Title: COVPCOSI TI ON COVPRI SI NG AN OXI DI ZI NG AND COVPLEXI NG COVPOUND
Abstract: The present inventionis related to a conpositi%hJ%Eﬁﬁmﬁsing an
oxi di zi ng conpound and a conpl exing conpound with the chem cal fornula
wherein R, R2, R3 and R4 are selected fromthe group consisting of H and
any organi c wo@gosibai n. The oxidizing conpound can be ipdhgefRs of an
aqueous solution. The conplexing conpound is for conplexing neta I ons.
Metal ions can be present in the solution or in an external medi um being
contacted with the solution. The present” invention can be used for

cl eaning a sem conductor substrate. [err] [err] [err] [err] [err]

COMPOSITION COMPRISING AN OXIDIZING AND COMPLEXING

COMPOUND
. j 10 Field of the invention
— [0001] This invention is situated in the field of

products and methods for the stabilizing a composition

comprising an oxidizing compound.

15 8Btate of the art

[0002] Chemical solutions comprising an oxidizing
compound such as hydrogen peroxide are used in a wide area
of applications, for example, as bleaching agent for paper
pulp applications, dental bleaching composition or as

20 cleaning agents.
[o0o03} Chemical solutions comprising an oxidizing

compound have often problems related to the stability of

the solution. In pure form, agqueous solution are gtable
over extended pericds of time. However, the presence of
25 certain metal ions in the solution causes decomposition of
the oxidizing compound. Consequently, stabilizers to
prevent such decomposition should be added. Stabilizers
can be e.g. a complexing compound, such “that the
complexing compound will bind to the metal and
30 consequently, the metal is not available for reaction with
the oxidizing compound. Thus, the decomposition of the
oxidizing compound is substantially inhibited and the

lifetime of the solution is increased.



[err] [err] [err] [err] [err] [err] [err] [err] 21 June 2005 WO
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COVPLEXI NG COVPOUND 10 Field of the invention [000.1] This invention is
situated in the field of products and nethods for the stabilizing a

conposition w®iwsi®ei Ng an oxi di zi ng conpound. 15 State o;cﬂﬁﬁng&hg[OOOZ]
Chem cal solutions conprising an oxidizing conpound such as hydrogen
peroxi-de are used in a wide area of applications, for exanple, as

bl eachi ng agent for paper pulp applicatifons, dental bleaching conposition

or as 20 cl eant&nt% ents. [0003] Chem cal solutions conprising an
oxi di zing conpdund have of t EF prtT-ERERE ePREGH 1R Heess Bk | Peymet byhe

solution. In puseidirimg asIREYsnSOlidl Whaia1$48R! GppY St SHLNIS pggiods
of tinme. However, tfhe presence of 25, certain netal 1Tons in the solution

causes deconpostTToiPHHCtOR 2RR% idatings corprragentCohsaieebsd v, stabilizers
to prevent suchoasjonpositimn shestheh he agdfled grababt LiFPr Soxidizing

5 compound, and wore specifically hydrogen peroxide
“solutions, is given in Kirk-Othmer Encyclaopedia of
Chemical Technology (4™ edition), vol. 13 p. 965.

[0006] . US4239643 discloses an aqueous peroxide-
containing solutions used in bleaching of cellulose

10 fiber, wherein the stability of the peroxide is very
greatly increased by inclusion of alkali metal
polyphosphate and alkali metal diethylene triamine‘
penta (methylene phosphonate).

[0007] US3203244 describes a hydrogem peroxide

15 concentrate containing up to 50% hydrogen peroxide, 1 to
3% of a soluble aminoc(methyl phosphonic acid) or a salt
thereof, and 0.05 to 0.5% of phencl. The concentrate isg
ugeful in the preparation of highly acid metal pickling
baths. ,

20 [0008] Stabilizing compounds are useful for a wide
area of application, such as =oil remediation, metal etch
Ty bath, denture bleaching, bleaching of fatsg, oils, waxes,,
wastewater treatment, paper pulp bleaching, textile
bleaching, CMP applications or semiconductor applications.
25 In c¢leaning application, for example in semiconductor
application, oxidizing solutions have been invegtigated
extensively,
[0009] Since the invention of the RCA c¢leaning by
Kern et al. in 1965 (W. Kern and D.A.Pautinen, RCA Review
30 31, 187, 1970) this cleaning cycle has become the most
used er semiconductors. The conventional RCA cleaning
consists of two steps: an alkaline solution, the so called
SCL soluticon and an acidic solution, 8C2. The SC1 solution

is composed of 1 part ammonia (NH,OH), 1 part hydrogen



can be e.g. a conpl exing compound, such that the conplexing conpound wil |
bind to the metal and 30 consequently, the nmetal is not avall&Be&0dr
reaction with the oxidizing conpound. Thus, the deconposition of the
oxi di zing conpound is substantially inhibited and the lifetinme of the

solution is xwrheaeed. 21 June 2005 WO 02/ 051961 PCTBEOl/%?ﬁ#,I?0 égz[l$004l
Very stringent specifications nust be net by oxidizing s 3 or

speci al i zed applications such as sem cogductor applications or reagent

chemi cals. [00051 An overview of stabilizing oxidizing 5 conpound, and
nore specifical .dr o er ox| sgl utions, is given in_ Kirk-Q hner
Encycl opedi a oflgg)é}é%’ecg@g?@chﬂbé g%yp?%ﬁ'u WER &Hre varer135) ged 190061
US4239643 di scl obtesn arefaredu S es O X Ate-c i abNi(AgeSOhwhbans Bsedxids

bl eachi ng of c Iixluq:se 100f i, ber ¥\/nerei n the stability of the peroxide is
very greatly ifcreased by rHePaston b arad ivses: altc pdEyPEKBs phagenimd

al kali netal distdiduesebyT baniaei orpeniaeret byhenadhosboaat 8)- pk 09,
053903244 describes .a ngrggen eroxi de. 15 concentrate containing up to
50% hydr ogen” peToxidET 1P oF Sy o P24 t461 M1 e ani no( et hyl phosphoni ¢ aci d)
or a salt therpufioland 0. 0% t@aQba¥é0ss RhRN@l: JHACRACEI tALE jsratisef ul
in the preparation.of highly acid netal pickling baths. 20 [00081

St abi | i zi ng codfftitddtare oRefllisdtr sxfpges: apmrewrldppkiloningn, suwh as

soi | remediatiemd LR Heiveh bedbl nclANtY adbbeschinghol eaghing gledats,
oils, waxes,, wastewater treatnment, paper pulp b eac? g, textile
bl eachi ng, CVPSM5pEFEatlBREeRF SEnPden Dr %‘fgmh%aﬁhoﬁs’ﬁe@@aﬁn s¥mgani ng

Rave been | mvest|dara ext engiuely. L 0OSL B nilt e rAOEEn B THe KA
cleaning by KErA®8t) al Inj gdddsdoniy erpenialid FeA. Rxlit CnemreREAURAY itew
catalyze the decomposition reaction of the peroxide
(Mertens et al., .Proc. of the 5™ Internat. Symp. on
Cleaning Technology in Semiconductor Device Manufacturing
15 PV97-35 (1997)) 1leading to a decrease in the bath
lifetime. In order to remove the metallic surface
contamination, the 8¢2 solution consisting of 1 part
hydrochloric acid, 1 part hydrogen peroxide and 6 parts
ultra-pure water is used. However, it is expensive to get
20 hydrochloric acid of sufficient quality for the usage in
SC2 solution. There is also a rigk of re-contaminating the

surface with particles. Problems also occur in gpray tools

w

due the corrosive behavior of hydrochloric acid.

[C011] With the progress in semiconductor
25 manufacturing‘ the requirements concerning particle and

metal contamination as well as roughness of the silicon

surfaces became more stringent. This led to a number of

variations of the RCA clean.

[0012] The potential problems related to the SC2 and
30 the consideration to reduce process time and equipment by

leaving out this acidic step led to the development of

single-stage cleaning procedures. This can be done by

using chemicals with reduced amount of metallic

impurities. For that purpose, advanced purification



30 31, 187, 1970) this cleaning cycle has becone the nost used for

semi conductors. The conventional RCA cleaning consists of 4Wwiingt28pg:

al kaline solution, the so called SCI solution and an acidic solution, SC2.
The SC1 solution is conmposed of 1 part ammonia (NH4AOH), 1 part hydrogen 21

June 2005 WWGy924h53Q61 PCT/ BEO1/ 00219 3 per oxi de (HZOZ).agg??ﬁﬁB& ultra
n €.

pure water (H2O and is often referred to as APM cl eani nmoni a
Peroxide Mxture). Oiginally it was u gd to renove organic residues by
oxidation. Later it has been proven to be very 5 efficient to renove
particles. [0010 A .drawback of the SCI. solution is that netals
precipitate on 2AFEERSRuRFacEstaRissbefafPy aptmimiag Y4teR-PaRE YRERE have

been shown to adgobhastdmehghydesydepded e .S Widacrd VeLhess ahe@l a1 T OC.
of the 8th Internat . 10 On S|I|con Material s Sci ence and Technol ogy
Pv98-1 (1998)) .2 "aﬁ‘d§t REEIFe @ | YPRFPWEHEYOUL %r BOF oaANAYD assutad ze

t he deconp03|tmm&nreﬂﬁﬁﬁoar@fukaé QE{O%'@ﬁeaﬁ t%QEhet AioredifedC: Gfe the
5"h I nternat. eani ng Technol ogy i n Sem conductor' Devi ce

Synp.
Manuf act uri iy féePVQWQB%O%QE%ﬂB)lﬁ E88i N§TY orebuRic reidde riegpehRke bathetal
lifetine. In odatahfnderdiye rtbs m@ltealéénacaﬂaﬁeesr  SRBERELDA LR, £, SC2

sol ution conS|st|ng of 1 part hydrochloric acid, 1 part hydrogen perOX|de
and 6 parts PiER@mt er is used. However, is expensive to get 20

hydrochl oric aqmdlgj suf fi cigglt gauakity f g sglutid,on.
There is also a_risk of re- contanlnatlﬁ Pe v&ﬂg gﬁgchﬁﬁ%h pa tﬁglegl

Probl ens al so Gé&@ring spehg FQOH@mmﬂGerﬁﬁedu@lr@@t&élbehamnbamrmatlon
hydrochl oris@ agid; ; dH0d-14 r S, 0
T Sr e Aty WSS, e e QO o nat f on

manuf acturing the requirements concerni
as well as rou@ffés$oofbe hasshl i comnl Isqznref acksnbexlbee moaeisd r longerﬁhlsThl S

l ed to a nunbeg an Y éba qﬂsdg;éggg RGA CleaBuc%QQ&ZLfTﬁgﬁﬁc 3%%%5

probl ens relate to t theconsideration 1o
ti me and equi pfest gg;d a reduction of the amount of chemicals used in

the cleaning cycle.

15 [0014] BEP 528053 desgcribes a metl';od for treating a
surface of a substrate with a surface treatment
compogition. The surface treatment composition compriges
‘a liquid medium containing a complexing agent as a metal
deposition preventive. The surface treatment composition

20 is improved by incorporating at least two complexing
agents. A first complexing agent is preferably an

) aromatic hydrocarbon ring with at least an OH or O group
bonded to a carbon atom constituting . the ring. A second
complexing agent is compound having a donor atom, such as

25 heterocyclic amines. Since this cleaning composition
comprises two complexing agents, drawbacks such as higher
cost and increased waste treatment are observed.
Moreover, aromatic hydrocarbons such as Tiron, Catechol
derivatives are hazardous for the enviromment and for

30 humans.

