present invention is an

i nvention.of a nethod for cleaning a sem conductor substrate having a
copper wiring, characterized by using the 10 cleaning agent for a substrate
havi ng a cop i st i K |l yeous solution conprising [I] the
am no acid rE%?E%H'E%Rﬁiof‘ﬁ?éﬁ%gﬁ%%ﬁéra formula [1], and [II] the

al kyl hydr oxyl am ne. ADVANTAGEOUS EFFECTS 15[ 0013] The cl eani ng agent

for a substrate having a copper wiring of the present invention is the one
to be used in a cleaning pPIBCEOSURE OFfINVENTIQNSt rate surface fornmed with
t he copper wiring or copper i f exanple, after the chem cal
mechani cal polishing (CWP) prallcéfgg'!'\@%hpgpm not di ssolve the 20 coating
filmog c g{ and the netal corrosion inhibitor (metal corrosion
inhibition filmlayer) consisting of the nonoval ent copper conplex, such as
the Cu (1) - BTAepozsenhipvéntiom hasrsbenpropgsatlie vielv effthe abowesituatios,s@ldvi ng and
removi ng the coatjng filmof copper and the netal corrosion inhibitor
(nmetal coFr@sPBnohﬁgﬁ 19 t then Present |1aYRBLION cton Pravide g fasr exaraplgi val thet copper

conmpl ex s : I Lkog fil ng_.2 ill more sufficiently
onhr easi SaRicB Tt bubsirate Fuan GRBIKAS prdcoll, Aediing e serBpadion,,

parti cl essofstratppfer thg dihexiick riddhhnicSOpSIRhingX(OMPY bloked)dhd BRahinke,
generated by the chem cal mechani cal polishing ( ) process, even when

f or mal® onagéntierea mehsinate bavieg pcepperwiting wWhichf ddes ich issolve thensedtingci ent . Use
of the clgani agent for a substrate.having a.copper. wirjng of_ the present
i nvent i onﬁlfTE ogg?ﬂ%rearﬁjf &Sb?“sfaiicﬁaﬁ% d&%'h&@etw@spﬂﬂﬁﬁ'Pﬁ'HQcﬁ"@xi de (I1)
and/ or Ccoppep rsHEnd lof thérforidiaR [ e remeianed at the
substr at e&s?ufr)face a? eor 5 trﬁ%ﬂchenpgg?ﬂrte%%éga po%lggtﬁ?% {I process.
[ 0014] coatingditidj as we)l asheimptdpable of effdctivety nissalvigramoriuving theubst rat e

having a copper_w ring of the present invention is an effective cleaning

met hod of Ce#BISlmiof 6PRRRAEEHA the Fatal somosipn intdbitor kmetal eerresiemiphiitioar t er t he
chem gal 1\C - i&hi n LNg.t cl eani ng
agent for fTIg*FS Qt r é}sésgﬂg\%fr;‘gﬁjgad?‘gacl)%np?(\aé: \'IDVIQ{ ?ﬁ@icﬁ??( ?Hg] %?éegfgﬂ %iDF\@g ion, it

becones peeatinglfitn,tendetill fwiré ¥etivietlyoipprating NtHRA M el rAbtaPedpper, @hg- [ 0015]
That is, the present inventors have intensively studied a way to attain the

15 above- €e3nling be derpbyeaimpuiitigs oo padiclel af coppsr hyldeoxigee dl)f cappeniorideaci ds

t by .t he ab | mula [1],. . ' ' i ds,
dobs not - (1B e ren 8SHE AN e chETIRA! B Patipd PRSI (CVENPIEERL | ayer
such as t 8gar(Whéd forRatiorcoRthe %t&l!do%si@ﬁiq’rgﬁﬁﬁbr?ﬁlpﬁﬁ&ﬁrl lgﬁ%uﬁﬁh%ﬁﬁla\ﬁﬁ and

remove the divalent netal corrosion In Itron ayer such as a Cu
(11)-20CA theatrietigpdf fdr ngleaming =t seiicondectoasubstrate having a copper wiring,

characterized by using the relevant cleaning agent for a substrate having a copper

wiring.

TECHNICAL SOLUTION
25 [0010]
The present invention is an invention of a cleaning agent for a substrate
having a copper wiring consisting of an .aqueous solution comprising [I] an amino
acid represented by the following general formula [1], and [li] an

alkylhydroxylamine;



20 sufficiently renove copper hydroxide (11) and/or copper oxide (I1),

wi t hout corroding nmetal copper, even when formation of the netal corrosion
inhibition filmlayer is insufficient. Still nore, the present inventors
have di scovered that only al kyl hydroxyl am ne, which is a specific reducing
agent, does not inhibit elution and renoval action of copper hydroxide (I1)
and/ or copper oxide (I1) of the specific 25 am no acids represented by the
above general formula [1], suppresses corrosion of metal copper to copper
oxi de (II#¥qud is capabl e of strengthening bonding of the nonoval ent
copper cofplex to be fornmed by copper and the netal corrosion inhibitor,
such as Cu (Re-BTA coating film wth the copper wiring or copper alloy

Wi ring. And, Ithe Bresent i nventors have found that the above effect of the
present i mpsenty OPHN be Ldbt ai ned firstly by conbined use of these specific
am no aci ds regfesented by the above general formula [1] and -

al kyl hydroxyl am ne, and have thus conpleted the present invention.

SDESCRI PT(hersh RVERBAEMNS b Ofjdibgen Ntofl canbaboffiRathyl Grodp byl rate
havi ng a copper wiring of the present invention- e cYeanlng agent for a
subst r at e carpexyaih atoymeanduR? ang R eacheingepansientiyl Gefresests achydragenhe one

Fepr esnt b9 B AR EBIcR RYGh  &RaRarnaibas{ whichdiey fave a Jyoroxy!
al kyl hydrg%‘dg ?Bﬂgoﬁéd [tiq)éﬁ:stejwl‘fe'rc)éT?1 thailttﬁdg%éeyré%@%%irge%lué fesents a

hydr ogen car boxymet-hyl group or group; and R2 and R3
each indefo@pntly represents a hydrogen atomor an al kyl group having 1 to
4 carbon atons, which may have a hydroxyl group, provided that those where
Rl to R3 ar e!mpddilign the efesghbinyention is gl inwraion of pometsiod for eleaniag &ni no aci ds

r epr esent f.araul .the al kyl . group, reppresented by
R2 and. ngg’ﬂgé{“?]‘%?‘lrgg %’%&:earhggﬁya?o%keﬁrm’ ncé\?rﬁ'%?ﬂf%g ?@dﬂsmy{hegr oup,
there10s crahing@erPRe iaf subrlrhte. hdvig £c8ppeérwiriflg IdoR§idting 8f anafesbrr cyclic
al kyl group such as a nmethyl group, an ethyl group, a ™n-propyl group, an

i sopr opy! sgutiampeonaprisingfll/the gnuop acidrrepresboied| bytthe above geperabformlilagr oup, a
tert-butyl,,25 , .and a cycl obutyl group; a linear, branched or cyclic
hydroxyalt@ﬁ“ﬁﬁ@ﬁﬁg§&yﬁwggm¥%ﬂnm®droXyethyI group, a 2-hydroxyethyl group,
a 2- hydroxy-n-propyl group, a 3-hydroxy-n-propyl group, a

2, 3-di hydr oxy-n-propyl group, a 2-hydroxyisopropyl group, a

2- hydr oxy-n-butyl group, a APVANTAGEOU$EFFEQTSUP, a 4- hydroxy-n-butyl
group, a 2, 3-di hydroxy-n-butyl group, a 2,4-di hydroxy-n-butyl group, a

3, 4- dihydM¥BL n-butyl group, a 2,3, 4-tri hydroxy-n-butyl group, a

‘2- hydr oxy-se . ' -h Xy sec-hutyl group,

4- hydr oxy- Segbg&ﬁéﬁmg 35%% r é %M)g{r ehWr"&?—%%@-egW" 9 afﬁﬁp?feae"t
2, 4- di hy dirQ¥itionas tHeUénd todietdd iR abldhmith M‘?a&@é@’eté.e&f‘tﬁ’é‘%?!ﬂ)str%ﬁé)é'tﬂf R
2- hydr oxy- 2- met hyl - n- propyl group, a 3-hydroxy-2-nethyl-n-pr opyﬁ group, a

2, 3- di hydfosagd 2withe ey icopperr wisin o copper aal®y hwiting x for 2exaypie x gftet thgl - n- pr opyl
- di hyd - 2-hydr hyl - I , :

AR TNy s AT MR AN I A

[26831/8?6’)(3/8651?}‘15 fith Q¥ Bopdtdind thé hbtdl 8K ¥sib ifilteh Yinei B4 PinRibiioR” 20! €

film layer) consisting_ of the monovalent copper complex, such as the Cu (I)-BTA |

coating film, and is capable of effectively dissolving and removing the coating film

of copper and the metal corrosion inhibitor (metal corrosion inhibition fim layer) -
consisting of the divalent copper complex such as a Cu (I1)-QCA coating film, and
25 sfill more sufficiently suppressing elution of the metal copper, and removing
_ impufitieé or particles of copper hydroxide (1), copper oxide (ll) and the like,

generated by the chemical mechanical polishing (CMP) process, even when



As a specific exanple of the amino acids represented by the general fornula

[1], ther
N- net hyl g
15N-i sopr
N sec- but
N, N-di al k
N, N-di i so
N, N- di -

N, N-di i so
N-al kyl o
exanpl e,
N- ( 3- hydr
N- (4- hydr
Ngtri s(hy
exanpl ,
acid, glu

e is included am no acids of Nalkyl glycine such as, for

| ycine (sarcosine), N-ethylglycine, N-n-propylglycine,
opyl gl yci ne, N-n-butyl gl yci ne, N-isobutylglycine,

yl glycine, N-tert-butylglycine, N-cyclobutylglycine;

yl gl ycine such as, for exanple, N, N-dinethylglycine,
propyl g I'ycine, N N-di-sec-butylglycine, N Ndiethylglyc

CoRHT S SEMRE mele (efioabf RABHON o taIE T iliiray IH2BYIh

exanpl e,

i ne,
yci ne,
gl yci ne;

clehhuhlgd;g(eht fo) al dupsBate diavihgha@ copyseravitiy fbmhblpreémmweﬁu@m i|as, for

N ( 2- hydroxyet hyl ) gl yci ne, N, N-bi s(2-hydr oxyet hyl) gl yci ne,
wh‘f- preiginingasibsate, whmesqcmpnyuydmyde.upmggm)cgpw. axisie

Sty M e AR st e o Byt Aafr aner

“for

the @heRdAéd|infechghidal d&.gmﬁg?yctmspafdcbgs acid, N, N-dinethylaspartic

tam c acid, N-net

am c acid NN—dlmathngIutamc acid, and

the |ike. [00L14}shoul d be not ed that as these amino acids represented by the

general f
synt hesi z
aci ds repg
Substrate

10

15

et T 2e1H ofes mETOS0HY i arsATIGENOUS a5 B TRiro RV
P00 OO BT ) e R 8
semlconﬁductor substrate or the like, for example, after the chemical mechanical
po_lishing_(CMP) process, and by using the cleaning agent for a substrate having a
copper wiring of the present invention, it becomes possible to effectively clean the
semiconductor substrate.
[0015] |
That is, the present inventors have intensively studied a way to a_ttain the
above-described object an.d found that only the specific ami.no acids repreéented
by the above general formula [1], among various amino acids, does not dissolve
the monovalent metal corrosion inhibition film layer, such as the Cu (I)-BTA

coating film, and can effectively dissoive and remove the divalent metal corrosion

~ inhibition film layer such as a Cu (ll)-QCA coating film, and still more can

20

25

sufficiently remove copper hydroxide (ll) and/or copper oxide (il), without
corroding metal copper, even when formation of the metal corrosion inhibition film
layer is insufficient. ~Still more, the present inventors have discovered that only
alkylhydroxylamine, which is a specific reducing agent, does not inhibit elution and
removal action of copper hydroxide (Il) and/or copper oxide (ll) of the specific
amino acids represented by the above general formula [1], suppresses corrosion
of metal copper to copper oxide (ll), and is capable of strengthenlng bonding of
the monovalent copper complex to be formed by copper and the metal corrosion
inhibitor, such as Cu (I)-BTA coating film, with the copper wiring or copper alloy

wiring. And, the present inventors have found that the above effect of the

one
t he am no
for a



ari no ‘acids represented by the follow ng generali formula [2] and the
general 5 forrmula [3] are preferable; [0021] R2' Fe N COOH 2] (wherein
R2' and R3' each independently represents a hydrogen atom or an al kyl group

- having 1 to 4 carbon atons, which may have a hydroxyl group, provided 10

that those where Ry to R3' are all hydrogen atons are excluded.), [0022]
H2N yCOOH 3] R1' (wherein Ry represents a carboxynethyl group or a
car boxyet hyl group.). [0023] 15ln the am no acids represented by the

general f grduahfinleltion@anbRSHRAIKYY AREY Hg ggﬁéin@gnu%e}g,tﬁesg%rglg%ﬂ? giifHes. whi ch

may have a hydroxyl group represented ar one to the
al kyl gr oapidsaepraseried by shecabdengaieralfornia ¢1] amdyallyviréxyeingxand gr oup,
represented by R2 and R3 in the above general formula [1], is included. 20
[0024]  hayethys cpmplatedthe,piagant inyentiote ani no acids represented by the
general formula [2], there is included am no acids of N-al kyl gl yci ne such
as, for exanple, N nethylglycine (sarcosine), N-ethylglycine,

N-n-propyl gl ycine, N i sopEsoRPFHONGF EMBOBIIENgEYCi ne, N-isobutylglycine,
N-sec- butyl gl yci ne, 25N-tert-butylglycine, N-cyclobutylglycine;
N, N- di al k%)/QQjﬁijlci ne such as, for exanple, N, N-dinethylglycine,

N, N- di i sopg0 | yci.ne N-di e l.gl,ycine, N N-di-n-butylglycine

NN di e DB $leani; Adent ok sl NG & EoppeR, wiing of tid Bresant

N- di - sec- PibMiligh-yci ne, N, N-di -tert-butyl gl ycine, N, N-dicycl obutyl gl ycine,

N, N- et hyl net hyl gl yci ne; N-al kyl or N, N-di (bis)al kyl gl yci ne having a

hydr oxyl grolpe desaringaageritofor exsuhstrate havidg Ry coppey avifing bf thee preeent

N, N- bi s(2- hydr oxyet hyl ) gl yci ne, N-(3-hydroxy-n-propyl)glycine,

N, N- bag( 3Lrw9mlq51x§_the PANgRANSisting of an aqueous solution comprising [1] the amino
acids represented by the following general formula [1], and [lI] an
alkylhydroxylamine; '
[0017]

RZ

15 (wherein R' represents a hydrogen atom, a carboxymethyl group or a
carboxyethyl group; and R? and R® each independently represents a hydrogen
atom 6r an alkyl group having 1 to 4 carbon atoms, which may have a hydroxyl
group, provided that those where R’ to R® are all hydrogen atoms are excluded.).

