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a substrzte and are interconnected through the use of

15 well known multilevel coplanar interconnects to form
functional circuits. Typical multilevel interconnects
are comprised of stacked thin-films consisting of, for
example, one or more of the following: titanium (Ti),
titanium nitrate (TiN), copper (Cu), aluminum (Al),

20 tungsten (W), tantalum (Ta), and various combinations
thereof. ' '

The traditional technique for forming functional

multilevel coplanar inte:connects has involved
planarizing the surface of the interconnects via

25 chemical-mechanical polishing (CMP). CMP involves the
concurrent chemical and mechanical polishing of an
overlying first layer to exposé the surface of a non-
planar second layer on which the first layer. has formed.
A more detailed explanation of chemical-mechanical

30 polishing is set forth in U.S. Patents 4,671,851,
4,910,155, and 4,944,836. |

CMP processes typically involve a polishing slurry

conD031tlon that contains abrasive partlcles, such as
'silica or alumina, in an acidic or basic solution.

35 Typical polishing slurry compositions are applied to the
semiconductor surface and then are washed from the wafer
surface with an aqueous solution after CMP is completed.




sem conductor surface and then are washed fromthe wafer surface with an

aqueous solution after CVMP is conpleted. WO 01/24242 PCT/ US0O0/ 25999 2

Al t hough aq&eous solutions are suitable for renmoving sonme of the polishing
e

slurry, th %0 | eave undesirable contaninants on tRETHENE%yr f ace.
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15 wafer. For example, U.S. Patent 4,051,057 discloses a
composition comprising a strong oxidizing agent that
removes copper oxides from a metal substrate. This
disclosed pickling composition, however, is not .
particularly suited for removing slurfy particle remnants

20 from semiconductor wafers. U.S. Patent 5,837,662
discloses a process for cleaning both slurry particle and
metal ion remnants, but the process involves two distinct
cleaning compositions: an oxidizing agent to remove
slurry particles and an acidic solution to remove metal

25 ions from the polished: semiconductor wafer.

Accordingly, a need remains for a composition and/or
method to clean contaminants from a semiconductor
surface, which contaminants originate from both the
polishing slurry composition and from the material being

30 polished. In particular, it would be highly desirable to
have a cleaning composition that removes both slurry
particle and metal ion remnants from a polished surface,
in order to minimize contamination of a wafer substrate
following CMP. Moreover, the cleaning composition

35 desirably does not remove metal ions from the metal
surface in order to minimize surface roughening. This
type of cleaning composition and/or method maximizes



have a cl eaning conposition that renoves both slurry particle and netal
lon remmants froma polished surface, in order to mnimze contam nation
of a waf egyggiBglsgate following CVP. Moreover, the cleapcrpsesmwesition 35
desirably does not renove netal ions fromthe netal surface in order to
m nim ze surface roughening. This type @& cleaning conposition and/or
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acid, and water. The.carbogyite Sophryt B @nk NExeEN¥RINI Ng 15 conpound,
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DESCRI PTI ON O di¥, RREGRRRED-EHMBIN MdNEmpound, a phosphonic acid,
and water. The carboxylic acid, the amine-containing
15 compound, and.the phosphonic acid can be selected to
tailor the cleéning composition to prqvide effective
cleaning of a variety of semiconductor surfaces of both
slurry particle and metal ion contaminants following CMP.
The present invention also provides a method of
20 cleaning a semiconductor following chemical-mechanical
polishing using the composition of the'present invention.
The method comprises contacting the polished
semiconductor surface with the cleaniﬁg composition of
the present invention. -
25 '
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides a cleaning composition
comprising a carboxylic acid, an amine-containing
compound, a phosphonic acid, and water. The composition
30 1is directed to cleaning slurry particle and metal ion
remnants from a semiconductor surface after the surface
has been chemically-mechanically polished.
The carboxylic acid of the present invention can be
any suitable carboxylic acid. Suitabie carboxylic acids
35 include, for example, formic, acetic, propionic, butyric,
valeric, citric, glycolic, lactic, tartaric, acrylic,

LY



The present invention provides a cleaning conposition conprising a
carboxylic acid, ran am ne-contai ni ng conpound, a phosphonic acid, and

wat er. The qu?péhtion 30 is directed to cleaning slurry ﬁJ 9gnd met al
ion remmants froma sem conductor surface after the surface as been
chem cal | y-nmechani cal |y paolished. The carbgxylic-acid of the present

i nvention can be any suitable carboxylic acid. Sui tabl e carboxrllc aci ds
35 include, for «gxa a ichr C eric,
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Any suitable amine- contalnlng compound (i.e., a

15 compound that contains at least one amine group) can be
used in the context of the present invention. Suitable
amine-containing compounds include methylamine,
dimethylamine, trimethylamine, ethylamine, diethylamine,
triethylamine, ethanolamine, diethanolamine,

20 diethanolamine cocate, triethanolamine, isopropanolamine,
diisopropanolamine, triisopropanolamine,
nitrosodiethanolamine, and mixtures thereof.