[0015] UsS 5,290,361 and US 5,302,311 describes an
aqueous hydrogen peroxide solutiom further comprising a
complexing compound containing phosphonic acid groups and

-showing complexing ability. Cleaning solution comprising



leaving out this acidic step led to the devel opment of S|n?Ie sta e
cl eani ng procedures. This can be done by using chenicals ¥ltHNg@

anount of netallic inpurities. For that purpose, advanced purifi catl on 21
June 2005 WD 02/ 051961 PCT/ BEO1/ 00219 4 procedures are established for

obt ai ni ng ul woarRses Water, ammonia and hydrogen peroxi dg.. o , these
chem cals are very expensive and the purity is not always assure when
they are used in a cleaning bath. Mreovegr, the 5 cleaning solution is not
very robust with respect to rret aI contam nation fromthe sem conduct or
substrate and from .the har %80131 Besi des this, having an extra step
in the cleani Ny SRR a} V%OL} i Rl PRbt STERCTEVRL AR EANIHTE0 9l i es

extra hardwar e, swpiresaifg2- ARNKE@Ad Bhé i NS dta8ke . NEBE-dArhe USBHanalg nore
will results in a reduction of the

chem cal s. Leav%#go Qtélt;L this ext ra ste )

har dware cost SIELe8,cPF oS of1%th e PERBUNTEERF RN GRS UBRkes n thee
cl eani ng cycl e. cﬂéadlﬁgléélﬁﬁcﬁ@@é%sd@@ﬁféﬂl%s a method for treating a
surface of su,gCI te with a surface treatnment conposition. The surface
t r eat ment cgﬁwp 0[]16 n conpriFes FBg | RFFEETRediliveEbHPRI ni Hee a eEAPIENE ng

agent as a met &iela@%ﬂosadIﬁékncwaqveéﬁlM@taﬂ@eaéU"m“e?a‘i‘:?oﬁééaﬁﬂﬁri}he Ltion
20 is inproved by incorporating at |east two conplexing agents. AfiTst

conpl exi ng agerfttb-s aprefEPi#Ads an aromatic hydrocarbon ring with at | east
an OH or O group bonded to a carbon atomconstituting. the ring. A second

conpl exi ng agent i s conpound having a donor atom such as 25 heterocyclic

am nes. Since ﬂﬂ—ﬂﬁegiﬂﬂ%ﬁi tion conprises two conpl exing agents,

drawbacks siych @gaihigher cagt jandyi Qepease Qpser ved.
FrEneeRkpebr ARl THN AR e

Mor éover, aromatic_hydrocarbons such as Tiro
hazardous for ERab&AvCPERREH: LN dopris 80y hamaasi A0S lodiPdEn29enas s and

US 5, 302, 311 d%@ﬁbﬂ@ﬁﬁmﬁmemound.

[oo18] It is a further aim of the invention to
provide a new composition for treating a surface which is

15 stable and provokes less or no metal precipitation on the

surface.
[0018] Another aim of the invention is to provide a
new cleaning solution. Another aim of the present

invention is to provide an efficient APM-cleaning solution

20 having a good robustness with respect to metal
contamination.

') [c020] A further aim is to provide a new single-step

method for cleaning semiconductor surfaces.

25 Figure Captions

[0021] Figure 1 : chemical structure of complexing
molecules
[0022] Figure 2 : bath age (minutes) as function of

the normalized H;0; concentration, Ll=no complexing agent;
30 2=DEHP; 3=10x DEHP; 4=1-FEMHP; 5=10x 1-EMHP; 6&6=DMHP and
7=10x DMHP.



aqueous hydrogen peroxide solution further conprising a ¢ Jé,E.Xi 8
conpound cont ai ni ng phosphonic acid groups and show ng co(r‘)?glp P@@ Abi | | ty.
Cl eani ng solution conprising 21 June 2005 WD 02/ 051961 PCT/ BEO1/ 00219 5

phosphoni c acid gaups are not effective in renmoving or suppressing Al from
t he substratwo odesiegaver, enhanced deposition of Cu has qi’(ﬁ‘}bﬂﬁ?fﬁﬁibred- Thi s
makes the cleaning solutions |ess suitable. 5 [0016] in the present
invention, the problenms related to renpyval of netals as nentioned in the
prior art, are avoided. Ains of the invention 10 [0017] It is an ai m of
the invention tg, provi stabl e.conposition conprising an oxidi zing
conpound and a = QE Ene Sent 9“[0018] It is a further aimof the
invention to pi®23de a newIconposfidsmn fapebbeadf NGl ssunhasgcidhcha s 15
stabl e and prov ke%sl.gss or nig. t al recgigai,t ation on the  surface. [00191
Anot her ai m of THE T Aventi oh FETFTHioTEE S REWAE OXAPAGLED | GeTRINd

Anot her ai m of arde apresehéxirigheenbband i i gD Hheovheei @ efdrmmhgnt

APM cl eani ng sol uti on 20 having a good obustness with respect to netal
contami nation. [00201 A further aimis$fo provide a new single-step nethod
for cleaning sem conductor surfacRg. 23 Fi goHe Captions [00211 Figure 1
chem cal structure of conplexing no s [ 00221 Figure 2 bath age

(mnutes) as function of the nornal ' 202 concentration, 1=no
conpl exi ng agent; 30 2=DEHP; 3=1R3" DEWP; 4R1- EMHP; 5=10x 1- EMHP; 6=DVHP

and 7=10x %IVHP. 21 June 2005 WO 02/ 05%‘&61 PCTBEO1/ 00219 6

: wherein R1, R2, R3 and R4 are selected from the group
consisting of H and any organic side chain. The oxidizing
compound can be in the form of an aqueous solution. The

‘10 complexing compound is for complexing metal ions. Metal
ions can be present in the solution or in an external
medium being contacted with the solution. Depending on
the wmetal ion being complexed, one or more complexing
molecules/metal ion are required.

15 [0024] _ In an embodiment of this first aspect, said
composition as recited in the first aspect of this
invention can further comprise an alkaline compound.

) [0025] In a further embodiment of this first
aspect, said organic side chain can comprise an aliphatic

20 side chain, a heterocyclic side chain or an aromatic side
chain.

[0026] In a further embodiment of the first aspect
of this invention, R3 and R4 can be hydrogen while R1 and
R2 can be a functionalized aliphatic side chain.

25 Preferably, said complexing compound is one of the group
congisting of DEHP, 1-EMHP, 2-EMHP, DMHP, PEPH, PMHP,
ECMHP and ECEHP.

[0027] In a further ewbodiment of this first
aspect, a solution as recited in the first aspect of this

30 invention is disclosed characterized in that said



Summary of the invention [0023] In a first aspect of this | vention,
conposition is disclosed conprising an oxidi zing corrpound AN Q?érrpl exi ng
conmpound with the chemical formula 0 5 R3" -N -RlL R2 wherein Rl, R2, R3
and R4 are selected fromthe group consisting of H and any organic si de
chain. The owp@bgdflg conpound can be in the formof an %ﬁiﬁdﬁoﬁﬁl ution.
The 10 conpl exi ng conpound is for conpl exing netal ions. I'ons can be
present in the solution or in an extern medi um bei ng contacted with the
solution. Depending on the nmetal ion being conplexed, one or nore

conpl exi ng nol netal ion are, reqy ired. 15 0024 In an enpodi nent of
this first aspeogéti%ﬂ sal 8 OSI(?I oS as YQE?SG‘&] irst a@%@ﬁeﬁf this

i nvention can fnﬂrtobredecowpll sebean salaloalt i ped caﬁ;po&m;d. {a@@ﬂ‘ilorl nox fehkher

enbodi nent of t fikst as aid organi¢. side c¢hain can.conprise an
aliphatic 20 séi])&lgleﬁal A, a® ‘B‘i’%‘?ﬁiycl i %E‘ﬁ‘éi n %?C%{?P%&ﬁ c $Pde

chai n. [0026] Isubatfantié]bly eimbogt reat  of the first aspect of this
i nvention, 4 can be _hydr whi | and can be a
a@l i pF] gﬁﬁgh

functi onal i Z&d atic si d& éh FSBFyOr sEiHF c%"rﬁﬂteﬁ%“

conpound is OnleOfthth.ngéﬁtlonnCOéISd:@ﬁpd&tQBanbipdlécﬂéé% wiredeMdiR, <BVEP,
PEPH, PVHP, ECEHP,apd ECEHP. [00271 In a further_ enbodi nent of this first
aspect, a sol ut¥ofiatny e‘"c‘?"f%’dmfianh]éYcF’f?g&'l BEpREIdHf this 30 invention is

di scl osed char gobepi zed in that asaifdr2hed UNEmEADTWO 02F05196L  first
PCT/ BEO1/ 00219 7 oxidi zi ng conpound i s hydrogen peroxide. Hydrogen
peroxi de wil|l BEP&Fhbh| Fi FOAPEFLEIRN ARl Feitask ltméheboﬁﬁnséxﬁﬁ@)%hmpubnd

SQCh that deco@goshbi @Nrk€ aspect of the invention is disclosed wherein
- alkaline compound comprises an inorganic or organic bagic
compound . Said alkaline compound can be ammonia or an
organic amine, preferably an organic amine chosen from the
group consisting of tetraalkylammoniumhydroxide,
15 alkanclamine, choline (hydroxyltrialkylammoniumhydroxide)
and guanidine compounds.

[0030] In a second aspect of this invention, a
method for treating a semiconductor substrate is
disclosed. Said semicondcutor substrate is treated with a
20 composition comprising an agueous solution of a complexing

compound with the chemical formula

» | it

R4 OH

|

R3 v
R2

R1

wherein R1, R2, R3 and R4 are selected from
25 the group consisting of H and any organic side chain.
Said composition <can further comprise an oxidizing
compound.
[oga1] Said composition can be used for treating a
substrate, such that particles are oxidized and metallic

30 contamination is removed. The complexing molecule is for



substantially inhibited. 5 (00281 In a further enbodi ment of this first
aspect of the invention,' a conposition as disclosed wher &f Us&2@05
oxi di zi ng conpound is hydrogen peroxide. [0029] In a further enbodi nent of
this first aspect, a conposition as recited in the first enbodi ment 10 of

the first asgefdhnSst he invention is disclosed wherein al | ound
conprises an inorganic or organic basic conmpound. Said gﬁal]@ﬁgﬁggﬁpound

can be ammonia or an organic anmne, -preferably an organic am ne chosen
fromthe group consisting of tetraal kyl anmoni umhydr oxi de, 15 al kanol am ne,

chol i ne( hydr oxy [4al amupni_unhydr oxi d an uani di ne _conpounds.. [ 0030]
In a second asﬁ%%&h%?ﬁﬁhis“Fﬁ@ggh¥onfe§18%%?hogegBQ t PEEEFRY a©® tnd
sem conduct or seiisttrate kBsd dhschosedut$and sRALCONEGIING, SHOSLLBEEiNs

treated with a 0Mosi tikon conprising.an,aquegus. sol ution, of a
conpl exi ng corﬁg)%utﬁltf vﬂoﬁﬁg%ﬁ% the cécflasggrﬁﬁil‘ée degomppgition of g ejn

RL, R2, R3 and d¥idiméngel ecimpduhd0mis25 dulbetghouy Bonsishimideaf. H sdid any

organi ¢ side.chain. .Said conposition can further conprise an oxidi zing
conpound. [ 00311 & §Rc onbsi PF‘SE“& Iaé( usBH 5L ] r e5PF ng CA2BEBLL r & e,

such that partisardscatecost dsabskane .mdaald | Somf i€eBhamRatd 1R Hisyr groved.
The conpl exi ng nol.ecul.e is for 21 June 2005 WO 02/051961 PCT/ BEO1/00219 8
conpl exi ng et AITTECPEEFIRe s SHRF RS €¥ht PHnaPKe couppsiF i daectibache

sol ution. Addi tiromakl ¥irsherdgdeet beecnnf thepsebdtion is increased since de
deconposi tion %?Dégf oxi di zi ng conpound is substantially inhibited. Said 5
solution is parti’@dfarly suifafi® FBrOEMERY Myt athdenicesrBd cPEPestbST at e.