[0o18] |

20 In the amino. acids represented by the general formula [1], as the alkyl group,
represented by R? and R® having 1 to 4 carbon atoms, which may have a
hydroxyl group, there is included specifically, for example, a linear, branched or
cyclic alkyl group such as a methyl group, an ethyl group, a n-propyl group, an
isoprobyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl

25 group, and a cyclobutyl group; a linear, branched or cyclic hydroxyalkyl group
such as a 1-hydroxyethyl group, a 2-hydroxyethyl group, a 2-hydroxy-n-propyl
group, a 3-hydroxy-n-propyl group, a 2,3-dihydroxy-n-propyl group, a



5 *N- (4- hydr oxy- nTbutyl ) gl yci ne, N, N-bi s(4-hydroxy-n-butyl)glycine,
N-[tris(hydroxynethyl)nmethyl]glycine, or the |ike. [0025] As a
specific exanple of the am no acids represented by the general formula [3],
there is included, for exanple, am no acids such as aspartic acid and

gl utam c 10aci d. [0026] Anong the am no acids represented by the
general formula [2] and the general forrmula [3], N-nethylglycine
(sarcosine), N, N bis(2-hydroxyethyl).glycine,

N-[tris(h POKYR I LA i C. &Gl nd 1C acid are
nmore 15 g?g‘eer abﬁ@%b@gﬁ%é%ﬁ@g%n r?g’gmgm"r%g’ﬁh@ f%,’@ﬁ?%%k’@#r&gﬁ(f% in view
of ef f ect dxhyHroxgHnsiautyivgnogp aa 2, 8-elinydioxg-rebutgPgeiup04i 2!8-diiyefogsn-BaPer

hydroxi de (I11), copper oxide (11), wthout dissolving nmetal coppér, as mnuch
as possi bPBUPasa c SifipdiPydrowi-pibubt heroulni ao 2ax4-trihydedxywabutyl growm @ esent

[ ti ' [ ted by t f I 2 dth
gonor al 1 3HAIeAT PaPBLRE dud. P TR R thind aBie. P r-OYERRGPHBRY ool vi ng
the Cus (| yrodpA £ PP kvt MiHvHR Y SKERARS when it i
usgd i n(tEe Eérﬁcdndgfggf)?&g%gsb?pét Q%Hggﬁggz’?#eﬁygop ér%vt\)nﬁ%?n%'%}‘ﬁgrarregnvd t hI >
the Cu (| $ABHydroatsengbutyll npraupat ed \B-hydroxye2-owtipdn-gropyl begmapy i @zol e

monoval ent copper and benzotri azol e

| 1) -B | d b
g(rmg SQ?%&P%%&?@%@%-%X V[%% a 5’3-¢ihyqrﬁév-8e{§@thwfn-e@pmbg[un, @he ani no

havi ng ©he e 2R A ool BUbr | R8-SR AR -y coat e
with the pmpplegrogp, 3 trihyidredyeer-batj draupiahexaniéiy fHeh, -t R a f or med by

di-val ‘Et .copper and quinaldic acid or a derivative thereof, it is
desi r Hb| e2tydipxyethy! greups ang m tribydraxyntent-kityl gngupr areynsefiasableyl yci ne or

N-[tris( hmﬁr‘grymet hyl ) met hyl ] gl yci ne. That is,

N, N- bi s( 2= hydr oxyet hyl ) gl yci ne and N-[tris(hydroxynet hyl)nethyl]glycine are
superior am ng apedific eRampRVGfoHhe B &&0@? vel y
di ssol vi ng and araé‘eﬁﬁovfnga abcoppee; oxni%gae suc Pégﬂ%g%gggrwﬁégfogﬁpﬁe (rry,
copper oxﬁdieﬂ‘(e_re )is ibduded samiedf acids \of | M-adkydgiyding reyicanags, r fomossangplé,he Cu
(1r)-QCA onghelx formed at the copper wring surface, w thout dissolving
net al _copgérfI DYONERR as JSECORNE) [ 00 2%EtYIgYANGe ani MbnEPRMIlVERR.esent ed by
t he gener gl ihal] @0 alon roh 0 cQrii.nati of two or
e e T O i S T I

sem conduNttert-batylzicirat, N-byalotigyigiheine;on pedialidylglyeme( SuhrRd fod dxanige Cu
(I'1)-QCA coating filnm coated with the copper (II)-quinaldic aci d conpl ex
(Cu (1) -td¥yd Igging.or ned bY,Nidietyighvcineopper aMtiNglirnrpabpyiglycing,d or a
derivativg . it.is prefgrahble, t se any of n .

N, N- bi s( Z@h@gfgggggﬁywcj'@’yci neﬁd}ﬁg" BUNIGYGNG: hy dr oRNFISRRUIAYSRR | gl yci ne

and ot her NaNthPgecasitfigly&iRer ©seniNegi-Bx-bubfgigans: al M,Ntcgwcﬁaobguﬂel%%,e .

conbi nation. As such a conbination, there is include

conbi 2tat | NilN-ethylethyiglg¢ige;Hy-dikykgred Mydijbds)siki/iglycine chabinget pdrgityy gionp,
(sarcosine): for._exanple, onbi nati on of N N-bis(2-hydroxyethyl)glycine
and gl ut asrﬂcb 3 i e’@?'PRI?IeN%?‘%éégr%P‘YPtEﬂWXQ'% N.NehigfRehyeepyethyhalyaites case of
usi ng anynQh. NP ~hydroxyet hyl ) gh ¥Gl.08 o .

Ngtri s(hyﬂﬁ%?ﬁr@t ?:\%rﬁ%ﬁm%’yci ne and g%’@'g@nwr%oxgcq @?pw@%‘%%eent-ed by

t he generk4hgdmny-a-dutji)glycihe; onbi nat i on,  ININWISM-Hkirdxyin-Butisdiycie, of the Cu
(1'1')-QCA conplex and free QCA, and corrosion action of the copper wring,
for exanpNdiriséydigxymathyhaethyllgiicingNarbacidie-dwide @cidesuohl sy foreexaepdend ot her

(N N4 < (SRR B9 P nasbaie Kaat HEN- ey ssopte) a0 s o 3ibo: 1 1o

fggzgf’ PSS ABILANTO 2tRY, 1 NCBmeftRigIRBrhidTRER, RhAf AEAREY #5%hobmi b 701 30.

noted that as these amino acids represented by the general formula [1], it is

enough to use a commercial one, or the one synthesized, as appropriate, by a

known method.



As the [I11] al kyl hydroxyl amne in the cleaning agent for a substrate

havi ng a copper wiring of the present invention, for exanple, the one
represented by the follow ng general formula [4] is included; [0030] R4
NOH 4] RS (wherein R4 represents an al kyl group having 1 to 6 carbon
atons, and R5 5 represents a hydrogen atomor an al kyl group having 1 to 6
carbon atons.). [0031] In the al kyl hydroxyl am ne represented by the
‘general forrmula [4], as the al kyl group having 1 to 6 carbon atons,

repr esent msz R4 and R5, there is included specifically, for exanple, a

| i near, branched or cyclic al kyl group having 1 to 6 10 carbon atons such
as a nethyl @rung, [lathecariro acigs peprasented ayyiheddehiepal farmila ] MPiHe 9roup, a
n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a
cycl obut yF'eé’E‘)'B% goent fat @ sibsfate having a gapperoyieng of thg piraent mveetionpthet yI  gr oup,

atert-pe : ntyl 2- et hyl but.yl Noll} a '

. 2%t oo P By RepBsaieR B’ e iRy gl e GitansblR Benipoup, a

n- hexy$ lln@uYB)arebréferdbixyl group, a sec-hexyl group, a tert-hexyl group,
a neohexyl group, a 2-nethyl pentyl group, a 1,2-dinethyl butyl group, a

2, 3-di net ng!)htyl group, a 1-ethylbutyl group, or a cyclohexyl group, and
~anong them @@ ethyl group and a n-propyl group are preferable. [0032] 20As
a specific exanpl e of the al kyl hydroxyl am ne represented by the general
formul a [ 4k-Nebe®@OHs i ndBlded, for exanple, N methyl hydroxyl am ne,

N, N- di et ﬁ%l hydr oxyl am ne, N-ethyl hydroxyl am ne, N, N-diethyl hydroxyl am ne,
N- n- pr opy(wheteio B/ amd R elsch Mdbpenderilyapplesyts r0nydrég8natom or an alkyl

N-i sopropyl hydr oxyl am ne, N, N-di i sopr opyl hydr oxyl am ne,

25N- n- but r|°H§ 109 hig A<arhernetamsy whighymay davs @l hudrewy] group, provided

i ' . .
N solbal SR WhalE R 1o RS afe aliyivgsn H9mpas xiivdee)
N, N- di - sefgoReft yl hydr oxyl ami ne, N-tert - butyl hydr oxyl ani ne,

b

R"

H,N._COOH [3]

(wherein R" represents a carboxymethyl group or a carboxyethyi group.).
[0023] | '
15 In the amino acids represented by the general formula [2], as the alkyl group
~having 1 to 4 carbon atoms, which may have a hydroxyl group represented by R?
and R®, a similar one to the alkyl group having 1 to 4 carbon atoms, which may

have a hydroxyl group, represented by R? and R® in the above general formula [1],

is included.
-20 . [0024]
As a specific example of the amino acids represented by the general formula
[2], there is included amino acids : of N-alkylglycine such as, for example,
- N-methyiglycine (sarcosiné), N-ethyiglycine, N-n-propylglycine,
N-isopropylglycine, N-n-butylglycine, N-isobutylglycine, N-sec-butyliglycine,
25 N-tert-butylglycine, N-cyciobutyiglycine; N,N-dialkylglycine such as, for example,
N,N-dimethyiglycine, N,N-diethyiglycine, N,N-di-n-propylglycine,
N,N-diisobropylglycine, N,N-di-n-butylglycine, N,N-diisobutyliglycine,

10



N,N-di-tert-butyl hydroxyl am ne, N-cycl obut yl hydr oxyl am ne,

N, N- di cycl obut yl hydr oxyl am ne, N- n- pentyl hydroxyl am ne, N ,N-d i-n-pentyl hyd
roxyl am ne, N-i sopent yl hydroxyl am ne, N ,Nd

i i sopentyl hydr oxyl am ne, N-sec- pentyl hydrondam ne, 5N , N-d

| -sec-pentyl hydroxyl am ne, N-tert-pentyl hydroxyl amne, N ,Nd

I -tert-pentyl hydroxyl am ne, N-neopent yl hydr oxyl am ne,

N, N- di neopent yl hydr ondam ne, N- (2- net hyl but yl ) hydr oxyl am ne,

[ A 1 - H i | . 1

N b SRR RRYNS, AR ehlaer C W MERAMAR) 2 no

10N, N- bi sNNetHvlrﬁéthﬂQMbihéyrdramberamjmci(mé)aueylbgmatmmgﬁ ?%%mp’ N . N-d
y ,

i cycl opentyl hydr oxyl am ne, N- n- hexyl hydr oxyl am ne, N
y A ; :

i - n- hexy| $Hlr @% forapxanenler N<42thwssaxiistiy bolydingyih b:bis(2-hydroxyethyl)glycine,

N, N-di i so I roxyl am ne. N- sec- hexyl hy X. mne NN .

i -sec- hex@ﬁééy B}(;%%SY/T 5%08@9}&%% - hexyl hydrlgieqlgd%ﬂ}ygfoqg}\-pr,%ygglycme,
| - er t5 hexyhyardH-sityifydheleohexyl hy dr oy Nasts@hydroxy-n-butyhglycine,

- N, N-di neohé&%yﬁ?ox%ﬂe, N ( 2- met hyl pentyl) h(ydr¥oxy)(lyam ntg?gy _

N, N- bi s ( 2Nrftristydpeymethiipetioliglyaimener, the (ide. 2- di met hyl but yI ) hydr oxyl ani ne,

- N, N- bi s( 10§- | met hyl butyl ) hydr oxyl am ne, N- (2, 3- di met hyl but yl') hydr oxyl am ne,
N, N- bi s( 2[, 2% et hyl but yl ) hydr oxyl am ne, N- ( 1- et hyl but yl ) hydr oxyl am ne, 20

"N bi ' | 7Y« ; .
o1 1o B g O G A DA YA
al kyl hydr i@k therans inefidenfohexangsel mhindacids such 89 adpdid adld apd glutamigr nore

kinds, It should be noted that ag for these al kyl hydroxyl anines, it is
enoungt Gide a commerci al one, or the one synthesized, as appropriate, by

o
a known nilabag]d

Among the amino acids represented by the general formula [2] and the

general formula [3], N-methylglycine (sarcosine), N,N-bis(2-hydroxyethyl)glycine,
N-[tris(hydroxymethyl)methyllgiycine, aspartic acid, and giutamic acid are more
15  preferable. Such amino acid has particularly high effect in view of effectively
dissolving and removing a copper oxide such as copper hydroxide (ll), copper
oxide (ll), without dissolving metal copper, as much as possible, as compared with
other amino acids relevant to the present invention. The amino acids
represented by the general formula [2] and the general formula [3] are particularly
20 effective in view of not dissolving the Cu (I)-BTA complex formed at the copper
wiring surface, e\)en when it is used ih the semiconductor substrate having the
copper wiring (formed with the Cu (I)-BTA coating film) coated with the copper
(I)-benzotriazole complex (Cu(l)-BTA complex) formed by monovalent copper and
benzotriazole or a derivative thereof.
25 [0027]
In the case of using [I] the amino acids represented by the general formula [1]
to the semiconductor substrate having the copper wiring (formed with the Cu
(IN-QCA coating film) coated with the copper (ll)-quinaldic acid complex (Cu

(I-QCA complex) formed by divalent copper and quinaldic acid or a derivative

11



25 [ 0033] Anong t he al kyl hydroxyl am nes represented by the general
formula [4], N-ethyl hydroxylam ne, N, N-diethyl hydroxyl am ne,

N- n- propyl hydroxyl am ne are preferable. Such an al kyl hydroxyl am ne has
particularly superior effect in viewof little dissolving netal copper, as
wel | as corrosion suppression effect of netal copper, as conpared with

ot her al kyl hydroxyl am nes relevant to the present invention. [0034] The
cl eaning agent for a substrate having a copper wiring of the present 5

i nventio n dﬁ%@ osition
corrponentnt hb\%ao?el; «?’ﬂg?ﬂkﬁ%&é E\HOP E%?Sé%%ﬁ"?ﬁ r{rjnmﬁelg@qus fhygglyéinégﬂgs not

gi ve adveNs{ms(hyﬂraxgmemyl)ﬁrelthﬁg&mpee Thatt Ise ijems(mwmomd%g@tiher chem cal
mechani cal pol i shl;lpg é owever, it is, for exanple, usual water,

purifi ed V-ltds(bydraxyragtayimetaylalyding: ap syBerinti 2mMoNacids In wiew Dfpur e

wat er , t abl e.
Because u %nicpéjér%zeagm F%me]%%‘?"ﬁsé g'E'r%lu é\ﬁréivgcgép%roxﬁf cﬁ'%éw tably in
view & ngé coppernGydieni@s 1B, idapperebsige qIN, thie éFéoeéﬂédiﬂelprd]m&n bAE33]

Still nore, in the cleaning agent for a substrate having a copper wring of
t he pr esefﬂmqvmgetﬁ\?—u@m(ll)rChC/gdz@mnl@hformecd lab thebeeppel Mjiring surfacanwitbeuter , f or
exanpl e, uster. there be included an acid or a base such
as [111] §§SOQY.}F§‘@ g?' P%(rﬂ?d‘ﬂi“iﬂﬁ%%?@‘h V] hydrochloric acid, sulfuric

aci d, phogw |c acid, or any salts selected fromthese, within a range not
to inhibit effect of the present invention. As a specific exanple of the
[111] am ne pftheramim acds spresented by thergeneeal formuledf{icambeessdialones, f or
exanp| e, an al kanol am ne such as nonoet hanol am ne, 20 di et hanol ani ne,

tri et HhnoPRifiGeEDIRALRRIOf S BbQ?RB‘P élﬂdﬁeho"ﬁ“i%('ﬂ%ﬁ 635eneft YRiNg Wi ABARt hane,
2- (mor phoéér.a‘ﬂ? fﬁ%@% ongﬁ@toﬁ th@%%ﬁﬁo iri n§ rgfog'ﬁ%gﬁlhg the Cu

t et ranet hyl'ammoni um rapr pyla niu

tetrabut y1|p-mmmoumurggvﬁrnqxc@haed cvmhl tHee copper qWilhLin@mic asidcomset fica exanpl e

of the salt with h ochloric acid, there is included, for exanple, 25
t et r amet hiH) -&}ﬁr%ﬁpmmeeshf%mdéoyodlvaiaet ¢anper apdruinaldic asidzorsp defivatveexanpl e of

h | h f. d, .th
Eet(:ar Zguz yfwﬁt S%ﬁﬂ@%ﬁ%@@ﬁ §QJI ‘%:??ealr&r Iq?hglﬁ%f?éz Liérp%e%}g@cm&s % specific
exanp{s® Of.f ﬁﬁ@)yﬁﬁix&m\éﬂtyh tt@girge.hbcarﬁcttﬂei Biftfirfd heids r.léﬂ,re esefbg Ahexaﬁp' €,

t et rabut yl amoni um pho the |i I'n adal tion, adj usters
may be usgehemaldorenuda [1i], nncomblnaabm omsosiuchfa cdmlsinationirthieee isnmni&iedt forshoul d be
noted that as these pH adj usters, i s enough to use comercial ones.