Desirably, the amine-containing compound is a
nonionic surfactant. Alternatively, or in addition, the

25 amine-containing compound desirably comprises at least
two amine groups. The amine-containing compound also can
comprise other groups, particularly an alcchol group.
Preferably, the amine-containing compound comprises at
least two amine groups and an alcohol group. Preferred

30 amine-containing compounds are diethanolamine,
diethanolamine cocate, nitrosodiethanolamine, and
mixtures thereof.

Any suitable amount of the amine-containing compound
can be used in the context of the present invention. The

35 amine-containing compound desirably is present in the
cleaning composition in an amount of about 10 wt.% or
less. Preferably, the amine-containing compound is



Desirably, the am ne-containing conpound is a nonionic surfactant. _
Alternatively, or in addition, the 25 am ne-containing conpound desirabl y
conpri sesyglyspast two am ne groups. The ami ne-contai ni perrgsoR@wd al so can
conprise other groups, particularly an al cohol group. Preferably, the

am ne-cont ai ni ng conpound conprises at Igeast two am ne groups and an

al cohol group. Preferred 30 am ne-contai ni ng conpounds are di et hanol am ne,

di et hanol am n%xfe%@fteunmthéOéP@BﬁA@%h@%&%mﬁnﬂn iﬂ%&% bheaseﬁt Any
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2 wt.%or IPesdt l\?bre preferably, the am ne-containing conpound is present
in the cl eani ng commysishitable phosghuminct acfidabesntbd waedsior thess, e. g.
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conposi tion (ﬁPf4¥%r%Eﬁ§?nEhe phosphonic acid contains three or more
phosphorous atoms, such as aminotris(méthylenephosphonic
15 acid). ' '
Any suitable amount of phosphonic acid can be
present in the cleaning composition of the present
invention. The phosphonic acid desirably is prezent in
the cleaning composifion in an amount of about 2 wt.% or
20 less. Preferably, the phosphonic acid is present in the
cleaning composition in an amount of about 1 wt.% or
less, e.g., about 0.1-0.5 wt.%.
The present invention also provides a method of
_ cleaning a semiconductor surface (or other suitable
25 surface) after the surface has been chemically-
mechanically polished. This method comprises contacting
a semiconductor after CMP with a cleaning composition as
described hérein. A semiconductor can be treated with the
cleaning composition by any suitable technique. For
30 example, the cleaning composition can be applied to the
substrate by brushing or spraying..
The pH of the cleaning composition of the present
invention is maintained in a range suitable for its
intended end-use. The cleaning composition desirably has
35 a pH of about 4-6. Preferably, the cleaning composition
has a pH of about 4.5-5.5.



i nvention. The phosphonic acid desirably:is present in the cleaning
conposition in an anount of about -2 wt.%or 20 |ess. Preferably, the
phosphonic acid is present in the ¢leaning conposition in_ an nt of
about 1 wt YRYP4M2ss e.g., about 0.1-0.5 wt.% The presérntr "ﬁ‘@éﬁ? % on al so
provides a nethod of cleaning a sem condyctor surf-ace (or other suitable
25 surface) after the surface has been ch cally mechanically pollshed
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cl eani ng corrposd,gl_}( qrimgggngel@sorycbgg to the substrate by brushing or
spraying.. The pH of the tleaning conposition of the present invention is

mai ntained in a range suitable for its intended end-use. The cl eaning
conpositionSdesirably has 35 a pH of aBS&8MPUEG. Preferably, the cleaning

conposi tion has a misaf cAliite 41303t BardlD G ULALPCHASU 28999 6 The
fol |l ow ng exanpl es further | ustrate the pres I nventi on
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reduci ng slurry particle remants and netal 1on remants on the surface of
a 10 substri&e agt de wafers were polished for 30 seconds with a
copper - cont am nat ed Feohur oyidd hes fietisdwerafmylsi shede foheB0 swingdd with =it her

of Lo, ¢l eani NGl baREandidect sSheRP! NInROTRIAE hoferd b PRpENt

i nventi-on conpri
P washe% with either of two cleaning solutions: (1) a

cleaning composition of the present invention comprising

15 0.5 wt.% citric acid, 0.2 wt.% aminotris(methylene
phosphonic acid), 0.02 wt.% diethanolamine cocate, and the
balance water, with a pH of 10,'or (2) an alternate
cleaning composition comprising 0.2 wt.%
aminotris(methylene phosphonic acid), 0.02 wt.%

20 diethanolamine cocate, and the balance water, with a pH of
10. Following the use of the cleaning compositions, the
light point defect (LPD at two different minimum threshold
values) (a measure of slurry particle remnants) and metal

ion remnant amount for copper (Cu) (at two different points

25 on the wafer) were determined, with the resulting data set

forth in Table 1.