Sai d conposid i akikOEneLAENAY Sai e CORHUCEDN 454IbBL rte SN R Whom
canposi tion dest%Eai bgerctj:up consisting of H and an i id. hai
y organic side chain.
Said organic side chain can comprise an aliphatic side
chain, a heterocyclic side chain or an aromatic side
chain. In a further embodiment of this second agpect of
15 the invention, R3 and R4 can be hydrogen while R1 and R1
can be a functionalized aliphatic side chain. In a further
embodiment, said complexing compound is one of the group
consisting of DEHP, 1-EMHP, 2-EMHP, DMHP, PEPH, PMHP,
ECMHP and ECEHP.
20 {0033} | In another embodiment of the second agpect of
the present dinvention, said oxidizing compound can be
\ hydrogen peroxide.
' [0034] In an embodiment of the second aspect of this
invention, said composition can further comprise an
25 alkaline compound. Said alkaline compound can comprise an
inorganic or orgaunic basic compound. Said basic compound
can be chosen from the group consisting of ammonia and
organic amine, preférably an organic amine chosen from the
group congisting of tetraalkylammoniumhydroxide,
30 alkanoclamine, choline (hydroxyltrialkylammoniumhydroxide)
and guanidine compounds.
[0035] In an ewbodiment of the second aspect of this
invention, the method as recited in second aspect of the

‘invention is disclosed wherein the concentration of



in the first aspect of this invention. r00321 In an enbodi nent of this
second aspect of 10 this invention, said Rl, R2, R3 and R&Taunesii0bct ed
from the IRy B isting of Hand any organic side chain. Said organic
si de chain can c@ﬂ%ﬁise an aliphatic side chain, a heterocyclic side chain
or an aromatic side chain. In a further enbodi nent of this second aspect
of 15 the invention, R3 and R4 can be hydwogen while Ri and RL can be a

functionalized aliphatic side chain. In a further enbodinent, said

conpl exi ng conbpdndgés pacofiathengroup isting o HP, 1- ENHP,

2-EMHP, DVHP, PEPH, PMHP, ECVHP and Eoﬁﬂﬁm%ﬁ[ &d%?j E’I%’a?r?& HerY Enifsti F@nt
of the second % “of the present invention, said oxidizing conpound can
be hydrogen ppi®ydde. [003 I.n. an.,enbodi nent_ of the second aspect of this
i nvention, said conpositi on&]élar?r* SFER M s & hen sepond lagnant coffmiding.
Sai d al kal i ne gvrmbumoh,cathe OMPELhSA &k | PRL YA C;ar O j c_basi c cgnpaqund.
Sai d basic _cori%%ugg. can pe chosen fromthe g%uﬁﬁcg%s(‘%’gﬁ naés%‘?cténﬁgnitaheand
organi ¢ ani ne, prétéfibl ytsin StgahPesdni de chisen f rtm t hemoBEOUPoE  the

consi sting of chabnazk k¥ Lu oxi.de, 30 al kanol.am ne,
chol i ne( hydr oxy] Fri al k§| a%%‘nﬁl uﬁ%%{ oéfa‘a{ €0 5 0d Tgudht dikfd T orpBureS. sRAE35]
In an enbodi nBAlubionrhe second aspect of this invention, the nethod as

recited in sef9€§5€spect of_the invention is disclosed wherein the
concentration o June 2085 & PPPradiBany of dilgcrependxadpecd bfieth:
e hisg

sol ution |iesiipeimerih, 0¢H81 pfl- ight .-%. [.0036] In_an enbodi nent of
the second aspect of this inver%ﬁ?ion%{\@t %gc%Fﬂo&nasS %4 e@Sprce @hdche

aspect of thénvaRkden obsi dididobededtioraifi Ghd NenauRENE £0f. e ;
bet ween 0.1 and 1000 ppm of said sgﬁuﬁl%%néllfw In

conpl exi ng a jas
an enbodi rrent%%g#oilhg RN 0ofooclhiaélcf 30 weight%.

In a third aspect of the invention, there is provided use of a composition according to
the first aspect in the field of sojl remediation, metal etch bath, denture bleaching, bleaching

of fats, oils, waxes, wastewater treatment, paper pulp bleaching, textile bleaching.

Detailed description of the invention

{0038] -~ In relation to the appended drawings the
present invention is described in detail in the sequel. It
is apparent however that a person skilled in the art can
) imagine several other equivalent embodiments or other ways
of executing the present invention.
[0039] In an aspect of this invention, said
composition comprises an oxidizing compound and 3
complexing compound. Said oxidizing compound can be in
the form of an aqueous solution.
[0040] Said complexing agent can have a chemical
formula as given in figure 1. Ry, Ra, Rs and Ry are
%ndependantly selected from the group comprising hydrogen
(H} or any organic group. Ri, Rz, R3,0r Ry can have a
different chemical structure. For the purpose of this
invention, said complexing agent as mentioned above is

generally referred to as pyridinone.



invention, the nmethod as recited in second aspect of the invention is

di scl osed wherein the anpunt of the al kaline .conpound |ied!dutagedd 0. 007,
and 30 weighto. In a third aspect of the invention, there is provided use
of a conposition according to the first aspect in the field of soi

remedi ation, netal etch bath, denture bl eaching, bleaching of fats, oils,
waxes, wastewater treatnent, paper pul pggl eaching, textile bl eaching.
Det ai | ed description of the invention [00381 In relation to the appended
dr awi ngs ﬂ?%ﬁea;esent igyegéion is described in detail in the sequel. It

i s appare ver thataddecagarski | Hedyin [t can _inmagi ne severa
ot her equigealenk qugdhne s or other %hggb o%ggxggétiﬁ§e¥ﬁeaRﬁ%@%#&e

i nvention. 003S% I af‘ashecP & t8i & tiomge nt imked s &igd e&@ﬂpgghgrorb

conpr i sesSangde| didoulsl & 0BRO iﬁf&' ggrrpl ex%n conpound. Sai ox1i zi ng
corrpoundn[gﬁg be in the form of “an a&&é’ s TYFut tHRE [ bbe0)cBwidkinnmp! exi ng
agent ca é%%?%ﬁ%ﬁeﬁfc&he1ﬁinaﬂaramplﬁgﬁﬂgiébéﬁgu5§el. R1 52, R3 and R4
are indﬁm@ﬂﬂﬁﬂi|§r%gbﬁ%%%9 fron1t£e group conpr 1 Si g h?&ﬁ&ﬁg v @?P‘Br any
organi c group. Ri, : i, besehac @@eiéfmditherqphmgﬁeﬁbﬁggjgggﬁpture.
For the purpose of-this invention, said conplexing agent as nenti oned
above is generally referred to as pyridinone. 21 June 2005 9a [0041] Said
organi c group can be every possible sequence of C, N, 0 or S atons |inked
to each other by single, double or triple bonds such that the conpl exing
properties of the final conplexing agent are assured. Said .organic group
can be selected fromthe group conprising 21 June 2005 WD 021051961
PCTBEO1/ 00219 10 aliphatic side chains, heterocycles and aromatic
structures. 100427 Said organic side chain is every possible sequence of
carbon., atons linked to each other by a



i

5 single, double or triple bound and optionally characterised by the
presence of functional groups |inked to the carbon atons. 2tdHBe 260m]

groups can be al cohol, carboxyl, carbonyl, aldehyde, keton, ether, ester,
am ne, am de, halogen containing groups. 10 [00437 Said heterocycle can be
one of the gwowpoesisQNpPrising a crown ether, a cryptant, Ebéﬁ?%%yah%pe’ . In
a preferred enbodi nent, R3 and RA are H atons, while R3 an are a

methyl, ethyl, (iso)propyl or butyl group, Said nethyl, ethyl, (iso)propyl
or butyl group can 15 functionalized, e.g. with a carboxyl group (COCH or

C00). Preferabl%,nthe.conpl exi ng.ml ecul es_as descri bed i figure 2 are
used. DEHP = 1,2-8Fé?ﬁ§l-ggﬁ§%rog§?ﬁffﬂ)-pg?EﬁFﬁ@ﬁgﬁfO 1?E%HP ngmatlc

1- - Et hyl - 2- et Hru8thyes oxy--4 (1H) -pyridinone 2-EVHP =

1- Met hyl - 2- et hyjgg3sy hydr oxy-4(¢ 4H) - pyri.di non P =, ,

1, 2- Di net hyl - 3- 0y rz%xy- 4( 1H)Sé%ér i€ ﬁv?@ﬁg P?ﬁ? :g}@}%r 3Fy| SYY o PRFFILEE
-hydrgxy-4 (1Hﬁeqpyn¢di?ﬂhecaENHP,=§%cmBFOD%hTéHIq?bSYéacB-?M€§QXYb§ gﬁfﬂ

- pyridi none 25 P 1-(2 oxyet hyl) - met hyl - 3- hydr oxy-4(1H) - Pyridi none
ECEHP 1- (2'%arsgo§y%t hyl %"‘%[eet hy?: 3- h %&-41’(3?951 - BYHi di RERéCEbON4)

Al t hough t he adtiatracrentsdchenanghitpfsend@ (Bimfu@éitﬂgnégegi'oﬁﬁst henked
conposition in this invention is not_particularly limted, it depends on

the degree of et CHHESH TSN anBUrE¥IMeLkigHPUsF sterbe orpeohris

bei ng present karbheysol tdtisvhyiFurdien9te, t Rer8APUBRELOE, £9PRLexihg,agent
depends on the sggcif%é%fhenical 21 June 2005 WO 02/ 051961 PCTBE01/ 00219 11
structure of tABIEHNPIENAITT CORPBLMPY BR®WAeunt of the conpl exing agent

lies 0.01 amd 10089 ppm betye@n Horbrabge1d00@npnse Obnsai gk CRMROsLLdQn. For
this application, ppm should be understood as parts per mllionin the 5

conposi tion. [BYUB]IHIE AnBHERAYR oFtR&np e frigt e curdldepsres . on

In a preferred embodiment, Rz and R, are H atoms, while Rs
and R, are a methyl, ethyl, (iso}propyl or butyl group.
Said methyl, ethyl, (iso)propyl or butyl group can
15 functionalized, e.g. with a carboxyl group (COOH or COO7).
Preferably, the complexing molecules as described in

figure 2 are used.