[0836] AnBRINRI2 eﬂ?ﬂ\)"(‘!"aﬁpﬂéﬁj Né‘{'@ﬁ@ hydroxygthy 3'¥@"W1?é\deNtrh%T¥|§WFi66nducr:]t oL 5
coati ng 1ISHieoseyaF R IHPE! ¢ oleithesh, o FRE videaPU b IBr RN or  such

as Cu (I1ghufaefic acu! bmhé IHem In Sdditién, SPEGITraf®)] i the chbe of u@ihgfaea?ahl e t0_ use
an al kanol am ne such as nonoet hanol ani ne, diethanol am ne, triethanol am ne,

monoi2bpr Uﬁ‘érhls(?ahYdiexyemW)gbmmerIMBs(hytﬂfPMﬁﬂJmaﬁmﬂglyme and other

2- ( nor phol i no) et hano 10 al kgnol am pes are ferablel .viewof

bel( ng Eapﬁ'ﬂlné’)%f sé??@é?"%ép’y e %%Qﬁf%??{g"%ﬁ? 'EHBWPE'@?OW N YRW A YEC her i od,

t he di val C, r e v n t net-al

COrr osi on&imr?lq ﬁ%gr?&gﬁeas @J E l I ﬁd&% (c)gjét ?Jﬁa #orfo%%m%eti?ﬁd?fsthg cl eani ng

- obj ect, feoppedwiing! for exampler; asiwdighy r@tttréfamu-buh@z Infporyethyhglpcihedntihat in the

case where the sem conduct or substrate having the copper wiring or copper
15 al | oy QUMY ngaMBionePas h tapeesedtedi ngd¥ i | Heof generali v4pramia copder and the

t al h t f | m I
obj ok wheiT SRBBElsR R iatielie i Horpedcidieln Stk 22t 1R U hyar ogen
phosphat eprefiérﬂ@l?@@ﬂ@t@d@!db%mﬁ@ﬁr@*@étﬂy% #sRd0: Bbere may the case where
removal of free QCA or the Cu (11)-QCA conpl ex becones i npossi bI e.

[0029)

As the [Il] alkylhydrexyl amine in the cleaning agent for a substrate having a

copper wiring of the present invention, for example, the one represented by the

12



20 [0037] = It is desirable that the cleaning agent for a substrate
~having a copper wiring of the present invention is consisted of only the
above [1], [IIl], [IlIl] and water, or [I], [IIl], [IV] and water, in view of
bei ng capabl e of cleaning the substrate w thout giving adverse influence on
the copper wiring. It should be noted that "consist of only [I], 25 [II],
[IIl] and water, or [I], [II], [IV] and water' neans that conponents other
than [I], [II], [IlIl] and water, or [I1], [Il], [IV] and water are not

i ncl uded o F hat coul d gi ve adverse influence on

cl eani ng tdﬂg\ﬁ@g%g????wg%[%lst' (lalfdcegbper wiring, and does not nean to
excl ude ppo@3ence of trance anount of other conponents. It should be noted
that "consist of only [I], [IIl], [IIl] and water, or [I], [IlI], [IV] and
wat er' nmayr*be al so expressed as "not substantially include conponents other
than [I], rxlllJ)H”"[-I I[I4]] and water, or [I], [II], [IV] and water'. [0038] In
the case where the ‘cfeaning agent for a substrate having a copper wring of
5 the preg®nt invention is used as an alkaline solution, it is desirable to
include a base such as [II1] an ami ne or an ammonium salt, and in the case
of using (Whereisl B‘i’/aepreaentala'nnelkglognwupdnavirm-Hofo 8 ¢avbdrl atangrafdRibl e, and
anong t hem pH oLs 9 )}f@ 10 is m)re%referabl e. By setting PH in such a

pr ef erbl EPFESFHES @ BYArAdRA stom & afalkyd gEgupNaving,t taf carBan ptages-hg capabl e of
effecti vepo3quvi ng abrasive grain 10 (polishing agent) such as silica,
but al so being capable of effectively dissolving and renoving the dival ent
copper conpl éxthé aikythgdinxyltniak egpresentatby thedhenbeal Fetinala [@) a6 @5 SIRyli nhi bi t or,
such as a Cu (II)-%:A coating film [0039] In the ca{e ere the cleaning
agent f or 9BRUBANINGaL to Bparhay atomsprapresantdchby & and=RY fkerprisdshidednvent i on

is used as_a. ral i idiic solutipn, it i sirable to inglyde an acid
such as [?Rﬁ%fﬁgm (;%h?%ﬂ(}f'@g’a%ihﬂ?ars fafnﬁﬁ?% o&ayal,sc %’E@s\cﬁﬁ'ﬂ? ?‘8‘“&&18?0 r any

sal t s1gel eab ! i i utral to
el di o ol PP ARG SucRHS, B GREP. Bh HENGroLP, b IRBr PR, 26 U0 6 s
nor e pr ef Bopiopy. greyp, sen-biityhgrokip) an sobiitybgrpupf 2 sebbetyr groge,,a teefut@f f ects are

exerted 20t hat abr ive@grai n (polishing agent) such as silica can be
ef fect i veJ(PUPeAUDEPOUNHGIRHP, @ N-ReBRA Srelim| alhBoPeRtyLWaTauPha $RGReNtIN wei ght %

Crot] : e )

cubstrat oOfFE; ) EREANGPIRANET S EBOAOCHdb, A2 AR WEE RS Dol oh

% concent 1 2tdimethyfordpyl gtdup, anmmycmpi,? (%%Ffm eﬁﬂt&igaﬂ,:rl] Byouph& adegyial fornul a
ig

[1] and the [I1] al kyl hydroxyl am ne. ht % concentration of
[1] the a@ioyB, altisakexXybgiospehseaihexyl group getest-kexyf groupl angatiexylgroue cl eani ng

The case B2 BMHperHoolPeoh-<EraRRPul BisbR: 2> aimehRRFP S faning

agent, i S1léftyiuyl ool ér b @yEhdRy1 YRupNand %Qngﬁﬁnﬁra’?@étﬁyl%rg@plaﬁ a3% by

wei ght, as wei ght % of the relevant am no aci ative to total weight of
t he cl eannipeopybgroup arepeefietableon, in the case of using the rel evant cl eaning
agent as an_acidic cleaning agent, is usually 0.001 to 3% by wei ght, and

pr ef er abl &05.2]001 to

20 As a specific example of the alkylhydroxyl amine represented by the general
formula [4], there is included, for eiample, N-methylhydroxylamine,

N,N-dimethylhydroxylamine, N-ethylhydroxylamine, N,N-diethylhydroxylamine,

N-n-propylhydroxylamine, : N,N-di-n-propylhydroxylamine,
N_-isopropylhydroxylamine, : N,N-diisopropylhydroxylamine,
25  N-n-butylhydroxylamine, N,N-di-n-butylhydroxylamine, N-isobutylhydroxylamine,
N,N-diisobutylhydroxylamine, . N-sec-butylhydroxylamine,

N,N-di-sec-butylhydroxylamine, N-tert-butylhydroxylamine,
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5-1% by wei ght as weight % of the relevant anino acid relative to total

wei ght of the cl-eaning agent. The case where use concentration of the above
- amno aci-d is bel ow 0.001% by wei ght has weak action of dissolving and

- renovi ng copper hydroxide (I1) or copper oxide (11), which could nmake these
remai ned on the substrate, while the case where use concentration is over
6% by wei ght. as the 10 al kaline cl eani ng agent, and over 3% by wei ght as

't he acidi-c cl eaning agent has a probl em of dissolution etc. of the copper
W ring nmoreN-HhRR- it shoul d be noted ' 9 entration
of the am no aci dmﬁgﬁgﬁ%%ﬂrs"h%bt al weight % corﬁ%@%ﬁb\gﬂl n}%&a&ﬁ\q&am no

aci ds r epNd¥-divyeldbutylhytrexgaméereal fornula [ 1], i N-aqehtyigidrexylansingl does not
mean i ndi vh\ggal wej ﬁ{lt % concentration in the case 15 where two or nore

ki nds of NAYAFRPEOAYIRRINR ds are used. [ 0o¥g3opentylhygrqyylanipe, |
concent r ajyi N R;: kvl hydr oxyl am ne, | i nt for a
substrat eNh'ggf'gnHé’eQR@‘dgt&é‘&'am'ﬁng of the presenb‘%etﬁ&eﬂﬂlhgﬁm)&%nﬂﬁg case of
usi ng % heNiNdpsevapertyippdioxigarapent as an al kal i Netegl Idragfitine,] s usual l'y
0.001 to 20 20% b?/ r‘\/I\il/ei ?gt%nd preferably 0.001 torjlégg}zﬁl}e el gh"??’ as wei ght
% of the NY-ditertpentyiydiptiasnipe.ani ne rel ati ve Noneapeatylhydrapytamifiet he

| eani . ition..in th fysi he (el cl eani
coont g R keqbS@HElbliEinse v i < neual "W B REE ght and
pr ef er abl M,@b@@é—n%%)hy&ﬁiﬁlﬁhin@s wei;\gﬂtz_%{ t?\%ﬁ@g&l?}y@}’cﬁ@bmin

al kyl hydr oxyl am ne r Ive to total weight t eani ng a%’ent. The
case wher B,Nibis(t2wireethylptopyhhyairoxyfemiabove aNkittetlyypropyl)arroxglansndel ow

0. 001% by i gh es inpossible.to sufficiently suppress oxidation and
corro@ onNﬁf'bgﬁt'e@gE’b@?yﬁ)W&Pﬁ@a@@ﬁsed by di SS('J‘!"?)@JPP@QB’QWH!OW'@EJ he case
wher e usepnG@l i ' al kal i ne cl eani ngyé i r .20% by

wei ght anﬁ(’:"ﬁgép‘?@%%%ﬁe'ﬂﬁ?"z{?fyé%@%' the acidic cl eanwﬁgﬁ%m@m%%m'ﬁﬁ% by

vei ght, hBsN-gdi-phekyleydrofylghiase separation etc. W-isBReNylfjdrS@lariing i nt o
water. [0043] . I n addition, use concentration of the pH adjuster to be
added, asNdbgiisahexyhydroxyarmine, cl eani ng agent f d-sec-bexydhydevglaming,ng a
copper wi [ing. of the . present. 5 invention, other than the abpve conponents
of the [Iﬁ%ﬁﬂsﬂ?rﬁxyl groa%lggmeoed. above, may e 'ﬁpﬁ?ﬂﬁwer%%&%%nt whi ch
i s capmbl ﬂN).Hi_@ﬁj.ﬂ&?[h?&-okﬁaMme,eCtl ve pH, and arN-?‘HBHéB?yIH’;‘/dH)&Kl%nﬁné ange not

o] nve

to inhibit effect he cl eani ng agent of the present I'nvention,’

speci f i caNIN-ineohexyltedpixglamime,ght A) of a KdSenethyiperdg)Hydtdxylagfingni ne or an

anmoni um .is usually 0.002 to 10% by weight, and preferably 0.002 to 8%
by 10 wei ém',h'sé?s'"\%?yéqﬁ"WWOM‘émm _evaan(Géémeéh'mwmysifpwmme,mei ght of

t he cleanj o ! exa _Wei 0% 0f. an, aci d such as
the [IV] ﬁ%p%@ﬁ?tg;rp%tﬂggﬁgbﬁx’gﬁ{ﬁ%%rﬁéeaCI g[_) (Izgan%ns‘}%h%uéy/ ﬁf Id?xy Ig '%%y salts
sel ect ed RNobistd)Bgmethyib draxyfan@ig, t o 109Ry-etpjitsinin RAfAEr ably
0.002 to 6% by wei ght,ﬂats@')v\'g ght % of the rel ke{vaégwlgg*)dyraeml*gti ve to total
vei ghd0 of NifrBistl-ethibutyaydsoxylam®e] 0044] Thé-cpeotexylhydroxylatrineni ng t he
cl eani ng t for a sybstrate havi,ng .a copper, Wri of th resent

i nvent i onﬁﬂgg%‘?'%??!@é’ﬁ%ﬂka?rﬂ"?% ?reh‘,egé'ge'l oﬁg additipp, irt}%ss ﬁ%ﬁ”ﬁ)ﬂ oKXYr finally
bei ng abl gminasPhBPEE | G Al ~aach nt
relevant to tﬁe pr esg?lfd ?@{}%%t ﬁ?ﬁ"ﬁ%@ﬁﬁ?%ﬁﬁ{/ %?'ngg'arr%ﬁg@gﬁgre IS

i ncl uded eote@thatras favdhdseralkyitiyidngxybaminiet Oit IenguUGIPtBUSE tdrnmrdiy ofer ect | y

addi ng ‘and stirring the am no aci ds represented by the general fornula [1]
rel evant 9'dhepee gy éﬂgeq'ﬁ§@ﬁ?f@ﬂa§mbyalhﬂ91”ﬁyﬂﬁtb§l‘¥| amine into water, where
di ssoééledoggyge_n was renoved by bubbling of dry nitrogen gas, or an agueous
sol utTon [a e]d with the pH adjuster such as, for exanple,

tetranet hyl apmhy Ui NARVIYErEIS! affindd REBré Qe 3y Ootha adirall PRAGR [afext ,

expl anation will be given on preferable specific exanple of the Substrate
as a cl eaNiathylhysirexylanine.t NeN-clistiayinydgoxydaminef dN-npropyiiiiradylantineiarg a copper

wiring of the present invention: ) _
9 prePeratﬁe uch an aﬁ(ylthygroxyl_amine has particularly superior effect in view

of little dissolving metal copper, as well as corrosion suppression effect of metal
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[ 0046]° In the cleaning agent for a substrate having a copper wring of
the present invention, the substrate, which is a cleaning object, is a
substrate provided with at | east the copper wiring or copper alloy wring,
for exanple, of a copper-aluminum 5 alloy or the like. In addition, as a
specific exanple of the substrate, which is the object, there is included,
for exanple, a silicon (Si) substrate, a silicon carbide (SIC) substrate, a
gal l ium arseni de (GaAs) substrate, a gallium phosphide (GaP) substrate, and
an i ndi um phosphide (I1nP) substrate, or the like, and anong them the
silicon (&ppesuss comparedswitih edftiesrablkghydroxyl Civirigs relevant @adithet p@esenti n t he
above substrate, a barrier netal for preventing diffusion of copper to an

i nsul at or ™VeMAMay be included. As the relevant barrier netal, there is

i ncl uded 8 j’fically, for exanple, titanium (Ti), titaniumnitride (TiN),
tant al um @a?, tantalumnitride (TaN), cobalt (Co), and ruthenium (Ru) or

the like. StiThé dBdnthg adentifbeasdubétarURainghecdppel Wity anthengrdsadtor film
and as the relevant insulator film there 1s included, for exanple, a

p- TECS t hisvemtidny isoah clquedus isoftiopi and: dhusninchid¢e wa@eN)as ai camphsitiosi | i con
carbide (S I diielectric constant fil- Lowk; SIOC  SiC) or the
e CCooiPotsa el S i nbf. SRR Mimjtey@h OFE Ho st SBBRrOLBY hact ng
copper W g4 BN ' ink tord i Mt in the
o1 oot ng. B Tl ARG i pracS B R R Rel "ot The
subst r at epéishinggCM), howeer, s, forgexatripde, ussial Water Jrrrifisd Watercdueh@sng agent

after Cu-CMP, When the cleaning agent for a substrate having a copper
wiring of digtiied vaiseat deinnized water; dltracpuie waters ok the likeeadd AGIORgdReMai ter t he

cheni gal ' ol ishing ( race It J1Sa.C - of - ectively
re rmvfdgg ﬁ@% rﬁ%% g/g{a% %aéﬂeﬁegé%gai I%%’cs)? iugﬁal ﬁg’e aw_gaté?\rjt@"eu S e%%%lnﬁﬂarﬁgp process,
but al so jt Rugedisuablyl R viewe f h6tQIvihg TS Rifluddel dtothecleaPMairogddsOy Wi ring
such as copper hydroxide (I11) and/or copper oxide (1l1) generated in the

cheni cal [@88Bhni cal polishing (CMP) process, and still nore various kinds

of particl esStilﬁ r%%lrle?]in the cleaning agent for a substrate having a copper wiring of the

present inventidn, in addition to the above [I], [Il] and water, for example, as a pH

15 adjuster, there may be included an acid or a base such as [lll] an amine or an
ammonium sait, [IV] hydrochloric acid, sulfuric acid, phosphoric acid, or any salts
selected from these, within a range not to inhibit effect of the present invention.