Table 1: Slurry Particle/Metal Ion Remnant Removal

30

Cleaning 1LPD LPD cu (10*°/cm?)
Solution (0.17 pm) | (0.25 pm) | Center Edge
Invention 179 7 13.1 29.0
Invention 158 10 6.2 8.2
Alternate 368 23 35 48
Alternate 344 21 28.6 27.5

As is apparent from the data set forth in Table 1,
the cleaning composition of the present invention that




15 0.5 wt.%citric acid, 0.2 w.%aninotris(methylene phosphonic aci.d),
0.02 wt. % di et hanol am ne cocate, and the balance water, with g pH of 10,

or (2) arv&hﬁ,ﬁ ate cleaning conposition conprising O.p&piselRseso
am notri s(nethylene phosphonic acid), 0.02 wt.% 20 di et hanol am ne cocat e,
and the bal ance water, with a pH of 10.7 Followi ng the use of the cleaning

conpositions, the |I|ight point defect (LPD at two different m ni num _
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| nvention 158 10 6. 368 23 35.48 Alter nattgh 1}14 21 28.6

27.5 30 Aélsaﬁb‘ﬁaréﬂ Wﬁcflﬁ@rdapé & ¥iqe, MAfer BT € cl eani ng
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contai ned a cgr Pyt i %oihanaéfééﬂ?tlmme%aeéowsr Sbnirdnowrar ticle and
metal ion remants on t as .gaupar ed

to.the alternkt@® W%aﬂﬁ’ﬁi& 8’8%55'1’?‘%6?1‘1 t"ﬁ’a&n&'ﬁa ﬁé)?a%bﬂ?a??{ﬁ carll?oxyl ic 5
aci d. In parttbatadid thot centdeinadecaviestddonvachdthe cl eani ng conposition
that contgyned a. car boxylic acid had a |ower I'ight point defect (LPD) and

copper ion anount than the oxide vvaggg% h%ed with the cleaning
conposition that did not contain a %ﬁ@ c acid. 10 EXAMPLE 2
This example illustrates that the cleaning composition

of the present invention can be more successful in reducing -
slurry partidle remnants and metal ion"remnants on a

15 substrate when the cleaning composition has a pH in the
acidic range,;rather than a pH in the:alkaline range.

Two oxide wafers were polished for 30 seconds with a
copper-contaminated slurry. The oxide wafers were then
washed with either of two cleaning solutions: (1) a

20 cleaning composition comprising 0.5 wt;%scitric acid, 0.2
wt.% aminotris(methylene phosphonic aeid), 0.02 wt.$%
diethanolamine cocate, and the balance'water, with a pH of
5, or {2) a cleaning composition comprising 0.5 wt.® citric
acid, 0.2 wt.$% aminotris (methylene phosphonic acid), 0.02

25 wt.$% dlethanolamlne cocate, and the balance water, with a
pH of 10. Follow1ng the use of the cleanlng compositions,
the light point defect (LPD at two different minimum
threshold values) (a measure of slurry particle remnants)
and metal ion.remnant amount for copper {Cu) (at two

30 different points on the wafer) were determined, with the
resulting data set forth in Table 2.



This exanple illustrates that the cleaning conposition of the present

i nvention can be- nore successful in: redUC|ng slurry particle remmants and

metal ion remants. on a 15 substrate wheén the cl eani ng conposition has a pH
in the aciWP®#¥he, rather than a pHin the alkaline ra_rl% 9¥xi de

waf ers were polished for 30 seconds with a8 copper-contaninated slurry. The
oxi de wafers were then washed with either of two cleaning solutions: (1) a
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two 30 different points on the wafer) were determ ned, with the resulting
data set forth in TaBlseiB. apprOent2 424 REE UJ80@ 28898c8th Tabl ke i,iiir Yy
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Sol ut 0.17
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as conpare 0] al kal 1 ng._cl ean] ng _conposil
oxi de waf er masﬁ’@a%dmc E Fhetl%lcﬁ’\”éi g@é‘f?ﬁ'@%‘@ﬂpﬁ%ﬂ?l Rt RS ower | ght
poi nt defect (LPDpaning composition had a lower light point defect (LPD)

10 and copper ion amount than the oxide wafer washed with

the alkaline cleaning composition.