DEHP = 1,2-Diethyl-3-hydroxy-4(1H) -pyridinone

‘20 1-EMHP

2-EMHP

) DMHP = 1,2-Dimethyl-3-hydroxy-4 (1H)-pyridinone

1-Bthyl-2-methyl-3-hydroxy-4 (1H) -pyridinone

Il

1-Methyl-2-ethyl-3-hydroxy-4 {(1H) -pyridinone

PEPH
PMHP = 1-Propyl-2-methyl-3-hydroxy-4 (1H)-pyridinone
25 ECMHP = 1- (27 Carboxyethyl) -methyl~3-hydroxy-4 (1H)} -

1-Propyl-2-ethyl-3-hydroxy-4 (1H) -pyridinone

pyridinone

ECEHP = 1- (2 Carboxyethyl) -2-ethyl-3-hydroxy-4 (1H) -

pyridinone.

10044} Although the addition of the amount of
30 complexing agent in the composition in this invention is

not particularly limited, it depends on the degree of

metal contamination and on the kind of other compounds

being present in the solution. Furtheron, the amount of

complexing agent depends on the specific chemical



t he speC|f|c coaneX|ng conpound. 0046] Since said conplex agents do not
forma 1:1 nmetal/conplexing agent conpl ex, higher concent?égpwﬁgomﬁo of
conpl exi ng agents are required, conpared to other conpl exing agents such as
EDTA. Typical values for the stoichionmetry CAnetal for Fe, Al, Cu and Zn
are given i nwolohygsidb@gbl e . Conplex Stability Constants: ;P 01/00219

Fe- 1Al eCuzZnFe2Al 2Cu. Zn2 DVHPDVHPDVHPDIVHPDEHPDEEPDEHPDEFS ﬁﬁﬁﬁ ?

[L) 15, 1012, 2010, 1527, 1915, 223, 4210, 747, 40 [M.2] / [M]11, 5111,

058, 996, 3411, 7611, 649, 076, 09 [L] [ML_

JI[M.2]9, 279, 37 8 < Kti]
[IV[LJ]/][I\/] 35, 8837, 62193:%15%8 %‘ﬁs ‘é%‘?]fﬁﬁgsffﬁ‘%‘in‘h] khﬁuﬁqﬁfn‘&wﬁﬁoéhﬁ [ M.x]
| [N1] 377, 22 | /coB®1e8idd3qgera6]Bed L]. RFedM, 40000. pbh; ZBefwedd X33 and

(") Val ues have fromdifferent auth d_determ ned by

di ff erent techn?’c%iuegtpﬁ‘[ 8%47?‘—‘1 2i T Eilgzﬁ?\g c %ogﬁﬂscﬁﬁptiécaem &8 cal
21 June 2005 \BhoRL651961 REEBESHSGD218s 12peammpoynst haviXigonxi dinZi Nde
properties. £ g. ﬁggf@ _species, metallic conpounds,' inorganic
particles, SRR . can be oxidized. [0048] The oxidi zing conmpound is
a conpound sel dépédl 5 fronﬂmheagbaup 6D NPoigsliekg nby doRgetnd edExd#R Oh

oxidizing ani g3 The; i diging.aniong can be e.g. nitric acid and

[0046] Since said complexing agents do not form a
1:1 metal/complexing agent complex, higher concentrations
10 of complexing agents are required, compared to other
complexing agents such as EDTA. Typical wvalues for the

stoichiometry CA/metal for Fe, Al, Cu and Zn are given in

the table
Complex Stability Constants:
15 _
Fel PSR Cu Zn Fe? N Cu Zn®
DMHP DMEP | DMHP | DMEP DEHP | DEHP | DEHP | DEHP
ML}/ M) o] 15,10 12,20 | 10,62 | 7,19 | 15,2 | 13,42 [ 10,74 | 7,70
[MI;] / [ME] 12,51 11,05 | 8,99 | 6,34 | 11,76 | 11,64 | 9,07 6,09
[r] ‘
[ML3) / [ML;} 9,27 9,37 8,48 5,12
L] ;
7 MLl / im) 35,88 32,62 ”iﬁs,.s '15,5‘3- 36,8 | 33,54 1;,81 18,91
{r]*
? DMHP 1-EMHP | DEHP
ML, / EM) 37,2/36,4 | 37,7 36,8
1"
PFe 19,4 1 19,7
O%=3 *
(*)Values have been taken from
different authors and determined by
different techniques.

[0047] Said oxidizing compound can be every chemical



its salts, nitrate, persulfate, periodate, pér bromate, perchlorate,
i odate, bromate and chlorate salts of anmonium Preferabl y21 d¥e 2000di zi ng

conmpound i s hydrogen 10 peroxide. [00491 The concentration of the
oxi di zi ng conpound can be, but is not limted hereto, between 0.0001 and

99 wei ght begigease: 001 and 90 wei ght % and preferebly pg@gﬁﬁ& Q,001 to
30 weight. 15 [0050] In this application, weight % should ?izé?st ood as

t he percentage of weight of the specifi erdL conmpound i n the comnposition.
[ 0051] Said conposition can further conp Fse an al kaline conpound. The

al kal i ne compou ) _base,can be 20 _every chem cal conpound with a pH
hi gher than 7. %ﬁ%‘goﬂcgl i RV EBhpofHditaiihe BROBRERIRT or Fidior gamgenic

conpound. The ab&aleme melQiBdceRFoRNIAN I9I38hEPBSL 1 VPN A 11 con
amoni urrhydr oxi dgé or_.an al kal.i ne, sol ution confaining netal 'ions such as
pot assi um or sodr um“%hiRF ¥y base 25 can be a quaternary ammoni um
hydroxi de such &€04adt r aal kyl The bR 8E 4ihd e S 18 &h}ﬁs&l}pé&ﬁ %e'i%%t@&oum
arbon

can contain _hydroxy-, and al koxy-contai ni ng groups w t to 4 ¢

atoms in the’al K§1™ of 2%l REQYP gFORFisiadd idgaare mevexsda ofurmidizbegan
organi c anine sastords anrid kanek z & Neni 30 Aldangl é‘?.”?ﬁﬁ%@? B8:ia an
ol re erafﬁiy, ?he

2- am noet hanol ,, 1-anmi no 2-propanol, 1-am no 3-propa .
al kal i ne conpoutids &P¢tsvet Rhlettsy| BAFPR EAhTy dpPexidéatend Hexbrethye,

2-hydroxy et hypeaimorbyu® hydeogxide (ghohdne) apypoi i hydrpxi de, .21
June 2005 | WD 02/ 051961 PCTBEO1/ oozlgp% H‘I]'fe %Hn%ungﬂg&ﬁ% afkari ne®t
conpound | i es BEIRREEHTE. 0Frelfeaapl v0 Wed gtidietinge wopoidand hodvedght a,

between O0.9081 pdx3@eWei ght % [00521 Said conposition can further conprise

a'. B surfactant. [0053] In a second aspect of this invention, a
[oo49] The concentration of the oxidizing compound

can be, but is not limited hereto, between 0.0001 and 99
weight %, between 0.001 and 90 weight % and preferebly
between 0.001 to 30 weight%.

15 [0050] In this application, weight % should be
understood as the percentage of weight of the specified
compound in the composition.

[0051] Said composition can further comprise an
alkaline compound. The alkaline compound or base can be

20 every chemical compound with a pH higher than 7. The
alkaline compound can be an organic or inorganic compound.

h | The alkaline compound can be an organic base, ammonia,
ammoniumhydroxide, or an alkaline solution containing .
metal ione such as potassium or sodium. Said organic base

25 can be a guaternary ammonium hydroxide such as tetraalkyl
ammonium hydroxide in which the alkyl groups can contain
hydroxy- and alkoxy-containing groups with 1 to 4 carbon
atoms in the alkyl or alkoxy group. Said organic base can
further be an organic amine such as an alkanol amine.

30 Alkanol amines can be 2-aminoethanol, 1l-amino 2-propanol,
l-amino 3-propanol. Preferably, the alkaline compounds are
tetramethyl ammonium hydroxide, and trimethyl 2-hydroxy

ethyl ammonium hydroxide (choline) and ammonium hydroxide.



met hod for treating a sem conductor substrate is disclosed. Said

semi conductor substrate is treated with a conposition conp?h $INe208k
aqueous sol ution of a conplexing 10 conpound with the chem cal fornula R3"
"N'" "Rl R2 wherein R, R2, R3 and R4 are selected from the group

consi sti ng okydhaghspny organi c side chain. 15 Said corrpo;%%lg@mgﬁg further
conprise an oxidizing conpound. [0054] Said conposition ¢ . t is not
limted hereto, the conposition describgd in the first aspect of this
invention. Said conposition is particularly usefull 20 for cleaning a

substrate such &hat icles.are oxidi.zed and netallic, contam nation is
renoved. The conpl e?ﬁ%ﬁéc%ﬁpgﬁlﬁd a:i)éf( or c oIp % g?ﬁﬁ?apgtﬁ‘%‘?lﬁgopp%%nt on

the substrate and PA whigkol &t i batwéedi DL ooml byd bbhewkif®ti 9p bebwbbe
solution is incgeg i gce de .deconposition of the 25 oxidizing conmpound
is substantiall y?‘?\:ﬁ%ﬁﬁ gg.w‘f “ A substrate can be, but is not limted
hereto, a substf@#Isuch as Swdini centpobingomat & al furt@le@SS cofpdlsd. a

ceram cs, netal su%a%%tain%’ magnetic material, superconductor and the Ilike.
30 10056] Preferably, said substrate is a sem conductor 21 June 2005 WO

02/ 051961 PCTBEMIERI219 14 subshr asecorbbnmagpadtctay sHbst rataneapnbe gvery

possi bl e SUbStxﬁeaéh% se? in %en‘i conductor processing. Said_ sem conductor
substrate can B& a Substfat e "CERELERd A onPeRhe BT butubsdeaten tis

hereto, conpri stirgieseabst sai@ SenmmaRdREsk! bEOSr A TRNWELL Gal §{um
hi de, etc. [0057] The sem conduct or substrateabe

arseni de, indium_pho ‘
e.g. the subst%"é’kpg’&lggo?mﬁf%‘ﬁé&naba%aa&}@@%oﬁ@ﬂhm ¢fop cpapléwing with
a thin fil mof wngpouad wxtkleha chbhitde, ré&mametal, a polyneric insulating
| ayer, an anti-reflecting

0
R4 OH
|
R3 Il\i R1
R2

wherein R1, R2, R3 and R4 are selected From
the group consisting of H and any organic side chain.
15 8Said composition can further comprise an oxidizing
compound.
[0054] Said composition can be, but is not limited
) hereto, the composition described in the first aspect of
this invention. Said composition is particularly usefull
20 for cleaning a substrate such that particles are oxidized
and metallic contamination is removed. The complexing
compound is for complexing metals being present on the
substrate and in the solution. Additionally, the lifetime
of the solution is increased since de decomposition of the
25 oxidizing compound is substantially inhibited.
[0055] A substrate can be, but is not limited
hereto, a substrate such as gemiconducting material,
glass, quartz, ceramics, metal, plastic, magnetic
4 | material, superconductor and the like.