As a specific example of the [lll]] amine or ammonium salt here, there is inciuded
amine such as, for example, an alkanolamine such as monoethanolamine,

20  diethanolamine, triethanolamine, monoisopropanolamine,
tris(hydroxyméthyl)aminomethane, 2-(morpholino)ethanol; an ammonium salt

such as, for example, tetramethylaimmon_ium hydroxide, tetrapropylammonium

~ hydroxide, tetrabutylammonium hydroxide,. choline. In addition, as a specific
example of the salt with hydrochloric écid, there is included, for example,

25 tetramethylammonium chloride or the like. Further, as a specific exampie of the
salt with sulfurib acid, there is included, for example, tetrabutylammoniljm
hydrogen sulfate or the like. Still more, as a specific example of the salt with
phosphoric acid there is included, for example, tetrabutylammonium phosphate or

- the like. In addition, these pH adjusters may be used alone or in combination of
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It-is preferable that the cleaning .agent for a substrate having a copper
wiring of the present invention is used for the sem conductor substrate
having the wiring 5 coated with, at the surface of the copper wiring or
copper alloy wiring, the Cu (1)-BTA conplex forned by nonoval ent copper and
benzotriazole, or a derivative thereof, or the Cu (I1)-QCA conplex fornmed
by dival ent copper and quinaldic acid, or a derivative thereof, anpng the
substrates having the copper wiring or copper alloy wiring. Usually, when
the sem ogRathiGhate Kies! tahBulade ited Bt sOBRAE pHPadlLLERI % efSLYAp al | oy
wiring is treated wth a polishing agent (for exanp

“benzot r i azsel econwrnerctal onexy Si 02 sl urry) containing benzotrr azole or a
derivative thereof, the surface of the copper wiring or copper alloy wring
on the su@98®late is coated with the m)noval ent copper conplex formed by

ronoval ent CARBRE ACaBER OLf LTSS of, MelBElY AN (ECLERbondEl, o0 the

Cu (1)-BTA conp x or ex of rivative ereo

cl eanigg a@rirhtel iving tﬁéf&??é\*\ﬁmh@‘bt BQDp’erf‘aQQPWnﬁgifbe with tiecdutiagent
invention is capable of effectively renoving inpurities derived fromthe
copper wi filimmef tb¢ dwalqnepomar@;nd\tm megal osueﬁloasnmbrtq@eeruon;aﬁr@ur(l@eQ@Al) -and/ or
copper oxrd éfk% l nnvnn Ige coati%g Fe nonoval ent
copper co?ﬁﬂ@ 5 R %%B’b%? m%pgeutrrae O WSHAT a’t‘tl.aé“'&ﬁ SUFY 3BTA 20
conpl ex, glonbdiRarlirhfet @ thbri&aﬁﬂ%oefrremarnbl%mé_ h@borlofso thpfaﬁasﬁuﬁéte copper
W ring after performng o eani ng using the cl eaning agent for a

subst r at efrisgoydrogymethypammomatiareg, of drhe P(memiblinojethanoclon i s Gwwhed with

t he npnoval ent copper conpl ex such as the Cu A conpl ex, such effect
i s obt&i n%'&a'tql%[{““égﬁfeo%rﬁfﬁﬁa@?é\/‘éﬂ‘ﬁ’l%ﬁe'égFéE%b'éP ?gﬁ-’:’“&%{)ﬁ@?OWB@HS or copper

2010y Wil PSR D8l ! e HaR UeBlern bl SRy b iffLRNT N9

agent for a subs ving a co I'nvention is

sui t abl e ¢sppet be@ e et cbﬁ@sr@rﬁ?mhimmﬂlscbl@hsi{llbéll)mﬁcbﬂiﬁgrfﬂnawmchl ng where
the surface of the copper wiring or copper alloy vvrrrnﬂurs treated with

benzotri aisd@ eleaningobject; foamied at thecsapper wongtsudfaca. hdt shoarttbe npled thate

sem condugct or subsrt]ra:lrl havi n the ngf%ir W T or coglper al I%w ring is
treated WiPHCFHUNGE %‘@F'H'(j@ quctqr sHORNAIBAWING AR GRAPST WING;%% SBRR ai ni ng

S102 uralbg WIRRG %r?héwmtrr'tneldaaﬁn@nrnﬁi Rlthé dilRfidnt Fop¥Er ARG RO metaine sur face
of the coppér wting or copper alloy wiring on the substrate is coated w th
t he di val esrtosimpipkibitarpsquheas Cur(ﬂp@Cb\wcniimgtlﬂﬂmtrs aayeemingaolsjectywheh di ¢ aci d or

a derivative thereof, that is, the Cu (I1)-QCA conplex or the conplex of a
deri vat i vRNQSRBPEG facidriyge c buffari agentgawsh fasr diSodivgs thyalregenaphasPhat®opper

W ring of ybhecBlSSArd N AbARClE EAPIRLE By IRTBMNGNSHTE S02 1 1O

filmof t rval onplex ace of € COopper wring,
such as tfee QA drithe @G%mr:gml@rnprensbéﬁmeshﬁtpseﬁmetl me, effectively renoving
inmpurities derived fromthe copper wiring or copper alloy wiring such as 10
coppe20 hy[@03%li de (11) and/or copper oxide (I1). In addition to that, the

iring. f ft f th | ent
288§Z£(|“c“§%{‘ je desy tﬂ aﬁ‘?dt%ét%é'eéﬁﬁgﬁﬁew%? @aﬁeﬁe?ecte%m pRRS vt S géaﬁ‘igper
oxi de [Opff de as
The et af eEreint Bhrolifils conGuBlf ol rloibe (RNIDIYLEHE wABREF IPHAAe, L)
COrrosi on[l‘e)‘ dreCwateh, ih (Wewe op peing apabie iof gleaningolpp esubeirate withiout 9igings

mai ntained. In view of such the point, the cleaning agent for a substrate
having a adyasea infllence@ndhe corpaswringt It shouidkheonoted .qoagtseofquy & eani ng

2 derhat A A wBIERSEr TR B P8’ kB bpfEmbpitrig o BBhiy 271G,

- Wiring. [@@ﬁﬁt‘] aa@wate‘t érqt]hmql [M%n@lmfa?éHérG r@tﬁemdeendy@érpén aMBERT Gt € havi ng
a copper wiring o present “i nvention - he met hod for cleaning a

sem condubtomE tmmmuicagyehedmansy mﬂuemﬁepnvrtleamgg dlﬂe tskibstrate dw@vingi heenti on i s
characterized by.using the cleani t for a bstrate havij a_copper
Wi Ti ng CoRGRRSY Wingy and daek, agh/Bee e RvencH At Fanes SmpUntRalEEDs aci d
repr esent I

al kyl hydrg%ﬁganrﬁtnﬁ e mBE b Ry ha Bt 1’8?’3@4%“'?@"?%’"?5not&'ét or
substrate having a copper mrrrng of the present invention is characterized
by using the cleaning agent for a suZ?trate havi ng a copper wiring of the
present invention, and is not especialfly limted in the cleaning nethod
itself. [0051] As a specific exanple of the nmethod for cleaning a
sem conduct or substrate having a copper wiring of the present invention,
for exanple, the cleaning agent for a substrate having a copper wiring of
the present invention, in which each 5 conponent relevant to the cleaning
agent for a substrate havrng a copper mnrrng of the present |nvent|on IS

o o o N T o o S



" inch SEMATE

Cleaning tenperature at cleaning in the nmethod for cleaning a sem conductor
substrate having a copper wiring of the present invention is not especially
limted, as long as it is cleaning tenperature usually being performed in
this fleld however, it is preferable to performat 15 to 30C, anong them
In addition, cleaning time 20 in cleaning is not especially linmted, as
long as it is cleaning tinme usually being perforned in this field, however,
it is preferable to performcleaning for 15 to 120 seconds, in view of

bei ng cap@p! fvpiangl G/ dmbi eoé%(:&??es%&tvséeﬂbt kub%ﬁié@’fy'zﬁc%e[ 0053]

Expl anation will be given bel ow spe ically on the p I nvention,
based on ¢onapgrieats ather Banmfih I illqenﬁmmt es[l], iip kA and waber".pr esent i nvention
shoul d not be limted to these Exanples. It should be noted that %in the
f ol I owi nglO8%&npl es and Conparative Exanpl es is weight base (Ww % unless

otherw se Sf?tetﬁé fcb?e?wh&%Qﬁé %:Iﬁanlnp Eég%% éUD:Ifd_Fe r?igébéfpeer $fe 1:

| mrer si on experr ren ning agent V|ng a

coppers W thbgeﬁa‘ht\mfeﬂhoﬁ\/@uw g an efkalinbiselutivhsit REiraBR: tBYindﬂQJjé ghing 8
845 (copper wiring, with a barrier metal: TaN, and an

oxi di zed baserﬁucttagsfl"]rmham o 2t apyn@EMTREHawH in tt@t@asp Qfsusm el i shing

slurry con ain benz r| az hen shin re water.
The. vt or e ARRIPEGRtRnosd of e s pBRiabE: Frshapphg b b8 Be (BT
for 1 houjgistRor n SRt fdrbbi s of the
copper w r? Ir?g,o % fater' t%éﬂl g'\g/\g@ ri nsde Vérb%@éﬁggag%eéﬁﬁ%cgsfﬁrg a. single
waf er proeestdnthat ype ohlpareimy capablenef (edfectiviety tespowmrabraavmfgialmred by
KanO Cor lﬁnnd spin dried. Next the re|l evant substrate was cut to a small

pi e(r:]e 10 '"Qza%’it)( sych: @5 (s§icBebyltsalsp 5‘§'“Sr1°9é\?9|eu%ft?ffﬂ$t"éﬁ%§ﬁsﬁlt’@9 l\ih [ OgSS]
E 10
ach 10 Tin@leAARTYROURBAL Ubhan L SLERRR BOBNLE-YSSRUCRR B, W1 o 1S

added w vari ou g agents I5PT GOR s  of reducing
agent s shmeal torrdsidd mhibitagudpdd & C2. (IIpQCXScdatingfilndi N each 1% and whose pH
was adjusted at 9 or 6 using tetramethyl anmoni um hydr oxi de (TMAH) or

sul furic 888 20 Next, the eval uation substrate was put into the rel evant

aqueous solu t he cI ent nd i rsed for 1 hour

St rimg af RS chas Wnis 1BS a0 Re BES SIS EA\ R FORRRT WY he
aqueoyss Sfﬁ%”ﬁrb@éht(lht?&ttﬁh%msﬁg A8 Hotral 191 8€Mic/edilid, Ndeshepg gt er for 1
m nute, dried wth nitrogen gas, and then stored 1 day in a clean room
of a hum icluge @n &8 sact as [Il\@rmerroahlune aoid, 28MLriceandd, hospharizsaci ategr ee at
the copper wiring surface was observed using a field em ssion-type scanning

el ectron Mk?%@é@t?@te(q:ﬁe%mn ('Bm%we Feusincaitthe eRlevant pputeal e acidic

00 TSRO e EE5Unl, B B IR o A et

conposi ti pnéseraﬂet hBy fé@l‘tﬂgfﬂl-ﬁﬂ‘ﬁ‘sudh é proférblecrapge! SSdnoafkiets ard &eriedeani ng
agent for a substrate having a copper wiring of the present invention

(Exangf) e thpt akrasivegrain (palishing apentiisuah as silicacandhe effectivalyrémaoyedgent
(Corrparatt'\é 6Exarrple 1). In addition, mark [-] in the Tabl e neans not
. per formedt (fi 56] 5[ Tabl e 1] '

Next, explanation will be given on weight % concentration of each component

contained in the cleaning agent for a substrate having a copper wiring of the
present invention, that is, weight % concentration of [I] the amino acids
25 represented by the general formula [1] and the [II] alkylhydroxylamine.
' [0041]
Weight % concentration of [I] the amino acids tepresented by the general
formula [1] in the cleaning agent for a substrate having a copper wiring of the

present invention, in the case of using the relevant cleaning agent as an alkaline
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[ 0057] [Table 2] [0058] Exanpl e 2 and Conparative Exanple 2:

Di ssol uti on experinent using nmetal copper 5A copper plate (a purity of 4N)
manuf actured by RARE METALLIC Co., Ltd. was cut into a small piece of about
2 cmx 2 cm degreased by acetone cleaning, and then imersed in a 0.5 N
aqueous solution of sulfuric acid for 1 hour to renmove an oxide at the
surface. After that it was rinsed using pure water degassed using nitrogen
gas, and dried with nitrogen gas. Next relevant copper 10 plate was, at
once, put into each 10 nL of an aqueous sol ution &a cl eani ng agent) added

with vari 6§a8niRg 3gentfs B%H?ﬂy 840 doLije by wveight. aad prfiyakly @@010fo 3% dyci ng

o i ng. t SERnkes, i 3 o TebBart Ayl Teme o i Vit er B 1or 15

m nut es upKaingtagehi. Ndn lditiere iRENEEEsEe Sksid MR reldlSntcliefid 9gaisit ). the

copper 15 plate was taken out to quantitatively neasure conc%ntratl on of
met al cop@@ﬂCldIClﬂlmlﬂg'ﬂgﬁnt rmuamﬂgﬁtmwoB% byweight)and pesieriably Ga0Eno) , by an
I nducté ve 8 ﬁ{j Pl aSEEb m c,Em ssi on Spectroneter (I1CP-AES), using
copper OXI tiye‘ﬁ lgptagweight % "&Fereﬂqvla}‘t W'%%wdﬁéue&%we% ofi#hiei ndex.
Resul t t hgegfhg! OV 0 t t ne having
conpositions ih a?ﬁgh o C%rsg@e?en%tsﬁgbﬁlé%ﬁ%kg%?féﬂsé 5&% {m%?h%%c eani ng

agent forbeiowu(lh@ﬂi%tbzy Iwmghnghas wealpattion of ldil;selinngwdor@ﬁ@nﬁg icBysett i on
(Exanple 2). and ot hers correspond to a conparative 5cl eaning agent
( Conpar at iAoxide ) & ?PPPGFrnO)ﬂ@%Il(H) ovhictmgplldHmake ttheseTemainedk anstheot

perfor mdu%dsﬂ'géglwt{llgqpé %?g,é M‘ Ogg&gnﬁe&g%qnﬁ &t Gqﬁggdv%atr atlve Exanple

3: Dissol ution éxperinen Spper oxi de

(rr) ﬂbmakal(rﬁ%lémﬁ el EmRbVBY 330w Egheasihe td.) was
wei ghed, and provi degda%y putting into aBZOO M@Egﬁod%/et hy%sseénrgﬁ segker in

advance. PeRlem QBdlﬁﬁoldﬂonaetCa@ﬂtbemppm wiring mdre todre necasgaryagitrshpulddded with
ki nd t ki nds of reducing agents

ahown- n R indi SerEY; SoheBiRion e %S‘;édq%‘;a@érgﬂ?m tefa| WegEidhat 9 using

tetranet had@gwmmhmr%@g aiddMbhrestfid ffh&g;gr haey. fé@tn.ﬁ? ! [?féﬁbove

pol yet hyl ene beaker where cop oxi powder had
been wei gtmrobihatio, &nd|doestrive nmpmdw@ﬂhﬂﬁe(ghf Y BoncEntrafiooh thercat@ M nutes.
After that, undi ssol ved copper oxide (l1l) was renoved using a 0.2 pmfilter
for a aq‘ﬁ@%fﬁ Eﬁmwk@daegmrﬁl&vam@rwn%adaaae ésatcentrati on of copper

di ssol vegl|0 the cl eaning agent after the filtration, using an

I nductiv %oupl ed Plasma Atom c Em ssion Spectroneter (1 CP-AES),

( SPS- 3100HV Weighit e ebhigettration of the [Il] alkylhydroxylamine, in the cleaning agent

for a substrate having a copper wiring of the present invention, in the case of

using the relevant cleaning agent as an alkaline cleaning agent, is usually 0.001 to
20 20% by weight, and preferably 0.001 to 15% by weight, as weight % of the
relevant alkylhydroxylamine relative to total weight of the cleaning agent. In
addition, in the case of using the relevant cleaning agent as an acidic cleaning
agent, is usually 0.001 to 10% by weight, and preferably 0.001 to 5% by weight,
as weight % of the relevant alkylhydroxylamine relative to total weight of the
25 cleaning agent. The case where use concentration of the above
alkylhydroxylaminke is below 0.001% by weight makes impossible to sufficiently
suppreSs oxidation and corrosion of the copper wiring caused by di.ssolved
oxygen, while the case where use concentration as the alkaline cleaning agent is

over 20% by weight and use concentration as the acidic cleaning agent over 10%
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10 by SIl1 Co., Ltd.). Result thereof is shown in Table 4. It should be
noted that the one having conpositions in the bold frane in the Table
correspond to the cleaning agent for a substrate having a copper wring of
the present invention (Exanple 3), and others correspond to a conparative
cl eani ng agent (Conparative Exanple 3). In addition, mark [-] in the Table
means not perfornmed. 15[ 0061] [Table 4] [0062] Experi nental Exanple 1
and Conparative Exanple 4: Zeta potential of Si02 particle 5Into a

centri T ugy i, nbs Blordfied & pRYeS SHaRMorsg Wit Bleolifig itEaa! . and

vari ous conpl éxing agents sh 5 were c arge pH t f was
adj ust ed 0948y tetranmet hyl anmoni um hydroxi de (TMAH), as well as |
concentration of the conplexing agent was adjusted so as to be 0.2 M in
measur ement Byaddiios, B%ﬁ@@ﬂqeatratﬂqs\ fﬁrt%BH@dw%ItQPP@ﬁde‘ﬂ rﬁ&ﬂ@f%@ée of addi ng

a 10 co r o) I S used,
and conggﬁ)t f’hlat Plgﬁﬁig a%g\gg& g % rg{g %@%D% al\&iﬁhﬁq&f%??{{l}%&gﬁas to be
0.2 M5 i ninv@stionr smeﬂmaﬁfthez@ts@/ewnmbais ofltﬁe [squll[nij bedagéri@édtabawe pH has
surely adjusted before the neasurenent, so as to be pH of usi ng

t et r anet hyladenoughuta h@dn@mwtwmw)s oenwsmf ediusting tosmbjentmtpH 2etlasi zer pV,
e L Bl T BB B oL Bkt S e prihe 2 he
ggggreafo;@mﬂpaqf;slc{aﬁcra@r R SxaiBlt! folihD % dribRB'sien B Tiffar SRERFBhed by the.
. ammonium sali is usually 0.002 to 10% by weight, and preferably 0.002 to 8% by
10  weight, as weight % of the relevant base relative to total weight of the cleaning
agent. In addition, for example, weight % of an acid such as the [IV] hydrochioric
acid, sulfuric acid, phosphoric acid, or any salts selepted from these, is usually
0.002 to 10% by weight, and preferably 0.002 to 6% by weight, as weight % of the
relevant acid relative to total weight of the cleaning agent.
15 [0044] |
' The-method for obtaining the cleaning agent for a substrate having a copper
wiring of the present invention is not especially limited, as long as it is a method
for finally being able to prepare a solution including the above each component
relevant to the present invention.. Specifically, for example, there' is included a
20 method for making a uniform aqueous solution by directly adding and stirring the
amino acids represented by the general formula [1] relevant to the presen{
invention and alkylhydroxylamine into water, where dissolved oxygen was
removed by bubbling of dry nitrogen gas, or an aqueous solution added with the
pH adjuster such as, for example, tétramethylammonium hydroxide,
25 monoisopropanolamine. |
[0045] _
Next, explanation will be given on preferable specific example of the
substrate as a cleaning object in the'cleaning agent for a substrate having a

copper wiring of the present invention:
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cl-eani'ng agent for a substrate having a copper wiring of the present