30 [00586] Preferably, said substrate is a semiconductor



coating, a barrier, a photoresist |ayer, etc. [0058] The present invention
is particularly relevant for cleaning or etching a seni corffudier208Gbstrate
of which the surface should be highly clean. 15 [0059] Wen the conposition
is used for treating a substrate, the weight concentration range of the

al kal i ne cogeunsketn the cl eaning solution are typically @H%T (g limted
to 0.001-100 t, 0.1-20 % and preferably 0.1-5 % by wei gh]f. )f? 6960] For

anmoni um hydr oxi de, the wei ght concent rﬂi on range of the alkaline
conpound in the cleaning solution are typically but not limted to 0.001-

30 % 0.1-20 %g&gj‘ fera .0.1-5 9% by ight. For _other alkaline
conpounds, the welg ta%gc')ncgr%ﬁﬁ??%%ﬁ%ﬂg’%‘}%%ﬁ%ee&ﬁf‘vgiaeﬁf’?nénBo?%?'F@ﬁ on of

the strength ofsusragkkal iiaed conpoundeenfi@06dhcter peyrddedeinghe wedght
limted to

concentration t . rogenperoxide is_'typically but not
0.001-100 % og%‘ég"g’%élﬁgarp%}?’éﬁ%‘ﬁ BPH-B° oy REFFRES 361 ¢0ER] 1M t he
preferred enmbodilmerdreafp,t us nbbvedhiesd BefMOsddrp@Asing Lr eabiPshid

sem conduct o SUu ef acg conﬁ_i ses ammoni ym hydr oxj de, hydrogen per oxi de,
“&d EPMFRPEt urESedaddeRt bital | Fraerddfpl ekpdigmgent

wat er (hereafter Call
Sai d conpl exi ngplagphtides efte. of the 21 June 2005 WO 02/ 051961 PCTBEO1l 00219

15 group consi st(d[og_’g of the it | ecul es as_described in figure 2. [0063]
APM cl eani ng mi ds conpritengSEMEERBISETTy SkGEkFakR cobRi ng- 0 tihe
present inventisbstrareobust Winldht12ne8SPeHovk0 TRivak-cgONtaHsnaLi,on Lom ng
fromthe fresh Ch%m'§$|s as well as with respect to netal contanination

i ntroduced in tRESEBUFE IR i Shide Fi9m @fegnBrganTREide obuseHesisleof a he

basi ¢ APM moCestatan Depbifpidaved byt irdddi djan of, complexl b Agent s
whi.ch keep the netals in 10 solution and preverit the above nentione
catal ysis of tﬁ@atlng, a barrier, a photoregist layer, etc.
[0058] The  present invention is particularly
relevant for cleaning or etching a semiconductor substrate
of which the surface should be highly clean.

15 [0059] When the composition is used for treating a
substrate, the weight concentration range of the alkaline
compound in the cleaning solution are typically but not
limited to 0.001-100 %, 0.1-20 % and preferably 0.1-5 % by
weight. .

20 [00e0] For ammonium hydroxide, the weight
concentration range of the alkaline compound in the

™ cleaning solution are typically but not limited to 0.00%i-
30 %, 0.1-20 % and preferably 0.1-5 % by weight. For
other alkaline compounds, the weight concentration range

25 is equivalent, and function of the strength of the
~alkaline compound.

10061} For peroxide, the weight concentration the
hydrogenperoxide ig typically but not limited to 0.001-100
¥, 0.1-20 % and preferably 0.1-5 % by weight.

-30 [0062] In the preferred embodiment of  this
invention, a composition Ffor treating a semiconductor
surface comprises ammonium hydroxide, hydrogen peroxide,
water (hereafter called APM mictures) and additionally a

complexing agent. S8aid complexing agent is one of the



per oxi de deconposition. [0064] The volume mxing ratio of NHAOH(29 0)

/| H2O2 (30% /H20 is typically, but not linited hereto, 0.24:¥n€208% [0065]
The cleaning solution is prepared with the anpunts as described above and
afterwards the sem conductor substrate is treated with the cl eaning

sol ution. [ ORGQkwilsit he best node known to the appli cant,l,m%gmwdﬁgcul e DWVHP
is selected and added in the anmounts described above. The 'Conplexi ng agent

can be added as the pure conpound to trfgcleaning solution. Alternatively,
the conpl exing agent can be dissolved iTm either water, anmmonia or
peroxide or a dilution of .the two %at%gr chemcals and 25 added as such to
the cleani ng salutFon.“°X508Y1"¢t PE atPhirt RBICGHFDF Phe FeRAEHESON da

di scl ose a proddagsirkor.treati ng a sem conductor substrate conprising the

steps of -- trqﬁ%kgg sai d S%%hCOdeCIOF substrate with the cleaning 30
sol ution as described above®and®= IRt FIEEIGeR THEIRICLor SOk ang.

[0068] An opti er@htskepordifg NSbNEhsabdeseHE COMMGLiQN ARSI 821 iune
2005 WD 02/ Q51961 PCTI BEO1/ 00219 16 can be perforned after said treating
sai d senm comdudtEPECEup r FEE i t RORFRINGIBEARPNgCXBIng | droms s crfiussh

above. [0069] chamibglstep @k1irgat kABhSakdposeni 6QNAMELD! oSt Al g W th
said cleaning solution, the sem conductor 5 substrate can be immersed in a

bat h cont ai ni ng™thedtanindisol gevesie aft ditfatisel §ort vdeshénai nGhe

solution can RebdbeRaNs st theSBEAYEUARR! Oddu2sS BILCBIUNGLOlve S S LAt @ Tor
i nstance by u5|aﬁ,a,spra processor. In all cases, the cleaning

per f or mance of 2HAEEEYFE uPE o ERACEENY 1 @9eRhanedd cby kesimgtle nwgasbni ¢n
transducer ao[ 0880kt Iie dRIMBFAIMES haANIBHAT nbhEBLANY {418 1,380 g@ngdygt or

stubstrate with the cleaning solutionis
peroxide decomposition.

[0064] The volume mixing ratio of
NH,OH(29%) /H0,(30%) /H,0 is typically, but not limited
hereto, 0.25/1/5.

15 [0065] The cleaning solution is prepared with the
amountg as described above and afterwards the
semiconductor substrate is treated with the cleaning
solution.

[0066] 7 In the best mode known to the applicant,

20 molecule DMHP is selected and added in the amounts
described above. The complexing agent can be added as the

;“) ' pure compound to the cleaning solution. Alternmatively, the
’ complexing agent can be dissolved in either water, ammonia
or peroxide or a dilution of the two latter chemicals and

25 added as such to the cleaning solutien.

- [00871 It is a further aim of the invention to
disclogse a process for treating a semiconductor substrate
comprising the steps of
- treating said semiconductor substrate with the cleaning

30 solution ag described above and
- drying said semiconductor substrate.

[cO68] An optional step:

- rinsing said semiconductor substrate



typically but not limted to 0-95 degrees Celcius, 10-80 degrees Celcius
and preferably between 20-70 degrees 15 Celcius. [00711 | A1dHee 20@p of
drying the sem conductor substrate, several techniques known in the art
can be wused, e.g. spin-drying, Maragoni-drying, drying techniques using

or gani ¢ vapowipSens9 0072] The step of rinsing the sem 0%0%02 g'substrate
conprises treating the sem conductor substrate wth D water or T eat i ng

t he sem conductor substrate with a dil thh(:Ed acidic solution or with D
wat er containing the conplexing agent i'h"an anount of I to 100000 ppm 10

to 25 10000 ppm.and b reference 100 tp_ 1000 m [0073] It is_a further
ai mof the inventi oﬁetg’egggglﬁ‘?cfbﬁgﬁerprSﬁé‘gstFSf"E?’F%a PhY £ TRRPEBHELRY or

substrate conprilsitngteheish efheobleahiRptddIitsandas ad £andigt ghosubstrat e
wi th any cl eani - treating, said sem conductor

Qﬂ)sg 0 solution and/or g S ]
substrate with any rinsing “Soltl§ ofFeR 3tin&rs8birn0Ee2f 0588 Fonductor
PCTI DE01100219 subktf80¢4Witai daaay cakaanhyd ssohviben €88 bBemdB¥nackeani ng
solution, not being limted tq the conpositions described in this

appl i cati on.> SAPSFREE ngCTD 3?‘% ol ™EBHPE | sER shi dadhplcertainie@nt thmd

water. Said corgleexifg Ssca@@RbnCamiRerARY:COTP) OXhad auem; deseribed,in
this application. The amount of the conplexing agent in thé conposition
can be between PlandPe106660=RR 19 arRPTEIGE0 oM afdeby spratendnceor

between 100 anGubR0ap@Mtof OPRhnERi $yf h@%hggang%%%ggrgags SO GPnpy{ se a

10 surfactant in an ampunt of 0.1 ppmto 10 W% A surtactant 1s a
surface-acti ve “2§6fit &Fprikaiasdnga deypdprubree grduptimdsalybphi keo dreooup.
The .1 yophobieC <ghQHB=E& he4a, sgr‘ﬁgﬂgfq ai group or a branched-
chai/n"al kyl gr OUB éOB %0201, Tan Iong-&gi Eg?%%eol)g al kyl 15 benzene
residue, an al K§PA8bht al eneThesi HemogcFwed range for treating the

semiconductor substrate with the cleaning solution is
typically but not limited to 0-95 degrees Celcius, 10-80
degrees Celcius and preferably between 20-70 degrees
15 Celcius.
[0071] In the step of drying the semiconductor
substrate, several technigues known in the art can be
used, e.g. spin-drying, Maragoni-drying, drying techniques
using organic vapours.
20 (00721 The step of 1rinsing the semiconductor
substrate comprises treating the semiconductor substrate
-) with DI water or treating the semiconductor substrate with
a diluted acidic solution or with DI water containing the
complexing agent in an amount of 1 to 100000 ppm, 10 to
25 10000 ppm and by preference 100 to 1000 ppm.
[0073] It is a further aim of the invention to
describe a process for treating a semiconductor substrate
compriging the step of :
- treating saild semiconductor substrate with any cleaning
30 solution and/or
- treating said semiconductor substrate with any rinsing

sclution



greater-|length al kyl groups), high-nolecul ar-wei ght propyl ene oxide

pol ynmers (pol yoxypropyl ene glycol derivatives), |ong-chai @21pkenel2485 oal kyl
or polysiloxane groups. 20 I1D0771 Dependi ng upon the lyophilic group, the
surfactant. earl be an anionic, cationic, nonionic or zwitterionic

surfactant. ionl.e surfactants can be carboxylic acids or carboxylic acid
salts (such ngg@glgﬁl}m and potassium salts of straight -cI‘FzSTFPEI”H?OtZy/aCi ds) ,

25 sul fonic acids or sulfonic acid salts {]such as |inear
al kyl benzenesul f onat es, hi gher al kyl benzthesul f onates, benzene-, tol uene-,
| i gni nsul_fonates, petrol eum sul fonates,

xyl ene- and cu | f onat es,

N-acyl -n- al ky%ﬁ?gat es, pﬁa&fifi FoFul CoRaPERY sE%BHHléF‘y a8y be any
al kanesul f onat Qﬂ.ea&iﬁbetsbmuﬁﬂbﬁ,anﬁ&@sbe§H%zf sHECIdNaLE 88! @bRpositions
al kyl napht al enesul f onates or isethionates), sulfuric acid ester salts

(such as sul f atSFFrRedr Prindile ArRIAGRSionyl fSri puinpdrget Byleniamed
strai ght - chai n olpdtiBes 20081 V&r@ﬁ%%kaﬁégé’xgg B8P 95318 ébﬁxgi‘&k%eqfr
sul f at ed trlgl yceride ails), phdosphoric an pol yphosphori c aci est &f s.
Cationic surfad@shts €3 e paymacymekerie apadethei desalibed diamnittes and

pol yani nes _andphieti: 5ah ! Snguakernar ¥ i %s S 5
t et ral kyl ammoni 5%1 salts ' or i m'aél azo?i nci%%éz;l ?gg“ﬁﬂ%%ﬂ ogg‘%?%yllgnaﬁhgd

| ong- chai n ani FESPPRAF{THXGHR Qe XadtwRen, 1 gadt dPAP2edppol yDX yatdyl et ed
| ong-chai n am RS, Q%4 a ' y] i hyl am ne oxi des)
Noni oni ¢ surfg)gt antsalg%%ﬁrgg%glg g%x%/e %Igﬁ"gyegkél t@t}cg% r’%l s, 10

pol yoxyet hyl endP8@5kt r aiTyHs- chringsiabcobolstiomol goxyetlyd enadmgrrise a

pol yoxypr opyl eng, gl ¥caliS in %I é@ég L hyd q{lalgﬁgmgg%g tans, |ong-chain

carboxylic acid esters (suc ycery 0 yc'se'ryl esters of
natural fatty &EPHG&l prépplefiectpyols aseubibot-artive pokydxyatiw cimat ed

o ot ORI e S SR, S o
pol yoxyet hyl engtegp s¢dm cbaes, straight-chain alkyl group or a branched-
chain alkyl group (C8 -~ C20), an long-chain (C8-C20) alkyl

15 benzene yesidue, an alkylnaphtalene residue (C3 and
greater-length alkyl groups) , high-molecular-weight

propylens oxide polymexrs (polyoxypropylene glycel

derivatives), long-chain perfluorcalkyl or polysiloxane

groups. _

20 [0077] Depending upon the lyophilic group, the
surfactant can be an anionic, cationic, noniocnic or

:i) Zwitterionic surfactant. Anionic surfactants can be
m carboxylic acids or carboxylic acid salts (such as sodium
and potassium salts of straight-chain fatty acids),

25 sulfonic acids or sulfonic acid salts (such asg linear
alkylbenzenegulfonates, higher alkyibenzenesul fonates,

bhenzene-, toluene-, xylene- and cunenesul fonates,

ligninsulfonates, petroleum sulfonates, N-acyl-n-
alkyltaureates, paraffin sulfonates, secondary n-
30 alkanesulfonates, a-olefin sulfonates, sulfosuccinate
esters, alkylnaphtalenesulfonates or igethionates),
sulfuric acid ester salts (such as sulfated linear primary

alcohols, sulfated polyvoxyethylenated gtraight-chain



N-al kyl pyrrol i dones or al kyl pol ygl ycosides. Zwitterionic surfactants have

bot h ani onic and cationic charges present 20 in the |yophilZlgupe2fd®dn (such
as P-N-al kyl am nopropi onic acids, MalKkyl-p-imnodipropionic acids,

i m dazol i ne carboxyl ates, N-al kyl betai nes, am ne oxides, sulfobetaines or

sul tai nes) (Mohokhegen. Surfactants and interfacial phe a, 2nd
Edition, John Wley and Sons, New York, 25 19891) [0078219 H&?zﬁ onal

al kal i ne conmpound should need to be added to the said rinsing solution.
The pli range of said rinsing solution *4n typically be, but not limted

to, between 5 a q} Said Ri nzg solution can be di spensed 30 or sprayed
onto the seni coRtttoor sUF f SEEERSHeEFIThEaTidsowilshur | PeThesing ant

perfornmance canpalyghophenbancedd BsressNg cArABAASORG-rhbpASHMCeLy 4L June
2005 WO 021051961, PCTBEQL| 00219 19 [0079] The process of treating a
seni conduct or BT Fat@WSh 3t igdhgeabiut | kemimes | sndgpphranbme

mentioned stepsamin dheiper bole®d fRiatarfSf} al fufliiber %falésse@‘ﬁ‘?{]d or
rabl'y a

substrates. After treating at |east one substrate, but prefe ter
treating nore sURSRrEYLRMMORKE confRidiat i oreBf t ABidpsakimigisol usds)can be

nmodi fied by e.ghivasdibpgyextdadgal kKedienaeapo ddi C | exi ng
conmpound, addi ng oxi dij zigqug conpound Sdl}Ch t hat %ﬁe%e i %I azﬁgﬁoﬁﬁggﬁt’i on of
the cl eani ng sd1ftEsRTFeD keplyomsidwaneated f Loryi@micf adeepr ooe ssnitdene.

Qonparative exagales (PORG] The RLEHEALAYEDELAN '[' 08U RS onli2

descri bed using non-limting exanples an W ngs.

ef fecti veness GUTERELHRYF cl #88 of be compllavkngtlagbmareagh t hékihbhdnidlison of
the netal cgt al d ksl on of p I € the preventjon af netal
WA Gy eIkl %E?éh t%ﬂgzﬁﬁ %éﬁéhéis,

outplating on Silicon wafers i n metal con nat e M 20 cle
sol utions is d@sérpreetinebanatedr conpl epdhpxypgepyiens di scl osgliddlsthi s

invention, diffghent d0dflenatea mercaptans, long-chain carboxylic acid
esters (such as glyceryl and polyglyceryl esters of

natural fatty acids, propylene glycol, sorbitol or

.15 polyoxyethylenated sorbitol esters, polyoxyethylene glycol

esters and polyoxyethylenated fatty acids), alkanolamides,

tertiary acetylenic glycols, polyoxyethylenated gsilicones,
N-alkylpyrrolidones or alkylpolyglycosides. Zwitterionie

surfactantg have both anionic and cationic charges present

20 in the lyophilic portion (such as p-N-alkylaminopropionic

acids, N-alkyl-B-iminodipropionic acids, imidazoline

‘\\—‘/

icarboxylates, N-alkylbetaines, amine oxides, sulfobetaines
or sultaines) (M.J. Rosen, Surfactants and Interfacial
phenomena, 2™ Edition, John Wiley and Sons, New York,

25 1983])
(6078} No additional alkaline compound should need
to be added to the said rinsing solution. The pPH range of
said rinsing solution can typically be, but not limited
to, between 5 and 8.  Said Rinse solution can be dispensed
30 or sprayed onto the semiconductor sgurface as described
above. During rinsing the performance can alsoc be enhanced

by using a megasonic traneducer.



conpounds are selected (1--EMHP, 2--EVMHP, DvHP, DEHP, PEHP, PNVHP, ECVHP
and ECEHP) and added to the bath at a concentration of 2. &t June@085M and
at a 10x, 40x, or 50x 25 higher concentration (nanely 2.65 x 10 4 10.6 X
10"4 and 13.25 x 104 M . A conparison is nade with other types of

conpl exi ng. ag&Ng2@ms@eNt ai ni ng as functional groups either P@ﬁp@%&# c acids,
such as diethylene (kleine letter) triam ne penta-nethylenephosphonic acid

(DTPMP), 30 carboxylic acids, such as ethylene diamno tetra acetic acid
(EDTA). An overview of the different chemcals used for the experinents is
given in Table 1. Al experinents 21 June 2005 WD 02/ 051961 20 5 (*) _
TB- grade corresponds with a specification of maximal 100 ppt of netal ions
in the chenical l0028npl e 2: THet albroutpd atdhg HremiABM & XsdheSonduddd@esence
of different c ' ts 10,[0082] The efficiency of conplexing
agents to supg‘%@ﬁa g 3%% siafi%#%T”ﬁ]et%cﬁqtéoé‘on‘foé‘mgﬁéﬂlﬂnté‘ﬁt GoANES er
surfaces was stusgitdédnedhissepascaonbet Pept@hned MENtd OB 3 1S Rivkbae Wl |
controlled t acste(\e chll] tgtof 'r"T'Ft allic contam nation to cleaning solutions.
For these 15 métal eg ST of"PRETRE - t y A tRBNni Hotetidberat wileAsth omeanet er
of 150 mm and Gim@tratéﬁnbatipﬁeﬂ@f&l&sgi.tefh@re\é@ﬁﬁism%é esﬁgflqt%%ned
using I MEC O e%?le( rc) in aP.autonat ed Steag wet bench (i.e. SOM + H- +
03-rinse renderihg TPREFFERE | §F cFBANCHGIRGIhi $P @R £ Pe2onqdiddsE The
netal depositi by expgli reRiingeetrPelAIQMTRHe | NedyShald, C g&@{ﬁ%; tapk Wi th a
Cc

guartz cover %}oati. This tank was not equi pped wth a negason
transducer. APNPRPXENHEE GRTRPYEIG padd ngorididiizdggl apmppsnd ofudhf tbaent

netal s of iuot echet inithAW thapdsidion 27 G| & dygT tals
spiked to the APM bath wer eﬂg%saled fnr om MS—staréggpgg?gflﬁ??gﬁslfwggggﬁ
After a bath S§88Hi5 a7 fupetion (pfedhgapepses®rtdiemer sed for 10

PCTBEOL/ 00219 were done in a class 1000 cl ean room envi ronnent or

Comparative examples
[0080] The present invention will be furtheﬁ:
15 described using non-limiting examples and drawings.
{0081} The effectiveness of the new class of.
complexing agents on the inhibition of the metal catalyzed
decomposition of peroxide and the prevention of metal
outplatingr on silicon wafers in metal contaminated APM
20 cleaning solutions is described next. For complexing
agents as disclosed in this invention, different model
) compounds are selected (1-EMHP, 2-EMHP, DMHP, DEHP, PEHP,
PMHP, ECMHP and ECEHP) and added to the bath at a
concentration of 2.67 x 10°° M and at a 10x, 40x, or 50x

25 higher concentration (namely 2.65 x 10™* 10.6 x 10™* and

13.25 x 10™ M). A comparison is made with other types of
complexing agents containing as functional groups either
phosphonic acids, such ags diethylene (kleine Iletter)
triamine penta-methylenephosphonic acid {DTPMP} ,
30 carboxylic acids, such as ethylene diaminoc tetra acetic
acid (EDTA). An overview of the different chemicals used

for the experiments is given in Table 1. All experiments



better. Table 1: Chem cals used for preparation of APM bat hs.

Cheni cal Vendor Grade H202 30 (W w) %Ashl andTB T NH40H 29 (wai)JupaRPandTB
(*) EDTAFJ. uka DTPMPMonsant oDequest 2060S DIVHPAI drich 21 June 2005 WO

02/ 051961 PCTBEO1100219 21 minutes, rinsed for 10 mnutes in an overfl ow
rinse tank h@sioed Wth a commercially avail able Mara Eo%bz%
(STEAG . The resulting netal contam nation was neasured W th straight TXRF
or VPD--DSE- DC- TXRF (Vapor Phase 5 Deconpgsition - Droplet Surface Etching
- Droplet Collection Total X-Ray Fluorescence). Determ nation of Al wafer
surface concent fatd OFINRS neg u V S ace,

At om ¢ Absorption Spectrosglgp% é%%%s84ii@£r§'co%eré\?ﬁevl&og$ el%g)?hn |ng Tret al
surface 10 conPakk$iation after di pping a clean wafer in an APM spi ked
with netals and different conplexing agents is given in Table 2. Table 2

Measured netal surface concentrations after immersion in netal
cont am nat ed 0.%349 3 :APkEsbratd owed: £00- pBCanivh df fAm éatheonpl exi ng

agents present. rgContc—CAConc—M-AREeagenrt (2, 7x3}0-5
M (w ppb) (1010 a ?%%1 10 at/cnR) Preclean fﬁ’lﬁéﬁANA G%L None003pP. 3
61.5 0.4 None0136@02 Z008v/wr4 EDTA3. 1 NM 2%shlaka O] #B¢9----------

------------ NH4O0H 29 (w/w)% Ashland [TB(")
EDTA. Fluka
DTPMP Monsanto |Dequest 20608
DMHP | Aldrich

5 (") TB-grade corresponds with a specification of maximal

100 ppt of metal ions in the chemical.