I nvention (Experinental Exanple 1), and others correspond to Conparative
Exanple 4. In . addition, mark [-] in the Table nmeans not perforned. 5

[ 0063] [ Table 5] Si02 singly S102 + Cu Sarcosine -37 -38 Aspartic acid
-40 -36 Jutamc acid -42 -33 Tricine

[0046] |

In the cleaning agent for a substrate having a copper wiring of the present
invention, the substrate, which is .a cleaning qu_ecf, is a substrate provided with at
least the copper wiring or copper alloy wiring, for example, of a copper-aluminum

5 alloy or the like. In addition, as a specific example of the substrate, which is the
object, there is included, for example, a silicon (Si) substrate, a silicon carbide
(SiC) substrate, a gallium arsenide (GaAs) substrate, a gallium phosphide (GaP)
subétrate, and an indium phosphide (InP) substrate, or the like, and among them,
.the silicon (Si) substrate is preferable. |
- 10 [0047]

In addition, in the above substrate, a barrier metal for preventing diffusion of
copper to an insulator film may be included. As the relevant barrier metal, there
is included specifically, for example, titanium (Ti), titanium nitride (TiN), tantaium
(Ta), tantalum nitride (TaN), cobalt (Co), and ruthenium (Ru) or the like.  Still more,

15 the above substrate includes an insulator film, and as the relevant insulator film,
there is included, for example, a p-TEOS thermally oxidized film, silicon nitride
(SiN)-, nitrided silicon carbide (SiCN), a low dielectric constant film, (Low-k: SiOC,
SiC) or the like.

[o048]

20 As use form of the cleaning agent for a substrate having a copper wiring of
the present invention, it is preferabie to use it in the cleaning process after
chemical mechanical polishing (CMP) treatment of the substrate having the
copper wiring, that is, to use as the cleaning agent after Cu-CMP. When the
cleaning agent for a substrate having a copper wiring of the present invention is

25 used as the cleaning agent after the chemical mechanical polishing (CMP)

| process, it is capable of effectively removing not only abrasive grain (polishing
agent) used in the CMP process, but alsc__> impurities derived from the copper
wiring or copper alloy wiring such as copper hydroxide (Il) and/or copper oxide (11)

generated in the chemical mechanical polishing (CMP) process, and still more
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-27 Citric acid -52 -40 dycine -
-15 Arginine - -12 Al anine

10

.15

20

25

various kinds of particles.
[0049]

It is preferable that the cleaning agent for a substrate having a copper wiring

-of the present invention is used for the semiconductor substrate having the wiring

coated with, at the surface of the copper wiring or copper alloy wiring, the Cu
(1)-BTA complex formed by monovalent copper and benzotriazole, or a derivative
thereof, or the Cu (II)-QCA complex formed by divaient copper and quinaldic acid,
or a derivative thereof, among the substrates having the copper wiring or copper
alloy wiring. Usually, when the semiconductor substrate having _-the copper
wiring or copper alloy wiring is treated with a polishing agent (for example,
benzotriazole-containing SiO; slurry) containing benzotriazole or a derivative

thereof, the surface of the copper wiring or copper alloy wiring on the substrate is

coated with the monovalent copper complex formed by monovalent copper and

benzotriazole or a derivative thereof, that' is, the Cu (I)-BTA complex or the
complex of the derivative thereof. The cleaning agent for a substrate having a
copper wiring of the present invention is capable of effectively removing impurities
derived from the copper wiring or éopper alloy wiring, such as copper hydroxide
(i) and/or copper oxide (Il), without removing such the coating film of the
monovalent copper complex of the copper wiring surface, such as the Cu (I)—BTA
complex, at the surface of the copper wiring. That is, because the copper wiring
after perfdrming of cleaning using the cleaning agent for a substrate having a
copper wiring of the present invention is coated with the monovalent copper

complex such as the Cu (I)-BTA complex, such effect is obtained that corrosion

prevention effect of the copper wiring or copper alloy wiring is maintained. In |

view of such the point, the cleaning agent for a substrate having a copper wiring of
the present invention is suitable for cleaning of the semiconductor substrate
having a wiring where the surface of the copper wiring or coppér alloy wiring is

treated with benzotriazole or a derivative the.reof. On the other hand, when the

- semiconductor substrate having the copper wiring or copper alloy wiring is treated
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- -37 Methionine - -40 Proline - -35 Tris -52 -43 Bis-Tris - -14 Pi perinic
acid - -19 Amonia -47 2.8 _

with a polishing agent (for example, quinaldic acid-containing SiO, slurry)
containing quinaldic acid or a derivative thereof, the surface of the copper wiring
or copper alloy wiring on the substrate is c_oated with the divalent copper complex
formed by divalent copper and quinaldic acid or a derivative thereof, that is, the Cu
. 5 (I)-QCA complex or the complex of a derivative thereof. The cleahing agent for
a substrate having a copper wiring of the present invention is capable of removing
such the coating film of the divalent copper complex at the surface of the copper
wiring, such as the Cu (II)QCA complex, and at the same time, effectively
removing impurities derived from the copper wiring or copper alloy wiring such as
10 copper hydroxide (Il) and/or copper oxide (ll). In addition to that, the copper
wiring surface, after removal of the coating film of the divalent copper complex, is
protected by the monovaient copper oxide such as copper oxide (I). In other
words, because of formation of the copper oxide () as the metal corrosion
protection film layer, such effect is obtained that corrosion effect of the copper
15 wiring or copper alloy wiring is maintained. In view of such the point, the cleaning
agent for a substrate having a copper wiring of the present invention is suitable for
cleaning the semiconductor substrate having a wiring treated with quinaldic acid
or a derivative thereof at the surface of the copper wiring or copper alloy wiring.
- [0050] _ _
200 -A method for cleaning a semiconductor substrate having a copper wiring of the
present invention - | '

The method for cleaning a semiconductor substrate having a copper wiring of
the present invention is 'ch_aracterized by using the cleaning agent for a substrate
having a copper wiring consisted of an agueous soldtion containing [I] the amino

25 acid represented by the above general formula [1] and [lI] the alkylhydroxylamine.

| That is, the method for cleaning a semiconductor substrate having a copper wiring
of the present invention is characterized by using the cleaning agent for a

substrate having a copper wiring of the present invention, and is n.ot especially

limited in the cleaning method itself.
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Et-hanol am ne -55 -45 Tri et hanol am ne -44 -15 HEDPO -40 -40 Cysteine -

| sol eucine - -39 TMAH -64 -54 Gllic aid -

10

15

20

25

[0051] .

As a specific example of the method for cleaning a semiconductor substrate
having a copper wiring of the present invention, for example, the cleaning agent
for a substrate having a copper wiring of the present invéntidn, in which each
component relevant to the cleanihg agent for a substrate having a copper wiring
of the present invention is prepared within a predetermined concentration range
by the above preparation method, is provided. Next, by immersing the substrate,
as described above, into the cleaning agent for a substrate having a copper wirihg
of the present invention, cleaning is attained. It should be noted that the cleaning

method is not especially limited, and other than the above immersing system,

‘there is applied a system usually being adobted in this field, such as a spinning

(dropping) system, a spraying system. In addition, any of such systems may be
used, as a batch system for treating a plurality of substrates at the same time, or a
single wafer processing for. treating one by one.

[0052]

Cleaning temperature at cleaning in the method for cleaning a semiconductor
substrate having a copper wiring of the present invention is not especially limited,
as long as it is cleaning temperature usually being performed in this field, however,
it is preferable to perform at 15 to 30°C, among them. In addition, cleaning time
in cleaning is not especially limited, as long as it is cleaning time usually being
performed in this field, however, it is preferable to perform clean.ing for 15 to 120

seconds, in view of being capable of cleaning the substrate efficiently.

EXAMPLES
[0053]
Explanation will be givén below specifically on the present invention, based
on Examples and Comparative Examples, however, the present invention should
not be Ii.m'itéd to these. Examples. It should be noted that % in the following

Examples and Comparative Examples is weight base (w/w %) unless otherwise
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-33 Sarcosine:. N-net hyl gl ycine Tricine: Nqtris(hydroxynethyl)methyl]glycine
Tris: 2-am no-2-hydroxynet hyl-1, 3-propanedi ol Bis-Tris: bis(2- HEDPO

1- hydr oxyet hyl i dene- 1, 1- di phosphoni ¢ aci d TMAH: tetranet hyl ammoni um
hydroxide [0064] As is clear fromresults of Exanples 1 to 3, and

Experi mental Exanple 1 and 10 Conparative Exanples 1 to 4, only the

cl eaning agent for a substrate having a copper wiring of the present
invention, that is, the cleaning agent for a substrate having a copper

W ring of shdigrder esent invention which selected the specified amno acids
represented by the general fornula [1] relevant to the present invention as
a conpl ex[ad§4phgent, and al kyl hydr oxyl ami ne as a reduci ng agent, has been
clarified to_be cap able of effectively dissolving and renovi ng copper 5
oxide (11), \ﬁ?‘?‘i’l‘Bﬁt AnglsPyPARtike ttxampis e Immarsion: expgriment sising ther r osi on to

th t h | t. .of Ex le 1, it h b
cl :r??PESEI'?%%%?ﬁ%ﬂtgpﬁéﬁwa%méeg %{lnquggge:rdﬂggg at eagv?ng aI copSZr \(Iamepl ng of
the prgsent AWVéfértW%pdﬁﬁésépWh%rWQéj@otéthd?)?%B it 8ildds é’rﬁ@“?e Ias from

the result of Exanple 2, elution of copper e copper
suppr esse#45 Seonper wiring, withra thagrierewetal: TAN,oandanpkidizad ﬁlrtn mEO$een

clarified e nt_ for substrate having a copper wring of
the pr eseﬂ-{an%é‘ %9 gﬁ' ag&@ggggﬁ éﬁ‘?éc‘ﬁ'%lF}P"BF'QSoﬁlwngC@mammnow ng
copper OoXpékofrl ‘%HH e Jes i ment.al Exarrpl e 1,

it has been glraarkll)%el % tha%nqjg%e%f eﬁarvr\{'tﬁogg%:el g\fat&é &eemaéﬁr the

gener al fmmel‘sad intd ariéh agasdust solitioa qﬁbeﬁmﬁazdlé/ ) g6r ShOWStofoia zeta

potenHeaI 2, 15 therefore, provides the cleaning agent, which is
capab P”é ITEIé sapling fﬂrer?é\ihengumea@‘u the cgpaemwiripgl arsmit@- thgkitwasf r om t he
substrate, herl t he abrasiv r.ain ol i shing
agent) sué?#egs‘mgf rgglgag%\ﬂ[ %Qﬁié S?'.%%YVP Eroaes888) RS(‘gﬁ%i"égH‘ Wed8npar at i ve
- Exanpl e Smufkspirilert manufasesd f i onpl ex (Cu
(I'l)-QCA conplex) and free unﬁal A?gog;é?bnaoé i bried! qqéﬂ&ﬁ?ﬁgfegﬂg pL of a
0.1 M aquiuhsgateowas icoh tofa smptb@lecsud)ffabmlt(zjnSCX)z icnt @ beAsedLavfanpol i shing
slurry con inin inaldic acid (QCA) and potassi um hydroxi de, and then
stirri ng, uaél Ugﬂﬁé Y| uti on suspended with a Cu (I1)-QCA conplex and free
QCA wgs 85 red Next, by adding each of 400 pL of 0.2 M 25 solutions of
various kinds of am no acids shown in Table 6, whose pH were adjusted at
9.7 usi ng 1oea)crptommaﬁbnlaquemuse;omroar(aaednmgtaga Wa lpppEpéd, Whidhyidr oxi de

( TMAH) Aége above susgenm on liquid, turbi d|ty degree of the solution
after thea di Wit Natieus kipds jof rﬁémplﬁXMaﬂg%ﬂtSAhde\rarphatklndmofplledu&mgn 85%

?gu\??gﬁaf ehis %\Aﬂfln%ﬁtehlyém/'ﬂab? ¥ &UIe Mad &l otaondev\allf(%ct]seoplac EVQS sol utions

adjusted at 9 or 6 using tetramethylammonium hydroxide (T MAH) or sulfuric acid.

20 Next, the evaluation substrate was put into the relevant aqueous solution (the
cleaning agent) and immersed for 1 hour under stiring.  After that the évaluation
substrate was taken out from the aqueous solution (the cleaning' agent), rinsed
with flowing pure water for 1 minute, dried with nitrogen gas, and then stored for 1
day in a clean room of a humidity of 50% and a temperature of 23°C and

25 corrosion degree at the copper wiring surface was observed using a field
emission-type scanning electron microscope (FE-SEM) (S-4800, manufactured
by Hitachi High-Technologies, Ltd.). Result at pH 9 is shown in Table 1, and
result at pH 6 is shown in Table 2. It should' be noted that the one having

compositions in the bold frame in the Table corrésponds to the cleaning agent for -
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confirmturbidity degree of the solution after two m nutes. Result thereof
I's shown in Table 6. It should be noted that conpositions.in the bold frane
in the Table correspond to Exanple 4, and others correspond to Conparative
- Exanple 5. 5 [0066] [Table 6] After DEHA addition | Before DEHA addition
Amino acid Bicine 0-O Tricine 00 dycine x x Alanine x x dutamc acid

a substrate having a copper wiring of the present invention (Example 1), and
others correspond to a comparative cleaning agent (Comparative Example 1). In

addition, mark [-] in the Table means not performed.