Example 1: Metal outplating from APM mixtures in presence
of different complexing agents

10 [o082] The efficiency of complexing agents to
suppress the deposition of wmetallic contamination onto
wafer surfaces was studied. This was done through
intentionally spiking well controlled trace amounts of
metallic contamination to cleaning solutions. For these

15 metal depogition tests, p-type monitor wafers with a

diameter of 150 mm and <100> orientation were used. The

i .
R

wafers were pre-cleaned using IMEC Clean ® in an automated

Steag wet bench (i.e. SOM + JHF + Oz-rinse rendering a

perfectly clean hydrophilic surface).

20 [0083] The metal deposition experiments were
performed in a static quartz tank with a quartz cover
plate. This tank was not equipped with a megasonic
transducer. APM mixtures were prepared containing 1 w-ppb
of different metals of interest with/without the

25 complexing agent added. The metals spiked to the APM bath

- were added from AAS-standard solutions (Mexck). After a

bath age of 5 minutes, three wafers were immersed for 10



10 1 272 16 ----mmmmmmeen oo e e e
- ‘ 1001-21-June 20058 274

-------- N
EDTA + DTPMP1+ 21257 t 2<DL 1 356t 32 1-EMHP (1)1----------- 0.51 0.02 -
101---68 - ----com-- I Y: 142 11292 1 1-EMHP (2)c-n-n-n--
_______ : 0'%02@51@&____________________ -t T 33 -- PélIQBE01100219

21

minutes, rinsed for 10 minutes in an overflow rinse tank
and dried with a commercially available Marangoni ‘drier
(STEAG) . The resulting metal contamination was measured
with straight TXRF or VPD-DSE-DC-TXRF (Vapor Phase
5 Decomposition -~ Droplet Surface Etching - Droplet
Collection Total X-Ray Fluorescence). Determination of Al
wafer surface concentration was done using VPD-DC GF-AAS
{Graphite Furnace Atomic Absorption Spectroscopy) .
[0084] An overview of the resulting metal surface
10 contamination after dipping a clean wafer in an APM spiked
with metals and different complexing agents is given in

Table 2.

Table 2: Measured metal surface concentrations after

immersion in metal contaminated 0.25/1/5 APM solution at 20-

50 °C with different complexing agents present.

Complexing Conc. CA | Conc. Mt Al Fe
agent (2.7%10°° M) {w-ppb) {(10%° at/cm®) (10*° at/cm?)
[Pre-clean only NA NA 2.32 <DL
None : 0 0 39.3 + 6 1.5 + 0.4
None 0 1 360 + 21 109 * 14
EDTA 1 1 NM 25.1 + 0.1
N 0 | 1 1272 £ 36 | SV
/ 100 )T i | 274 ] T 2.78
EDTA + DTPMP 1+ 2 1 257 + 2 <DL
1-EMHP (1) 1 1 356 £ 32 | 0.51 + 0.02
B 10 [T 1 142 + 68 | 0.23 |
1-EMHP (2) 1 1 292 * 1 0.20 # 0.00
N I SO T2 - N A~
50 1 0.5 + 0.2 0.26
2.4 + 1.4 0.16
2~EMHP 1 1 404 0.35 + 0.01
DT D R 17 | 248 £ g9 | 0.2277]
50 | s o.s+to.2 1 o0.i5 |
DEHP 1 1 369 + 0 0.33 * 0.01 |
T TIo T T 150 % as 0.92

1
DMHEP {(Aldrich) 1 1 392 + 0 0.45 + 0.01




2 --- - 0.5+

_______ {o---mmmee - NA - oo oo
0.2 -—---cn-- 50-- -- ----0.261 2.4 1.40.16 2- EMHP14040. 35210ufd.2005 1 248
B9 0 22 --cmmmm e e e e e meemmeaaooa 501---------
........................ 0.8 0.20.15 DEHP1 1 369 0 0.33 0.01
______________________ 10 1 --------
""""""" 0205 Tttt TTTTTTT " 1/00219
Tt WO el ™ T T T T B0 AL - v il PCH/BEH1/00215. . 0. 15
22
T ' 100+ 2 | 0.21 7
50 1 1.2 £ 0.1 NM
DMHE N T RO o }.387.%£0 |0.40 % 0.02 ]
10 1 230 + 5 0.18
PEHP 40 1 4.6 £ 0.2 | 0.14 + 0.0
PMHP 40 1 1.13 0.14 + 0.14
ECMHP 40 1 15.0 £ 0.5] 0.08 + 0.04
ECEHP 40 1 14.2 £ 1.7 0.15 % 0.05
[0085] These data show that the addition of EDTA
results in a decrease of the final Fe contamination levels
/, but has no effect on the reduction of Al contamination.
5 The use of DTPMP in a 1 w-ppb metal spiked bath, is very
efficient to reduce the final Fe surface concentration buk
has no effect on suppression of Al deposition.
[0086] The new class of pyridinone complexing
agents are able to reduce the final Fe and Al surface
10 concentration on the wafer. Higher concentrations of
complexing agent are needed because the pyridones do not
form a 1:1 metal/chelate complex. When using the’
pyridinones at a concentration of 13.25 x 10% M in the
bath, the resulting Fe and Al surface contamination levels
. 15 are below the values measured on a wafer treated with a
) clean, i.e. no metals spiked, ‘APM solution.

Example 2: Decomposition of beroxide in APM cleaning

mixtures in presence of trace metal contamination and
20 metal complexing agents. .

[0087] The effect of the addition of a complexing

agent to APM cleaning solutions on the kinetics of the .

decompogition reaction of Hx0: has been investigated. Well

controlled amounts of metallic contamination were added to

25 the cleaning mixture under study.



22.6 0.6 392 + 0 0.45 0.01 DMHP (Al drich)11l--- --- - --- -- ---- 21 June

961 PCTBEO1/ 00219 22 ---ccmcmmcmcceeee e ---213une 2005 - - - - -
2005 VID 02/051961 PCTBE01/00219 22 -- T 0l e
----101-------- so. 1-- -------------------------------------- 1 2 + 0.1NM
-1- 1 E%i$:_181E)-‘fl‘?fﬂ-;'}!\"{-ﬂ-ai:::::::::::"25,6_ 540 1 8. PEHP4014P§T’B6°%2124 0.0

: ECEHP40114.2 1.70.15
PMHPTOL1. 130. 14 - 0 .14 ECWVHPA0115.0 0,30.08 ]1: ED'(I)',AA: CEHPAO0LL4. 2
0. 05 [00851 These data show that the addiTion o

decrease of thelbbﬂﬁl Fe Conﬁa”hnﬁréé’é‘nlgé’%ﬁlde decomposes, an amount
of oxygen gas is liberated following the overall reaction
2 HpO3 ¢> Op + 2 Hy0
[00839] The decay of the total peroxide
5 concentration in the APM mixture can be monitored by
measuring the time-dependent increase of the pressure due

to the Og-evolution in a dedicated set-up as described by

Schmidt,
[0090] Numerical integration over time yields the
/ 10 actual peroxide concentration in the bath. It is

convenient to use peroxide concentrations normalized to

its initial value [Hy0,]; as

HyO
[H302), = 2222
[H2P);
[0091] Since the decomposition reaction is mainly

15 catalyzed by Fe and in a lesser content Cu (Mertens et al.
Proc. of the 5 Internat. Symp. on Cleaning Technology in
Semiconductor Device Manufacturing PV97-35 (1997), the
decay of peroxide concentration in a metal contaminated
bath and in presence of a CA, illustrates the ability of

20 complexing primarily Fe in the APM bath.

[0092] The decomposition rate as function of bath

age is determined in APM mixtures (0.25/1/5 29% NH40H/30%

‘\\_/"‘

H302/H20) spiked with 1 w-ppb of the metals of interest
with and without different complexing agents. The effect
25 of different additives on the inhibition of the metal
catalyzed decomposition reaction of peroxide in APM
cleaning mixtures is shown in Figure 2. This graph shows

the normalized Hy0, concentration as function of bath age

for an APM mixture at 50 O¢ spiked with different
30 complexing agents and the metals of interest.
[0093] All complexing agents are found to suppress

Lo some extent the decomposition reaction, at least when



but has no effect on the reduction of Al contam nation. 5 The use of DIPWP
inal wppb nmetal spiked bath, is very efficient to reducd! déne 2008al Fe
surface concentration but has no effect on suppression of A deposition.

[ 00861 The new cl ass of pyridinone conplexing agents are able to reduce
the final FeypgpghBlogsurface 10 concentration on the wafer. Hi 'gher
concentrations of conplexing agent are needed because thePf)'f/PF #%22 do not
forma 1:1 nmetal/chel ate conpl ex. Wen ugjlng the pyridinones at a
concentration of 13.25 x 10-4 Min the Dbath, the resulting Fe and Al
surface contam [ el.s IS5 are helow the val yes neasured on a wafer
treated with a e@%eﬁ%&iﬁ%ée.l%nﬁ% al gogp?%%l,CPAPI\#EEOI%‘PP’GRSS?‘Ba%‘F%DIE:
Deconposi ti on o¥apishmd deview APMnel eaThirg Xt Wees akBrphesance-of gyace
met al cont am nagi 20 al conpl exing agents. [0087) The effect of
the addition o?&% corrpql exi ﬁgfn%%‘geenqo"g’geﬁﬁﬁ?cﬁggﬂ? ng* sBPEEi GRECHR1EHELY

ki netics of theof detonpeisil-icompleacinothef hbR0RpMASTIE efk hVeSdH Ol Vel |
controlled agl)u‘?gl of metallic contam nation were-added to 25 the cleaning
m xture undef s u%g/. TELRURE 2865 RO EIPISTRA. PebBE0 19 09ugnapsi 4550881 As
hydrogen per oxiTebldecanpases,cadn BEDUMed Oft OX¥ gL | $nbki beEat&d; +
follow ng the ol\/ge Il reaction 2 H202 H 02 + 2 H20 [00891 The decay of the
total peroxide cofcentration in the APM ni xture can be nonitored by

measuring the tidt®4dependentIn ega@ase Of i he PIRISUEE-IUES a%t%h‘gj(ﬂher
02-evolution in_a dedi cated set-up as described by Schm dt. 0

b

Numeri cal i nt egrat iCRCEPEFREIRS yildiVes tRe. belougedualn petlaxi deleaning
concentratizm isolugobal Righte i 5 26@NYSRIENS LRKISELALT PN HE; concentrations
norrmalized to jts_injitial value [H202Ji as [H202J ﬁ{ 158 EaE g
complexing agent concentration, the effective lifetime of
the bath can be increased substantially. Increasing the
complexing agent concentration even further would result

in a more prolonged lifetime.