[0056]
5 [Table 1]
Reducing agent
Each1% | DEHA | n-PrHa | None | Ascorbic acid | oHPBIS| HA | Gallic acig| EthYiene | Phosphorous
- glyceol acid
Sarcosine [©] YN x © x x x x x
Bicine © © : A © x x x A A
Tricine © © | A © x x x A A
Aspartic acid @] © A © x x x A A
Glutamic acid [©) © A © x x x A A
Citric acid A A x (@) x % x x x
Glycine A x % © x x x x x
Serine x x x (@] x x x x X
Threonine x x x © x x x x x
Arginine x x x A x X x x x
" Ricine x x x x x % x x x
Compexing -
agent Alal.'un.e x x x A x x x x x
Methionine x x x [©] x x x x x
Proline - A X A x X x x x
Tris A - x © x X x x x
Bis-Tris A - x © x X x x x
Piperinic acid A © A © x x X A A
Acetic acid A ©. iy © x x x A PN
Ammonia x x x x x x x x x
Ethanolamine x x x A x x x x x
Triethanolamine x (@] x aN x x A x x
HEDPO x x X x x x x x A
NONE © © x © © x x x x
©: no corrosion A alittle corrosion  x: presence of corrosion
Sarcosine: N-methylglycine
Bicine: N,N-bis(2-hydroxyethyl)glycine
Tricine: N-[tris(hydroxymethyl)methyljglycine
Tris: 2-amino-2-hydroxymethyl-1,3-propanediot
Bis-Tris: bis(2-hydroxyethyl)iminotris(hydroxymethyl)methane
HEDPO: 1-hydroxyethylidene-1,1-diphosphonic acid
DEHA: diethylhydroxylamine
n-PrHA: n-propylhydroxylamine
DHPBIS: 3-[{2,3-dihydroxypropyl)-hydroxyamino]-propane-1,2-diol
HA: hydroxylamine :
[0057]
[Table 2]
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0'ACQC": clear0: alittle clearA: a little turbidx: turbid Bicine:

N, N- bi s(2- hydroxyet hypgl ycine Tricine: N-[tris(hydroxynethyl)nethyl]glycine
DEHA: di et hyl hydroxyl ami ne [0067] Exanple 5 and Conparative Exanple 6:

.Di ssolution experinent of a Cu 10(I1)-quinaldic acid complex (Cu (I11)-QCA
conpl ex) and free quinaldic acid (QCA) By adding 200 pL of a 0.1 M
aqueous solution of copper sulfate (CuSO4) into 1000 pL of polishing slurry
cont ai ning quinaldic acid (QCA) and pot assi um hydrOX| de and then stirring,
an aqueous sol ution sugpe » R 5 QCA was
prepared. Next, O F NV pOT ULT O _Of CAY L9 | tanylens | Phosphorous
N, N- bi s( 2- hydr QFO ¢ HE] M tﬁ“ﬁ%‘)“‘d \PBre, "or®§PUt andic | ackd dl one, or

m xture V\}ith t krniq~n an no“acilds ilnxah arbitrar rat| , or 400 .
pL of a 0.2 Mg nqot BY M B is(gZ by droxyet byl ) glycihe £Bigi ne)
al one, or| N-net ] sarfoste)zatone, ot Xt utre-wtt—these two

Aspadtic atill
_kinds of fam no [a@kdsacl_&n[apbiTEary tati0, WosEe pH Was agjusted at 9.7 by
p

addi ng 1000 pL fCitqif!actdr put ecwat er! anfl 20 poflass| um hydroxid s each

added to e"# wEB s defsi of b-g-d—and—tunbid-/-degreetof Zt-hg sol ution
L Methionine X x x x . .

after thel add Tn town in Tabl e

_ [Cen Llltru«v auél Yy RgSth thereaf S ;

7. It shoul d bg Peied«tiNal [COMPOSI [ 1 0A T al 1x0 |[arnd| Vixsual zobser vatijon result
in the bo] d fratgpﬁceiticmcidt e2TabPelcoryespond to{Exahple b, “and et hdrs
a

z

i . <] - = o 3 - - - . .
correspond to JestPdtive Examplo—6-—0048) {iTabre7+—Mxing—+4dtio of
0Ol N x '\;;’ x x x

amno acid (A [AmWIO T =
: ©:nocorrosion A a little corrosion  x: presence of corrosion
Sarcosine: N-methylglycine

Bicine: N,N-bis(2-hydroxyethyl)glycine

Tricine: N-[tris(hydroxymethyl)methyllglycine

Tris: 2-amino-2-hydroxymethyl-1,3-propanediol

HEDPO: 1-hydroxyethylidene-1,1-diphosphonic acid

DEHA: diethylhydroxylamine

n-PrHA: n-propylhydroxylamine

DHPBIS: 3-[(2,3-dihydroxypropyl)-hydroxyamino]-propane-1,2-diof
HA: hydroxylamine ]

[0058]
Example 2 and Comparative Example 2: Dissolution experiment using metal

~ copper
5 A copper plate (a purity of 4N) manufacfured by RARE METALLIC Co., Ltd.

was cut into a small piece of about 2 cm x 2 cm, degreased by acetone cleaning,
and then immersed in a 0.5 N aqueous solution of sulfuric acid for 1 hour to
remove an oxide at the surface. After that it was rinsed using pure water
degassed using nitrogen gas, and dried with nitrogen gas. Next relevant copper
10 . plate was, at once, put into each 10 mL of an aqueous solution (a cIeanihg agent)
added with various kinds_ of complexing agents and various kinds of reducing
agents shown in Table 3, so as to attain each 1%, whose pH was adjusted at 9
using tetramethylammonium hydroxide (TMAH). " After the immersion for 15
minutes. under stirring of the aqueous solution (the cleaning agent), the copper
15 plate was taken out to quantitatively measure concentration of metal copper
eluted into the aqueous solution (the cléaning agent), by an Inductively-Coupled

Plasma Atomic Emission Spectrometer (ICP-AES), using copper oxidized to
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acid Bicinel0 86 4 2 o0 GQutamic acid0 2 4 6 8 110 Tubidity degree of
solution(c) 0 @ ' :

10

15

copper oxide (i) by dissolved oxygén, as an index. Result thereof is shown in
Table 3. It should bé noted that the one having compositions in the bold frame in
the Table corresponds to the cleaning agent for a substrate having a copper wiring
of the present invéntion (Example 2), and others correspond to a comparative

cleaning agent (Comparative Example 2). In addition, mark [-] in the Table

means not performed.

[0059]
[Table 3]
Reducing agent -
Each 1% DEHA | n-PrHA§ None | Ascorbicacid | DHPBIS| HA
Sarcosine 133 [ 03 5.7 0.8 1.2 4.7
Bicine 0.8 0.2 3.2 0.2 0.9 2.5
Tricine 0.6 0.2 1.7 0.2 0.9 14
Aspartic acid 35 | 0.2 5.4 1.6 - -
Glutamic acid 1.51 0.2 4.8 1.2 148 2.6
. Citric acid 2.8 0.6 4.2 2.8 2.9 3.8
Compexing - -
agent ) Gl.yflne -4 0.3 7.73 15 3.8 6.3
Ricine 1.8 - 5.4 1.1 - -
Methionine 2.4 0.6 6.1 1.7 - -
Tris 1.9 - 6.7 1 - -
Bis-Tris 1.3 - 1.2 0.7 - -
Ammonia 8.7 - 13.8 29 8.4 6.3
Ethanolamine - - 11.4 2.8 - -
Sarcosine: N-methyiglycine
Bicine: N,N-bis(2-hydroxyethyl)glycine
Tricine: N-[tris(hydroxymethyl)methyllglycine
Tris: 2-amino-2-hydroxymethyl-1,3-propanediol
Bis-Tris: bis(2-hydroxyethyl)iminotris(hydroxymethyl)methane
DEHA: diethylhydroxylamine
n-PrHA: n-propylhydroxylamine
DHPBIS: 3-[(2,3-dihydroxypropyl)-hydroxyaminol-propane-1,2-diol
HA: hydroxylamine
[0060]

Example 3 and Comparative Example 3: Dissolution experiment of copper
oxide (Il |

50 mg of copper oxide (ll) powder (99.99%; produced by Wako Pure
Chemiéal Industries, Ltd.) wés weighed, and provided by putting into a 200 mL

polyethylene beaker in advance. Next, 25 mL of an aqueous solution (a cleaning
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00 cp: clearO: alittle clearL: alittle furbidx: turbi d Bicine:
N, N- bi s(2- hydroxyet hyl) gl yci ne m xing ratio of am no acid (B)
acid Bicinel0O 8 6 4

10

15

agent) added with various kinds of complexing agents and various kinds of
reducing agents shown in Table 4, so as to attain each 1%, whose pH was
adjusted at 9 using tetramethylammonium hydroxide (T MAH), was each charged
into the above polyethylene beaker where 50 mg of the above copper oxide (ll)
powder had been weighed to dissolve the copper oxide (ll) by stirring for 10
minutes. After that, undissolved copper oxide (Il) was removed using a 0.2 pm
filter for an aqueous system to quantitatively measure concentration of copper
diésolved in the cleaning agent after the filtration, using an Inductively—CohpIed
Plasma Atomic Emission Spectrometer (ICP-AES), (SPS-3100HV, manufactured
by Sli Co., Lid.). Result thereof is shown in Table 4. It should be noted thaf the

one having compositions in the bold frame in the Table correspond to the cleaning

agent for a substrate having a copper wiring of the present invention (Example 3),

and others correspond to a comparative cleaning agent (Comparative Example 3).
In addition, mark [-] in the Table means not performed.

[0061]

[Table 4]
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0- Sarcosineo 2 4 6 821 10 Tubidity degree of solution(c) (c) 0 @ O c):
clearO: a little clearL: a little turbidx: turbid Bicine:
N, N- bi s( 2- hydr oxyet hyl ) gl yci ne sarcosi ne: N-rnethyl gl yci ne

Reducing agent
Each 1% DEHA | n-PrHA | None | Ascorbicacid | DHPBIS| HA | Gallic acid Ethylene PhosprTorous
. : glycol acid
Sarcosine 27 189 | 25 4.1 10.9 11.3 27 28 28
. Bicine 17.4 20.8 16 2.7 11.2 11.4 17.3 17 14
Tricine 9.8 9.9 13.7 2.6 5.8 - - - -
Aspartic acid 13.5 - 33 2.4 10.5 10.4 11.3 125 13.9
Glutamic acid 13.6 12.3 13.2 1.5 9.8 10.3 124 - 129 14.2
Citric acid 3.8 4.4 3.6 3.7 38 10.8 3.9 3.9 4.2
Glycine 122 88 129 7.1 102 107 148 134 121
Compexing Ricine 24 - - 29 3.5 - - ~ - -
agent Methionine 26.9 - 12.5 2.5 - - - - -
Tris 2.5 - 2.03 2.1 ~ - - - -
Bis-Tris 2.1 - 3.5 1.2 - - - - -
Piperinic acid 1.2 2 1.4 1.4 1.8 4.2 2.1 2.5
Ammonia 60 62 64 63 62 60 63 - -
Ethanolamine 52 54 53 55 50 55 57 - -
HEDPO 7.3 7.2 7.4 7.7 7.2 7.7 7.4
Water 0 0 0 0 0.1 0.3 -
Sarcosine: N-methylglycine
Bicine: N,N-bis(2-hydroxyethyl)glycine
Tricine: N-[tris{hydroxymethyl)methyljglycine
Tris: 2-amino-2-hydroxymethyl-1,3-propanediol
Bis-Tris: bis(2-hydroxyethyl)iminotris(hydroxymethyl)methane
HEDPO: 1-hydroxyethylidene-1,1-diphosphonic acid
DEHA: diethylhydroxylamine
n-PrHA: n-propylhydroxylamine
DHPBIS: 3-[(2,3-dihydroxypropyl)-hydroxyamino}-propane-1,2-diof
HA: hydroxylamine

[0062]
Experimental Example 1 and Comparative Example 4: Zeta potential of SiO,

particle

5 into a céntrifuge tube, 1 mi ofé 0.5% aqueous solution of SiO, was put, and

various complexing agents shown in Table 5 were charged, pH thereof was
~adjusted using tetramethylammonium hydroxide (TMAH), as well as
concentration of the complexing agent was adjusted so as to be 0.2 M, in
measurement of zeta potential to prepare a solution. In the case of adding a
10  copper ion, an aqueous solution of copper sulfate (CuSO,) was used, and
concéntration of copper sulfate (CuSO,) was also adjusted so as to be 0.2 M, in
measuremeht of zeta potential. It should be noted that pH has surely adjusted
before the measurement, so as to be pH of 9 using tetramethylammonium
hydroxide (TMAH) (measurement instrument. Zetasizer pV, manufactured by
15  Sysmex Corp.). Result thereof is shown in Table 5. It should be noted that the

one having compositions in the bold frame in the Table correspond to the one

29



5[ 0069]
.5,

wiring of the present

As is clear fromresults of Exanpl e 4 and Conparati ve .Exanpl e

in the case where the cleaning agent for a substrate having a copper
invention is used for cleaning of the sem conductor

substrate having the copper wiring coated with a Cu (11)-QCA conmpl ex forned

by dival ent copper and 10 quinaldic acid or a derivative thereof,

been clarified that
any one kind of N, N-bis(2-hydroxyethyl)glycine (Bicine) and
N[ tri s hyghtaningahd BhintPadiod lepradenhey t(yTthb@enéam R [1]) feievEam B fiel dS

represented by the.general

That is,
_surface,
t he coppe

e

Conpar at | gEdIF&?
an

glycine or

is 15
XRerM&y
e

I ne

gener g f[00688] a [ 1]
conpl ex formed on the copper wiring surface cannot be 20 renoved by these

it

cessar

tal Exaraple, 1 AR
in the Tgﬁé nliéea?@

t correspondln
rel evant to the present

o

formula [1]

is desirable to use an am no acid including at

riot ?éﬂfé

rel"evant to the present
tkaning egenbfar eareutestiakes h@ving 1al ¢eﬁ@§AVﬂmng)béme)prdsbet mo@ptesn W ring
to dj ssol ve the

81 CPRESRANGIdo

it has
| east

I nventian.
QCA compl ex forned on
QE@WﬁEﬁﬁ%W$ﬂe and

in the case of using

g

dﬁgg t hat,
€ am no acids represented by t he

invention, the Cu (I1)-

cl eani ng , due to being nearly inpossible to dissolve the Cu (I11)-QCA
~conpl ex apd fTee QCA] Trrespectiveof presgnce or absence of the addition
of hydroxyl am ne. Onjth&OdiEer handiO:itfu has been clarified that these
cl eani ng FOCR SR C { removing the Cu (11)-QCA conpl ex
formed onftt . W Ty S Ut conpl ete dissolution of the Cu
(') -QCA ,uﬁﬁﬁgzﬁﬂiL ||ccji“ ; dition of hydroxyl am ne, when
Bi ci ne 50 e T3 uset 66 s clear fromresults of Exanple
5 and Conpren ST Prevpet—t=t ¥ arified that a mxture of either
of Bicine anumﬁhkbln, wi--i—othef—amAg—aerds is superior in dissolution and
r enoval C‘“ab%.,gy'c— the—e—(+H)—cA—eempl ex and 10 free QCA, as conpared
with gl ut pre2eetd—alere—or—sa cosi-A8alohe. In addition, it has been
clarifiedhi¥e¥RS chceof mixihg—either—ol Bicine and Tricine with other
am no aci He—SB4ti-vht-ent—or—superi-oi2in—e| uti on and renoval capability of
the Cu (I B Cf??%bhﬂ ex—and—freb QCA2as conpared with Bicine al one or
Tricine a onﬂyaﬁﬁ adjusting weight rafio thereof. Fromthis fact, it has
al so beenlclMethielneg 115 desirable ta%fse af |east either of Bicine and
Tri ci ne, OtRe ahlino dcids tepresénted{by the general fornula [1]
rel evant fo thBSpresent j®%entipn ad3a component of the cleaning agent, in
di ssol uti pn aB#{™femmyal of  the O (1i%#- QCAjconpl ex and free QCA. [0071]
20Exanpl ek _&iperisicacian Conprarat i e Exdfple J: Dissol uti on experiment over
time of alCuAmMpya qul nal dité acif conpBex (Lu (11)-QCA conplex) and free
qui nal di c| aktheholkOEA) BY adding 485pL of a 0.1 M aqueous sol ution of
copper sul fTadteenél@i®ON) | n#6 200] pL oft5pol i $hing slurry contai ni ng qui nal dic
acid ( andEbpdt aski um 425 hydroxide, ang then stirring, an aqueous
solution puspetded W th a-Cu (1])-QCA3conplex and free QCA was prepared.
Next, by gddiseiegpcieach| 1000pL of the sabution, which is 30 tinmes dilution of
each cl eahi ngTagent pavi ngsconppsitiem ratio shown in Table 8, to the above
suspensi op | icgdai, t| ne ceurse pf tupbidity degree of the solution from
j ust aft efsatdype:dichatittyigigemewas confirmed visudlly. Result thereof is shown in
Tabl e 8. [T6@®2Y-[tris(hydroxymethyl)methyllglycine
Tris: 2-amino-2-hydroxymethyl-1,3-propanediol
Bis-Tris: bis(2-
HEDPQ: 1-hydroxyethyiidene-1,1-diphosphonic acid
TMAH: tetramethylammonium hydroxide

[0064]

10

As is clear from results of Examples 1 to 3, and Experimental Example 1 and

Comparative Examples 1 to 4, only the cleaning agent for a substrate having a

copper wiring of the present invention, that is, the cleaning -agent for a substrate
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[ Table 8] Exanple 6 Exanple 7 Exanple 8 Conparative Exanple 7 Conpexing
agent (Amno acid) Bicine 2.1%Bicine 0.7%Bicine 2.8% Jutamc acid 3%