0 2Jn = 2 [H202 1i [0091] Since the deconposition reaction is mainly 15
catal yzed by Fe and in a lesser content Cu (Mertens et al. FHrdme 2005t he 5th
Internat. Synp. on C eaning Technology in Sem conductor Device

Manuf acturing PV97-35 (1997), the decay of peroxide concentration in a

met al cont amwipé@sisspat h and in presence of a CA ill ustrg&gﬁ J]}agzl@bl lity
of 20 conplexing primarily Fe in the APM bath. [00921 The ‘deconpdsition
rate as function of bath age is determpged in APM m xtures (0.25/1/S 29%
NHAOH 30% H2Q2/ H20) spiked with 1 wppb™of the netals of interest wth
and without different conplexing agents. The effect 25 of different
additives on the inhibition of the metal catalyzed deconposition reaction
of peroxide in APM Tebkan3 ngEfrfe(d:iuh% 15 eahiown ofn Johideidg ZBkScgr aph
shows the nornallz%g %%g ce%tratlo $s function of hath age for an
APM mi xture at 50 o i K §i't FRLERE AR USFpragi Ai=5Yere s2tand t he
net al s of interest.5&0ﬂQ31 AII coaneX|ng agents are found to suppress to
sonme extent the deconposition reaction, at |least when 21 June 2005 WO

02/ 051961 PCTBEOl/q9%§%124 t he m xt Ur €ons. fGRes Efiﬁctmyaalﬁﬁetih@
suppr essi on acti onf “VEHSHES BIRrL ng b S, be attrjbuted to fhe
destruction of thel conplexing agent nor e %p C|f|cal Vlnof t he

nmet al -conpl ex in t|Héoteot APM The t ne owver whj ch 5 theworenain acfive in
conpl exing netal s f§ }ﬁynnnlchd + Tablﬁ 3—a abl i sh
the effective Iife]?jE . [00941 In pxampte 1 it was demBfstrated tpat

hi gher CA concentrgtlgns have to bg userbin the cleaningp 10 sol ufion.
concent rati on, thq SHBE(Fe 11 feti i of L the bath can B8 | norcasell
substantially. Ingreasing the 10 50
1-EMHP (2) 1 60
10 20
2-EMHP 1 ' 30
10 40
DMHP FfU 1 40
10 100
DMHP Aldrich 1 20
10 60

W,



conpl exi ng agent concentration even further would result

in a nore
prolonged lifetine. 21 June 2005 WD 02/ 051961 PCTBEO1/ 002121 2@ner2(fice 3:

Effective lifetinme of conplexing agents in 0.25/1/5 netal spiked
APM cl eaning m xtures at 50 OC. Conc. CAEffective lifetinme Conplexing

agent (2. 7x3903,Miéi n) None040 DEHP140 10 120 :1 1- ENHP 1050
1-EMHP (2) 16001013\9%4631- %!‘%?‘g‘i?z’ﬁo 1060 21

EMHP130 1040 DVHP Ff U140 10100 DVHP

June 2005 WD 02/ 051961 PCTI BEO1/ 00219 26, CLAIMG 1. A conposi tion _
conpri sing an aqueous sol ution of an oxi‘dl zing conpound and a conplexing 5
conpound with the chemcal formula O R4, 1!l [ OH

CLAIMS

5

.10

15

20

25

30

1. A composition comprising an aqueous
solution of an oxidizing compound and a complexing
compound with the chemical formula

O
R4 OH

wherein R1, R2, R3, and R4 are selected from
the group consisting of H and any organic side chain.

2. A composition as recited in claim 1
further comprising an alkaline compound

3. A composition as recited in claim 1 and 2
wherein said organic side chain comprises an aliphatic
side chain, a heterocyclic side chain.or an aromatic gide
chain.

4. A composition as recited in claim 1 to 2
wherein R3 and R4 are hydrogen while Rl and R2 are a
functionalized aliphatic side chain.

5. A composition as recited in claim 1 to 4
wherein said complexing compound is one of the group
consisting of DEHP, 1-EMHP, 2-EMHP, DMHP, PEPH, DMHP,
ECMHP and ECEHP.

6. A composgition as recited in claim 1 to &
» Wherein said oxidizing compound is hydrogen peroxide.

7. A composition as recited in recited in
claim 2 to 6 wherein the said alkaline compound comprises
an inorganic or organic basic compound.

8. A composition as recited in claim 7,

wherein said alkaline compound is chosen from the group

consisting of ammonia and organic amine preferably an



R3~NR1 R2 . 10 wherein R1l, R2, R3, and R4 are selected from the group
consisting of H and any organic side chain. 2. A conpositi @i Jape@8@ited in
claiml further conprising an al kaline compound 3. A conposition as
recited in claiml and 2 wherein said organic side chain conprises an
aliphatic sjide chain, a heterocyclic side chain or an aromatic side 15
chain. 4. A k%ﬁﬁ@??@ion as recited inclaiml1l to 3 whereP@l/BEIARE R4 are
hydrogen while RL and R2 are a functionalized aliphatic side chain. 5. A
conposition as recited in claiml to 4 20 wherein said conpl exi ng conpound
is one of the group consisting of DEHP, |-EVHP, 2-EMHP, DWVHP, PEPH, PMHP,
ECMHP and ECEHPRTSNIL cAN3Ssi t ichrsas r dopmedthe cloxionpl tconSiswiwedsei afsai d

oxi di zi ng C°”pqﬁﬂﬂgkgg@igﬁﬁgﬁnm%ﬁﬁgékQSe 25 7. A conpositi%ﬂcas %ﬁgited in

recited in claim 6 wherein sard al kal i ne conpoun 85’ an
i norgani ¢ or org¥iizelhyiroxdipdailyl Snmdnoimakickiida) as andci teniaiakai m
7, wherein saigalkakine compound is chosen fromthe group 30 consisting
of amoni a and organi ¢ am ne preferably an 21 June 2005 WD 02/ 051951
PCTBEO1/ 0021® 27 5 organic & nad chosen ficamatheegiosd 0onsi skag of to

tetraal kyl ammony u i de, al kanol arg ne,. .. . ,
choline(hydroxg*t?p§%%§?a%%§nﬁﬁﬁwy r6§:&@?d&ﬁd“auéﬁWHPHad ddfpoliRbEcen. A
conposition as &.@Q0ilt ed B? waigtlc&i.m 2 to 8, wherein the anmount of oxidizing

o 5> Petween 0-00%010, 30 uSt % s £ CA oS LAD Badie Y O

to 7, wherein the amount of the complexing agent lies
] 10 between 0.1 and 1000 ppm of zaid solution.

11. A composition as in any of the claims 1
to 8, wherein the amount of the basic compound lies
between 0.001 and 30 weight%.

12. A composition as recited in claim 1 to 8

15 wherein the amount of oxidizing compound lies between
0.001 and 95 weight%.

13. A method for treating a semiconductor
substrate wherein said semiconductor substrate is treated
with a composition comprising an agqueous solution of a

20 complexing compound with the chemical formula

o)

) R4 OH
| |

R3” N7 R
R2

wherein R1l, R2, R3 and R4 are selected Ffrom
the group consisting of H and any organic side chain.
25 14. A method as recited in claim 13 wherein
said composition further comprises an oxidizing compound.
15. The method as recited in claim 13 wherein
said composition further comprises an alkaline compound.
16. The method as recited in claim 13 and 15

30 wherein said organic side chain comprigses an aliphatic



to 7, wherein the anount of the conplexing agent lies 10 between 0.1 and
1000 ppm of said solution. 11. A conposition as in any of “leuse2DBs 1 to
8, wherein the anount of the basic conpound lies between 0.001 and 30

wei ght% 12. A conposition as recited in claiml to 8 15 wherein the
anount of oxw&jﬂﬁgﬁlcorrpound lies between 0.001 and 95 weight.. 13. A

met hod for treating a seniconductor substrate wherein saf 2hduct or
substrate is treated w th a conposition,gonprising an aqueous sol ution of
a 20 conpl exing conpound with the cherri%él formula 0 R4, "X ,OHR3 'N
"Rl R2 wherei ns.%l, 52 R3 _ and R4 are selected from the group consisting
of H and any organ &&'He En&cherosralic £ife KbaiRsOF Rt BHORRLEF aF1HSL3
wherein said cgmdasition further conprises an oxidizing conpound. 15. The
method as recited in claim 13 wherein said conposition further conprises an
al kal i ne conpound. 16. The fet ABE BetheR| #edred tadhiim 1Fadnd 185 (L6
wherein sai d orn@@fe€nSirde §hQI R4CUHBY | BRSrferAl Pl | 1 2L kung,; 2003 WO

02/ 051961 PCI/ BEQ1/ 00219, 28_si de chain, a heterocyclic side chain or an

aromatic si mrsthorablzed @lipbRbic azidecieda-in claim 13 to 16 wherein
R3 and R4 are hydrogen whil agRl righdn&2h & ex ruiftlliact;ionalized sald phatic
side chain. 18. The nethod as recited in claim13 to 17 erei n sai

conpl exi ng conPBERELPs HBHE of ompkeginslp corpRgidt iy ofe DEHP, theEMARuUD
2-EMHP, DMHP, BERBLsPM®, oefECMED and BiEbP: l%wmme, omup, pEeE, pvmp,
ECMHP and ECEHP.

10 19. The method as recited in claim 14 to 18 ;
characterized in that said oxidizing cempound is hydrogen
peroxide.

20. The wmethod as recited in claim 15 to 19
characterized in that the alkaline compound compriges an

15 inorgenic or organic basic compound.

21. The method as recited in claim 20 wherein
gaid basic compound is chosen from the group consisting of
ammonia and organic amine, preferably an organic amine
chogen - from the group consigting of

20 tetraalkylammoniumhydroxide, alkanolamine,
choline (hydroxyltrialkylammoniumhydroxide) and guanidine

;i) compounds .
' 22, The method as recited in cléim i4 to 21,
wherein the amount of the oxidizing compound lies between
25 0.001 to 30 weight%.

23. The method as recited in c¢laim 15 to 21
wherein the amount of the alkaline compound lies between
0.001 and 30 weight%.

24. The method as recited -in claim 13 to 23

-30 wherein the amount of complexing compound lies between 0.1
ppm and 1000 ppm.

25, Use of a compogition as recited in claim
1l to 12 in the field of scil remediation, metal etch bath,

denture bleaching, bleaching of fats, oils, waxes,



19. The method as recited in claim14 to 18 , characterized in that said
oxi di zi ng conpound i s hydrogen peroxide. 20. The net hod ag1rkiee805in
claim15 to 19 characterized in that the al kaline conpound conprises an

15 inorganic or organi c basic conpound. 21. The method as recited in claim
20 wherein | i c conpound is chosen fromthe group consisting of
anmoni a and g@g%ﬁ%@ﬁanine, preferably an organic am ne cHJEEPRHn t he
group consi sting of 20 tetraal kyl anmoni ydr oxi de, al kanol am ne,

chol i ne(hydr oxyl tri al kyl anmoni unmhydr oxi and guani di ne conpounds. 22.
The method as recited in claim14 to 21, wherein the amount of the

oxi di zi ng conpdlE I PEET befhEBH Y 0 BRIASY 0 BBlRei Hhesshim, Theewetlfd as
recited in cl aibbebohing2l wherein the anount of the al kaline conpound Iies
between 0.001 and 30 weights. 24. The nmethod as recited -in claim13 to 23
30 wherein the anmobunt of conpl exing conpound |ies between 0.1 ppm and 1000
ppm 25. Use of a conposition as recited in claim 1 to 12 in the field of
soil remediation, netal etch bath, denture bl eaching, bleaching of fats,
oil's, waxes, 21 June 2005 WD 02/ 051961 PCTBEOL/ 00219 29 wast ewat er
treatnment, paper pulp bleaching, textile bleaching.