GQutamic acid 1.27% Jutamc acid 0.3% @ utam c acid 0.3% Reduci ng agent
Di et hyl hydr oxyl am ne . 12% '

having a copper wiring of the present invention which selected the specified
amino acids represented by the general formula [1] relevant to the present
~ invention as a complexing agent, and aIkthydroxyIamine‘a.s. a reducing agent,
has been clarified to be capable of effectively dissolving and removing copper
5 oxide (ll), yvithout dissolving metal copper, while suppressing corrosion to the
copper wiring. That is, from the reéult of Example 1, it has been clarified that the
cleaning agent for a substrate having a copper wiring of the present invention
does not corrode the copper wiring,' as well as from the result of Example 2,
elution of copper from the copper plate is suppressed. Still more, from the result
10 of EXample 3, it has been clarified that the cleaning agent for a substrate having a
copper wiring of the present invention is'capable 6f effectively dissolving and
removing copper oxide ().  Stili more, from the result of Experimental Example 1,
it has been clarified that use of the amino acids represehted by the general
formula [1] relevant to the present invention shows minus zeta potential of SiO»,
15 therefore, provides the cleaning agent, which is capable of effectively removing
abrasive grain (polishing agent) from the substrate, is obtained without adhering
the abrasive grain (polishing agent) such as silica onto the substrate.
[0065]
Example 4 and Comparative Example 5: Dissolution experiment of a Cu
20 (I-quinaidic acid complex (Cu (II)-QCA complex) and free quinaldic acid (QCA)
| By adding 200 pL of a 0.1 M aqueous éolutidn of copper sulfate (CuSO,) into
1000 pL of polishing slurry containing quinaldic acid (QCA) and .potassium
hydroxide, and then stirring, an aqueous solution suspended with a Cu (I1)-QCA
complex and free QCA was prepared. Next, by adding each of 400 pL of 0.2 M
25 solutions of various kinds of amino acids shown in Table 6, whose pH were
adjusted at 9.7 using 1000 pL of ultra pure water and tetramethylammonium
hydroxide (TMAH) to the above suspension liquid, turbidity degree of the solution
after the addition was confirmed visually. After that, 50 uL of an 85% aqueous

solution of diethylhydroxylamine was added to each of the solutions to visually
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Diet hyl hydr oxyl am ne 12% Di et hyl hydr oxyl am ne 12% Di et hyl hydr oxyl am ne 12%
Al kali conponent TMAH 2. 3% nono- | sopr opanol am ne 6% nono-| sopr opanol am ne
3% TMAH 2.3% FlI 9.7 10 9.8 9.9

confirm turbidity degree of the solution after two minutes. Result thereof is
shown in Table 6. It should be noted that compositions in the bold frame in the

Table correspond to Example 4, and others correspond to Comparative Example

5.
5 [0066]
[Table 6]
After DEHA addition J Before DEHA addition
Bicine © O
Tricine © O
Amino acid Glycine X x
Alanine x x
Glutamic acid O A
©: clear O:alittle clear A: alittie turbid x: turbid
Bicine: N,N-bis(2-hydroxyethyl)glycine
Tricine: N-[tris(hydroxymethyl)methyllglycine
DEHA: diethylhydroxylamine
[0067]

Example 5 and Comparative Example 6: Dissolution experiment of a Cu

10  (I-quinaldic acid complex (Cu (I1)-QCA complex) and free quinaldic acid (QCA)
By adding 200 pL of a 0.1 M aqueous solution of copper sulfate (CuSQy) into
1000 uL of polishing slurry containing quinaldic acid (QCA) and potassium
hydroxide, and then stirring, an aqueous solution suspended with a Cu (il)-QCA
complex and free QCA was prepared. Next, 400 uL of a 0.2 M solution of (A)
15 N,N-bis(2-hydroxyethyl)glycine (Bicine) alone, or glutamic acid alone, or mixture
with these two kinds of amino acids in an arbitrary ratio, or 400 pL of a 0.2 M
solution of (B) N,N-bis(2-hydroxyethyl)glycine (Bicine) alone, or N-methyiglycine
(sarcosine) alone, or mixture with these two kinds of amino acids in an arbitrary
ratio, whose pH was adjusted at 9.7 by adding 1000 L of ultra pure water and
20 potassium hydroxide, was each added to the above suspension liquid, and
turbidity degree of the solution after the addition was confirmed \iisually. Result
thereof is shown in Table 7. It should be noted that composition ratio and visual

observation result in the bold frame in the Table correspond to Example 5, and
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Turbidity degreé after 20 sec. X Turbidity degree after 60 sec.
Turbidity degree after 120 sec. 0 0 0 6. 0: clear0: a little clearL: a
little turbidx: turbid Bicine: N, Nbis(2-hydroxyethyl)glycine

10 -

15

20

others correspond to Comparative Example 6.

[0068]
[Table 7]
) Mixing ratio of amino acid (A)
Amino Bicine 10 8 6 4 2
acid Glutamic acid . 0 2 4 6 8 10
Tubidity degree of solution © G © © © O
©: clear Q:alittle clear A:alittle turbid x: turbid
Bicine: N,N-bis(2-hydroxyethyl)glycine
mixing ratio of amino acid (B)
Amino Bicine 10 8 6 4 2 0
acid Sarcosine 0 2 4 6 8 10
Tubidity degree of solution e) . © © . © © O
©: clear O:alittle clear A:a little turbid x: turbid
Bicine: N,N-bis(2-hydroxyethyi)glycine
sarcosine: N-methyiglycine
[0069]

As is clear from results of Example 4 and Comparative Example 5, in the

case where the cleaning agent for a substrate ‘having a copper wiring of the

present invention is used for cleaning of the semiconductor substrate having the
copper wiring coated with a Cu (Il)-QCA complex formed by divalent copper and
quinaldic acid or a derivative thereof, it has been clarified that it is desirable to use
an amino acid including at least any one kind of N,N-bis(2-hydroxyethyl)glycine
(Bicine) and N-{tris(hydroxymethyl)methyl]glycine (Tricine) among the amino acids
represented by the general formula [1] relevant to the present invention. That is,
in order to remove the Cu (-QCA complex on the copper wiring surface, it is
necessary to dissolve the Cu (Il)-QCA complex formed on the copper wiring
surface, however, from the results of Example 4 and Comparative Example 5, it
has been clarified that, in the case of using glycine or alanine not corresponding to
the amino acids represented by the general formula [1] relevant to the present
inventidn, the Cd (I1)-QCA complex formed on the copper wiring surfébe cannot be
femoved by these cleaning agents, due to being nearly impossible to dissolve fhe

Cu (I)-QCA complex and free QCA, irrespective of presence or absence of the
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TMAH: tetranet hyl hydroxylamine 5 [0073] Exanples 9 to 11; I nmmersion
experiment using the cleaning agent for a substrate having a copper wiring
A waf er was purchased, which was obtai ned by polishing 8 i nch SEMATECH 845
(copper wiring, with a barrier netal: TaN, and an oxidized film TEGCS; 10
manuf actured by SEMATECH Co., Ltd.) using polishing slurry containing
benzotri azole (BTA), and then washing with pure water. The wafer was rinsed
wi th nethanol (MeOH), and after that inmersed into an isopropanol (I PA)

sol ution éd?{itio:ﬁo?]fzﬁﬁg r mif@d Shitht JrchdnidN%GfhsVbddn &Hr{i)ﬂ’ef%h?fhe%@r 10

seconds. Next t after rinse was rmersed 1n a 0.1 M aqueous

. sol uti on cléandngd @hentsuark ucapablec ofl efféctively @thovingothesCu r(lIRQEM vorhplekl ow ng

pure water and washed with .i._sopr%panol (1 PA se(iuent ially in this order,
and then f@rmed of the RPRREHJUANG Rirfag dyg e Complete Hissolitian; of the, QUi nal dic

var ogen WEERA Gmb8 ahd e o el e gHFordy SraHd B SR R0E £ T G

t he sy f agEeTiRineti®assppper wiring, and after that it was rinsed with 20 pure
wat er using a single wafer processing-type cleaning nachine (a
mul ti-spil@éP], manufactured by Kaijo Corp.) and spin dried. Next the

rel evant  substiae was cut, 0,2 Sl ohl e, Sl AR0N Al & Frel O De
been clarified that a mixture of either of Bicine and Tricine with other amino acids
is superior in dissolution and removal capability of the Cu (11)-QCA complex and

10  free QCA, as compared with glutamic acid alone, or sarcosine alone.  In addition,
it has been clarified that the case of mixing either of Bicine and Tricine with other
amino acids is equivalent or superior in elution and removal capability of the Cu
(Il)-QCA complex and free QCA, as compared with Bicine alone or Tricine alone,
by adjuéting weight ratio thereof. From this fact, it has also been clarified

15 desirable to use at least either of Bicine and Tricine, among the amino acids
represented by the general formula [1] relevant to the present invention, as a
component of the cleaning agent, in dissolution and removal of the Cu (I1)-QCA
complex and free QCA.

[0071]

20 Examples 6 to 8 and Comparative Example 7. Dissolution experiment over
time of a Cu (ll)-quinaldic acid complex (Cu (I1)-QCA complex) and free quinaidic
acid (QCA) _

By adding 40 pL of a 0.1 M aqueous solution of copper sulféte (CuSOy) into
200 pL of polishing slurry containing quinaldic acid (QCA) and potassium

25 hydroxide, and then'stirring, an aqueous solution suspended with a Cu (II)-QCA
complex and free QCA was prepared. Next, by adding each 1000uL of the
solution, which is 30 times dilution of each cleaning lagent having composition
ratio shown in Table 8, to the above suspension liquid, time course of turbidity

degree of the solution from just after the addition was confirmed visually. Result
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[ 0074] Each 15 nL of 30 tines dil ut'ed aqueous solution (a cleaning agent')
of each 5 cl eaning agent having conposition ratio shown in Table 9, was

prepar ed.

Next ,

into the rel evant aqueous solution (the cleaning agent),

the eval uation substrate was put and i mersed for predeterm ned period of

time under stirring. After that,
fromthe agqueous solution (the cl eaning agent),
dried with nitrogen gas,

wat er for

1

m nut e,

the eval uati on substrate was taken out
rinsed with flow ng pure
and 10 then stored for

1 day

in a cl eafefdf R Powd |qu'gﬂ)|glgty of 50% and a tenperature of 23C, and
corrosion degree at the copper wiring surface was observed using a field

em ssi on- [oppz] scanni ng el ectron microscope (FE-SEM (S-4800, nanufactured .

In

nuf act ured by Kr at os

ed to
Exanpl e 11
A utanm c

by Hitachi h- Technol ogies, Ltd.). Result thereof is shown in Table 9.
addi ti on, ﬂ'abet e same time, the copper wiring surface was measured 15 usi ng
an X-ray Phot oel ectron Spectroscopy (XPS) (AXIS-His;
Co., Ltd.) _to confir@ereest the mﬁ'w&@e&' £ | SRBRAENERATAS %
o Bisine 2.1 N7 k1 Bieng G.7% 01 Ricine 28,
ggpper. OXIca(rgfntngi I'Gt‘a"n‘(ic'acic!-lf"?% _\J Glhtamxcaq;@}%‘l L. Glhgm%'éﬁgoj%,d _\.E)ﬁl.ama?i 3%,‘0,
pexi “9—39?1‘1‘1_(74_ '[saawhya-axg T ielniyarotyiarid® P! Cretn)Fydrorviamind Pbitthyidrofytarné0
aci d 1. 2798 ta2&Mi|[c aci 0. 304 12% 12% 12%
- i - lami
Alkali component TZI\./I;;: mono: Isoprec;:anolamme mono: Isopr;;:anoamme T;_A;:/l:
pH 9.7 10 9.8 9.9
Turbidity degree
after 20 sec. & © © )
Turbidity degree
after 60 sec. ° © © )
Turbidity degree
after 120 sec. © ©- © &
©: clear O:alittle clear A: a little turbid x: turbid
Bicine: N,N-bis{2-hydroxyethyl)glycine
TMAH: tetramethylhydroxylamine

10

15

20

[0073] _

Exampies 9 to 11; Immersion experiment 'using the cleaning agent for a
substrate having a copper wiring |

A wafer was purchased, which was obtained by polishing 8 inch SEMATECH
845 (copper wiring, with a.barrier metal: TaN, and an oxidized film: TEOS;
manufactured by SEMATECH Co., Ltd.) using polishing slurry containing
benzotriazole (BTA), and then washing with pure water. The wafer was rinsed
with methanol (MeOH), and after that immersed into an isopropanol (IPA) solution
for 30 seconds, and still nﬁore rinsed with pure water for 10 seconds. Next the
wafer after rinse was immersed ina 0.1 M aqueous.solution of dilute sulfuric acid
for 30 seconds, rinsed with flowing pure water and washed with isopropanol (IPA)
sequentially in this order, and then dried with nitrogen gas. The wafer was
immersed in 1% quinaldic acid (QCA) containing slurry, which includes a 0.07%
aqueous solution of hydrogen peroxide, for 30 seconds, to form a Cu (II)-QCA
coating film on the surface of the-copper wiring, and after that it was rinsed with
pﬁre water using a single wafer processing-type cleaning machine (a

muilti-spinner, manufactured by Kaijo Corp.) and spin dried. Next the relevant
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G-utanic acid 0.3% Reduci ng agent Di et hyl hydroxyl ani ne 12%

~ Di et hyl hydroxyl am ne 12% Di et hyl hydr oxyl am ne 12% Al kal i
2. 3% nmono- i sopr opanol am ne 6% nono-i sopropanol am ne 3% pH 9.7 10 9.8

| mrer si on for

corrponént TMVAH

10

15

20

[0074]

" Table 9.

substrate was cut to a small piece of about 2 cm x 2 cm to be used as an

evaluation substrate.

Each 15 mL of 30 times diluted aqueous solution (a cleaning agént) of each
cleaning agent having composition ratio shown in Table 9, was prepared. Next,
into the relevant aqueous solution (the cleaning agent), the evaluation substrate
was put and immersed for predetermined period of time under sﬁrring. After that,
the evaluation substrate was taken out from the aqueous solution (the cleaning
agent), rinsed with flowing pure water for 1 minute, dried with nitrogen gas, and
then stored for 1 day in a clean room of a humidity of 50% and a temperature of
23°C, and corrosion degree at the copper wiring surface was observed using a
field émission-type scanning electron microscope (FE-SEM) (S-4800,
mahufactured by Hitachi High-Technologies, Ltd.). Result thereof is shown in
In addition, at the same time, the copper wiring surface was measured
using an X-ray Photoelectron Spectroscopy (XPS) (AXIS-His, manufactured by
Kratos Co., Ltd.), to confirm that the copper wiring surface was converted to
copper oxide (1) (Cuz0).

[0075]

[Table 9]

Example 9

Exampile 10

Example 11

Compexing agent
{Amino acid)

Bicine 2.1%

Bicine 0.7%

Bicine 2.8%

Glutamic acid 1.27%

Glutamic acid 0.3%

Glutamic acid 0.3%

Reducing agent

Diethylhydroxylamine
12%

Diethylhydroxylamine
12%

Diethylhydroxylamine
12%

Alkali component

TMAH
2.3%

mono-isopropanclamine
6%

mono-isopropanolamine
3%

pH

S.7

10

9.8

Immersion for
1 minute

©

©

©

Immersion for
3 minutes

©

©

©

tmmersion for
5 minutes

@

©

©

©: no corrosion  A: alittie corrosion  x: presence of corrosion

Bicine: N,N-bis{2-hydroxyethyl)glycine

TMAH: tetramethylhydroxylamine

[0076]
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1 minute (c) (c) (c) Imersion for 3 mnutes @(c) (c) Imersion for 5
mnutes (0) (c) (c) @ no corrosionA: a little corrosionx: presence of
corrosion Bicine: N, N bis(2-hydroxyethyl)glycine TMAH: :
tetramet hyl hydr oxyl am ne [0076]

As is clear from results of Examples 6 to 11 and Comparative Example 7, in
the case where the cleaning agent for a substrate having a copper wiring of the
present invention is used for cleaning of the semiconductor s.ubstrate having the
copper wiring coated with a Cu (Il)-QCA complex formed by -divalent Copper and

S quinaldic acid or a derivative thereof, it has been clarified that an alkanol amine
such as monoisopropanol amine can dissolve and remove the Cu (II)-QCA
complex in shorter period as compared with an alkylammonium salt such as
tetramethylammonium. hydfoxide-(TMAH), as a base to adjust pH to an alkaline
state. That is, it has been clarified that an alkanol amine, which is an organic

10  solvent-type basic substance, is more preferable as compared with an
alkylammonium salt, which is a water soluble basic substance,' to effectively
.dissolve and remove quinaldic acid, which is an acidic organic substance. From
‘these results, it has been clarified that the cleaning agent for a substrate having a
copper wiring of the present invention added with an alkanol amine as a base is
15 capable of treating a plurality of the semiconductor substrates having the Cu
(N-QCA coating film at the copper wiring surface, in shorter period, without giving
adverse influence on the copper wiring.
[0077]
As 'is clear from the above results, it has been clarified that the cleaning agent
20 for a substrate having a copper wiring of the present invention is' a superior
cleaning agent which is capable of effectively removing impurities such as copper
hydroxide (ll), copper oxide (ll) and the like, generated at the chemical mechanical
polishing (CMP) process, and abrasive grain (polishing agent) such as silica used
in the CMP process, without giving adverse influence on the copper wiring. In
25 addition, it has been clarified that the cleaning égent for a substrate having a
copper wiring of the present invention is a suitable cleaning agent for cleaning the
semiconductor substrate having the copper wiring or copper alloy wiring formed
with such a metal corrosion inhibition ﬁlmllayer, because of being capable of

removing a coating film (the metél corrosion inhibition film layer) of divalent copper
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As is'clear fromresults of Exanples 6 to 11 and Conparative Exanple 7, in
‘the case where the cleaning agent for a substrate having a copper wring of
the present invention is used for cleaning of the sem conductor substrate
havi ng the copper wiring coated with a Cu (11)-QCA conplex fornmed by

di val ent copper and 5 quinaldic acid or a derivative thereof, it has been
clarified that an al kanol am ne such as nonoi sopropanol am ne can di ssol ve
and renmove the Cu (I1)-QCA conplex in shorter period as conpared with an

al kyl anmopj S .3s. t et.ran i MMARYAL 0 T as a base
to adj ust%ciilfnteo'ﬂé{r?l éﬁ%'ﬁghﬁtgﬁ g.ﬁ Eﬁ}%g?ﬁ@f? ﬂ (ng:féé%%@ﬁ%gﬁa\pﬁ@l 'g%t that an

al kanol agiving, advBisehinflderte 61 #aNcsatihg MM {8 imdtaiPorRRPnCinhibRPhafkRe, 1S nore
preferable as conpared with an al kyl ammonium salt, which is a water sol uble

basi ¢ sublayemsé menpvelent coppasl anddthesmietat camdsior imhikitagusuthl as thea€ud, whi ch
is an aci&j_%&%r ni g.substance. Fromthese results, it has been clarified
that the Fﬂ%’"& WAt for a substrate having a copper wiring of the
presery invention added with an al kanol ami ne as a base is 15 capabl e of
treating a plurality of the sem conductor substrates having the Cu (I1)-QCA
coating filmat the copper INDUSTRIALAPRLECABILIFYIort er period, w thout

gi ving adverse influence on the copper wiring. [0077] As is clear fromthe
above resl®¥8 it has been clarified that the cleani ng agent 20 for a

substrat e hayj p L h ese Lpvent i i.S_a_suyperior
cl eani ng agexbg%ﬁ:ﬁ 8&& é)&éc“é\g%bf’gsq’é’ {raet%,f @ac\}t?'l{%glé;;%PSﬁﬂl@rfnﬁgg?WSu?ﬁe??és such as
copper hyiduentione if lthe . oo AaEh Oedrd®e( ubed 2l th@eclkaliRg ST R eheat t he
chem cal mechani cal polishing (CWP) process, and abrasive grain (polishing

agent 10 sugemigendyictarsubsitatel hawing lise GNPRep wiringses, coppethalloy wiiing, affeatiieer se

i nfluence_on .the ¢ er . W ring. 5 additjo it has been c i fied that
the cl gan?'?%“'& éﬁf%}cagpglﬁpgg‘?gr Q'@Pﬁamcﬁas’athegﬁpé}e e\!??ri“ﬂ% agpn{ A% Tpr esent

| nvent | onclet Sihd Abirfofareant el 'adefl STEAR! 39 thBCsefigbAARIC! OF
substrate having the copper wring opper allToy wring tormed with such
a netal csubstrateohmavinghthei ¢opper Wiring drastepper btwawiimgabrihed with thp afetsl of
renmoving a coating film (the nmetal corrosion inhibition filmlayer) of

di val ent eQasian inkikigion flen layerat the suidagedhereshi bit or, such as the Cu (I11)-QCA
coat i f['r ] whil e not giving adverse influence on the coating film(the
nmetal corrosion inhibition filmlayer) of nonoval ent copper and the netal
cor 1 osi on i nithhiefiod foreBarig bieniRbnklioPIAbER halind 4 bibpe? Witk TR AL
APPLI CABI LI TY [0078] The cl eaning agent for a substrate having a copper
wi ring of therrrepend Jeventiom s ani effectiee meghash for widaning: ef theesamiedndistarhe

cl eaning agent fqr the 10 semi conduct or substrate having . the copper wring
or *Coppar SRHTl St ARG NRR e FRPRER B SHBERLAI) TN AT, CVP)
process, tid e Hdl‘ﬂi; - , i , the
cl eani ng %%Ee%nt? ¢ ?Hﬁng%f gﬂe%grgh'te ﬁle&ggmhgg(n uc)t %rdc%satnrag? ’emﬁg%ﬁ'%gr?ﬁe copper
wi i rgp or suilapleemethiot cfgr wleahing df atheredmidonduitbe susstrlte Gavingthe@oppdti bi ti on
filmlayer at the surface thereof. 15[ 0079] The met hod for cleaning a
sem conduWirBg o gerrer alley Wisipg fgrmedowigpbe mgtal sagrosfontineibifer Slenlayematent i on i s
an effectj for cleaning of the sem conductor substrate etc.

provi ded %gfsﬁﬁgégfﬁgaeﬁg'er wiring or copper alloy wiring, for exanple, after
t he chem cal nmechanical polishing (CW) process, and is, in particular, a
20 suitable method for cleaning of the sem conductor substrate having the
.copper wiring or copper alloy wiring formed with the nmetal corrosion
inhibition filmlayer at the surface thereof. WHAT IS CLAIMED I S:
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1.- A cleaning agent for a substrate having a copper wring consisting of an
aqueous solution conprising [I] an am no acid represented by the foll ow ng
general formula [1], and [I1] an al kyl hydroxylamne; R2 N,COCH T RL
(wherein Rl represents a hydrogen atom a carboxynethyl group or a
carboxyet hyl group; and R2 and R3 each independently represents a hydrogen
atom or an al kyl group having 1 to 4 carbon atons, which may have a

hydr oxyl group, provided that those where RL to R3 are all hydrogen atons

are excl ugaehd s égﬁmEmg. cl eani ng agent according to claim1l, wherein-the
_copper wiring I's the one coated with a Cu (1)-benzotriazole conplex forned

by nonovaf end clsanirey agest foe ez subistatdhaving & ceppervwiring econBiglie®fof an 3. The
cl eani ng agent according to claiml, wherein the copcger wiring is the one

coat ed wi aguepususqiytion. gompesing dil .an @mieerAcisk repieseniedpydtheafallawingopper and
15qui nal di.c_acji d or derjyativ hereagf .. 4. The cl eani ng agent according
to cl ai ma?"%'é‘?’éﬁ“ﬂa_mea%@'ii"ﬂ a@glthy 0&3 B¥fe after chemical mechani cal
polishing (CNP). 5. The cleaning agent according to claim2, wherein the
cl eaning agent is for renoving at |east either of copper hydroxide (11) and
copper oxideNI$OOrD 6. [He cl eani ng agent according to claim3, wherein

t he cl eaninhg gggnt is for renmoving a copper (l1)-quinaldic acid conplex,
and atd| east ef’ther of copper hydroxide (11) and copper oxide (I1). 7. The

cl eanin aesordi =Y ei a s..sqlution is
Cnoa an RAERin 2RO TPt & MidRen WERTLE BilbBlyrhdly AR S 1Y
wher ei n pthrbbxyekteyl FooLgn umdsRY bahd I éathi indepenaestly fprédsénts 4.hydirogBne cl eani ng

agent according to claim1, wherein the aqueous solution is a solution
further ca@prPsamglkyl gnopp diaviagi hie 4cathen Bi Whick anay, hawe a tydroxyleani ng
agent according t. aim 1, ereiyn Lhe aqgueous solution is.a,salution
further c8ifEP; @PK@% h\ﬂt rtp}fsﬁ %Ei & Fc a%‘?c?qﬁ?ydi°%"| qtﬁwer%gf‘a‘,’deéﬁphosphpri c
aci d, 1@r z.nyTﬁ@&|E§niﬁ§ hEhteAEChIdRE thREHR 1, Whéreid e edpsanwraﬂ%wm_tor@ccor di ng
to claim9, wherein The aqueous “solution is a solution consisting of only
the [1], €odtéd withla Cua(ipbeweotniazolel@mglbe fereshby gnarngeakenticoppetiangl t o cl ai m
10, Wner%n t he aqueous solution is a solution consisting of only the [I],

[11], [1VPengoliagaesra erivative thereof.

3. The cleaning agent according to claim 1, wherein the copper wiring is the one
coated with a Cu (ll}-quinaldic acid complex formed by divalent 'copper and

15 quinaldic acid or a derivative thereof.

. 4. The cleaning agent according to claim 1, wherein the substrate is the one
after chemical mechanical polishing (CMP).

_5. The cleaning agent according to claim 2, wherein the cleaning agent is for
removing at leaét either of copper hydroxide (I1) and copper oxide (ll).

20 6. The cleaning agent according to claim 3, wherein the cleaning agent is for
removing a copper (ll}-quinaldic acid complex, and at least either of copper
hydroxide (I1) and copper oxide (1l). |
.7. The cleaning agent according to claim 1, wherein pH of the aqueous solution.
is in a range of 9 to 11.

25 8. The cleaning agent according to claim 1, wherein pH of the aqueous solution is
inarange of 4to 7.

9. The cleaning agent according to claim 1, wherein the aqueous solution is a
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13. THe cl eaning agent according to claim9, wherein % by weight of [I] the
10 amno acid represented by the general formula [1], is 0.001 to 6% by

wei ght, % by weight of the [I1] alkylhydroxylamine is 0.001 to 20% by

wei ght, and % by weight of the [I11] anine or ammoniumsalt is 0.002 to 10%
by weight. 14. The cleaning agent according to claim 10, wherein % by

wei ght of [I] the amno acid represented by the general formula [1], is
0.001 to 3% by weight, %by 15 weight of the [II1] al kyl hydroxylam ne is

0. i d o%q.b i gh f the [ hyd hl ori id,
0,901 10 LBy o A, JRAALY st bbb o oo €712 208
to 10% by 1oei ghé cleéﬁiﬁgtdg%n?%?din d tlHfn HSYvhgtpeirPﬂl% b S%‘g{riléz.hogr%zol e or

(1)-benzotriazol e conpl ex fornmed by nonoval ent -coppe ~and _

a deri vat solgtieméurthef comptising TiVg achyelaschtayicaapithta auifuic dicitty a phasphbiia 2,
wherei n [ g the am no acid represented by the general fornula [1] is the
one repr 88 ¥R SaltA selegleddioniiieseneral formula [2] or the fol | ow ng

. B! = N : in R2 23" h
Prdependentl y e peaninfEoelPaco ik bt o whalehl fie oeeudPauBn s ng 1 10 4

carbon at satatiomboresistingof baly ¢heaInfITMX shd Qaaip, provi ded that those where
R2' and R3. are all hydrogen atons are excluded.), H2ZNyOOOH 3] Ry (wherein
Rt represdft sThe elapnipg paentaocoriingute aaimal & awhietsiy enaduegus splujion 5@  The

i . di | & wh [ ] th ' acid represented
byt he geRarion PRy bt @ dna S8EMAe 1 om N met ny gl yel ne
N, N-bi s(24By AT eRiaRig) Sder ideBordhtyl for a‘;@mww&m%yﬂd) WRlghY ot gl e ne.
aspar%}éc 5aci d q%]d ggjt aem'é_: 1;’;:Ci d. n]z;;)f The (1:I ganleggma&;néyys;;; i ngr;f) claim

[ i reprege - &p0. ,

gbrmrrﬂl ael[ ?mmrvea ;&p n nﬁec% e%:t go?é??_ommui[irs?g hydr oxyet h II)gI.%e and
N-[tris( hv%f%‘%’trﬁg? Hﬁ@ﬁW@Wﬁgﬂx}"@% i§®.001 to 20%gby wRight |2Be b ggW@@mpf accor di ng
to claimge Mﬁ%ﬁﬁrilé‘orltﬁﬁmbhfu}n 9%@%'_0%&8%@9&}%9%9' s the one represented by

the followm ng general tormula
14. The cleaning agent according to claim 10, wherein % by weight of [I] the

amino acid represented by the general formula [1], is 0.001 to 3% by weight, % by

15 weight of the [ll] alkylhydroxylamine is 0.001 to 10% by weight, and % by weight of
the [IV] hydrochloric acid, sulfuric acid, phosphoric acid, or any salts selected from
these is 0.002 to 10% by weight, and the copper wiring is the one coated with a
Cu (l)-benzotriazole complex formed by monovalent copper and benzotriazole or
a derivative thereof. _

20. 15. The cleaning agent according to claim 2, wherein [I] the amino acid
represented by the general formula [1] is the one represented by the following

general formula [2] or the following general formula [3];
R? |
R3,,r11vCOOH [2]
(wherein R¥ and R each independently represents a hydrogen atom or an alkyl
25 group having 1 to 4 carbon atoms, which may have a hydroxyl group, provided -
that those where R? and R¥ are all hydrogen atoms are excluded.),
H,N_ _COOH [3]

e

R"
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N-CH 4] RS (wherein R4 represents an alkyl group having 1 to 6 carbon
atons, and R5 represents a hydrogen atomor an alkyl group having 1 to 6
carbon atons.). 19. The cleaning agent according to claim1, wherein the
[11] alkyl hydroxyl am ne 15is the one selected from N-et hyl hydroxyl am ne,

N, N-di et hyl hydroxyl am ne and N-n-propyl hydroxyl anm.ne. 20. The cl eani ng
agent according to claim9, wherein the [IIl] am ne or anmoni um salt is the
one sel ected from nonoet hanol am ne, diethanol am ne, triethanol am ne,

ot AR Abresk e SO R NIR A0 B R0 0% e 21
nmet hod fonecl dasi tigaring eigenP de6idg B/ R¥dimabe mnfévéiﬁg[tl]atrféoeﬁﬁ’ﬁo Weid N9,

characterized by using the cleaning agent according to claim1l. 22. The
net hod actapregented by teagenepal formnda éllns theeoneessleted fromoN-rsetbgglyeihe, havi ng a

copper w ing.i.s . the one treated wth an agueous sol uti gn contai ni ng
25ﬁgnzotrf‘a[‘i%fséf'!}}’dfa"%“gw'l? NP tNEF3(BYdroy .et%lﬁ'zmﬁ@‘b’hjﬂ%c'%co?%aﬂﬁ to claim
21, wher ehfdlahe gifdthicqiict or substrate having a copper wiring is the one
treated with an aqueous sol ution containing quinaldic acid or a derivative

t her eof . 124. Theheleamibyadentcammocting td claith 3] wherkin Bhe kindrof [ éhesgiineonduct or

substrate having a copper wiring is the one after chem cal nmechani cal
pol i shi nga?'%\/Pje. resggtedTiRY fhe raaheslc Srauly [Hb ie| herepe, selaetedi fiomhe net hod

(1) 2o MR B B SR BV o e Rt e noa s ror
e " el UM eton WSRO
to clfl mizthe aperepresentrs by berfolinying geraralfomada 4], 15 10 to 30C.
R4

N—OH [4]

RS

(wherein R* represents an alkyl group having 1 to 6 carbon atoms, and R®

'represents'a hydrogen atom or an alkyl group having 1 to 6 carbon atoms.).

19, The cleaning agenf according to claim 1, wherein the [lI] alkylhydroxylamine

15 is the one selected from N-ethylhydroxylamine, N,N-diethylhydroxylamine and

N-n-propylhydroxylamine.

20. The clea'ning agent according to cIaim_ 9, wherein the [lll] amine or

ammonium salt ié the one selected from monoethanolamine, diethanolamine,

triethanolamine,  monoisopropanolamine, tris(hydroxymethyl)aminomethane,
20  2-(morpholino)ethanol, tetramethylammonium hydroxide and choline.

21. A method for cleaning a semiconductor substrate having a copper wiring,

chéract’erized by using the cleaning agent according to cléim 1.

22. The method according to claim 21, wherein the semiconductor substrate

having a copper wiring is the one treated with an aqueous solution containing
25  benzotriazole or a derivative thereof.

23. The method according to claim 21, wherein the semiconductor substrate

having a copper wiring is the one treated with an aqueous solution containing

41



10

quinaldic acid or a deriVative thereof. |

24. The method according to claim 21, wherein the semiconductor substrate
having-a copper wiring is the one after chemical mechanical polishing (CMP).

25. The method according to claim 22, wherein the method is for removing at
least either of copper hydroxide (11) and copper oxide (II).

26. The method according to claim 23, wherein the method is for removing a
copper (I)-quinaldic acid complex, and at least either of copper hydroxide (1) and
copper oxide (lI).

27. The method according to claim 21, wherein the cleaning is performed at 15
to 30°C. |
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