EXAMPLE 3
This example illustrates the excellent slurry particle
15 removal and metal ion removal properties of the cleaning
composition of the present invention, after application to
a substrate, as compared to an alternate cleaning
composition.
Four oxide wafers were polished for 30 seconds with a
20 copper-contaminated slurry. The oxide wafers were then
washed with either of two cleaning solutions: (1) a
cleaning composition of the present invention comprising
0.5 wt.% citric acid, 0.2 wt.% aminotris (methylene
phosphonic acid), 0.02 wt.% diethanolamine cocate, and the
25 balance water, with a pH of 5, or (2) an alternate cleaning
composition comprising 0.2 wt.% aminotris(methylene
phosphonic acid), 0.02 wt.% diethanolamine cocate, and the
balance water, with a pH of 10. Following the use of the
cleaning compositions, the light point defect (LPD at two
30 different minimum threshold values) (a measure of slurry
particle remnants) and metal ion remnant amount for copper
(Cu} (at two different points on the wafer) were
determined, with the resulting data set forth in Table 3.



10 and copper ion anount than the oxide wafer washed wth the alkaline

cl eani ng conposition. EXAVPLE 3 This exanple illustrates the excel I ent
slurry particle 15 renoval and netal ion renoval prop ‘%9
cl eani ng WO4 tion of the present invention, after a%‘ﬁ'ﬁ%’g 6 a

substrate, as conpared to an alternate cleaning conposition. Four OXI de

wafers were polished for 30 seconds with“a 20 copper-contam nated slurry.
The oxide wafers were then washed with either of two cleaning solutions:

(1) a cleaning conposition of the present invention conprising 0.5 wt.%
citric acid, (radlet 3% ahtimm rRax(tietlleyMehal Do Revovant Remdyal0. 02 w . %

di et hanol am ”th%%‘fﬁh phe 25 pah ance yahenaowykhz@ pH of |5, or (2) an
al ternate clgani n%é S|t|on cio H(grlsm . - ' s et hyl ene
phosphoni ¢ adi¥Plut3o82 w (it halfoPakthe | ConseE, de bal ance water,
with a pH of |OWI t he usle, of the eant ng ns, the |ight
poi nt def ect gﬁgﬁﬁ"i + n%su oy ‘f:zfut Ly “ e =3) (a neasure

of slurry pdititeinat copper (Cu)
the resulting

(at two diffdrigpintRen Nt S| 3 t he V\aq‘er) wer ¢g.
007 25990 9 Tabl¢ 3: Slurry

data set fortinin Tabl e B.__WO 01724227 PCTUS ' ‘

Particl e/ Met a%ﬁ%qu&%#e#@&@—e&m—ig poLpd-Bd (10104 cnp)
Solution (0.17 n) (0.25 pn) Center. Edge Alternate 368 23 35 48 Alternate
344 21 28.6 27.5 h@vggta@s?é&?t %13l thE. 8atd ¥ENtEYnl 12 FaB1b 3,4 As is

apparent from
tﬁg p?egenéo eFSa%gigg coﬁ%gg}gfgﬂnglghe preseJEEfHG%%%agg composi tion of

significantly reduces the slurry partlcle and metal ion
remnants on both oxide wafers on which it was used. The
alternate cleaning composition did not perform as well as
the cleaning composition of the presént invention. In

10 particular, the oxide wafers washed with the cleaning
composition of the present invention had a lower light
point defect (LPD) and copper ion amouﬁt than the oxide
wafers washed with the alternate cleaning composition.
This data aléo.demonstrates the importance of a

15 carboxylic abid in conjunction with the other components
of the cleaning composition of the preSent invention in
achieving good cleaning of slurry particle and metal ion

remnants.

20 EXAMPLE 4

This example further illustrates the excellent slurry
particle removal and metal ion removal properties of the
cleaning composition of the present invéntion, after
application to a substrate, as compared'to the alternate

25 cleaning composition.

Two oxide wafers were polished for 30 seconds with a
iron-contaminated slurry. The oxide wafers were then
washed with either of two cleaning solﬁtions: (1) a
cleaning composition of the present invention comprising

30 0.5 wt.% citfic acid, 0.2 wt.% aminotris(methylene
phosphonic acid), 0.02 wt.% diethanolamine cocate, and the
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cl eaning co 03|?|on of the present “1nventron, i cation
substrat e, g-"g cEhpR P comPABL Bl ensndbe 123h%lmtn§e§©ﬁgoéﬁ'3‘-?@ﬁ t"m/o oxi de
waf ers were pol ushﬁarémf m3fifman oftiSeshold &amégn @onbashpat e sluetiyy. The

oxi de wafers we Wt her . t WO cleanln ) Iutlons (1) a
cl eani ng conp ?’%l on oq?f \Qﬁﬁgﬁgse)seal{h ?“r?%ggt Il%rl;l LISt s g W0 citric
acid, 0.2 vvt % dhehotat Sreedhiferrnt pedspaopn cthe waferd. werey .

di et hanol am ne get&tkinca)dwibe M@ QYstd 2489 PEa 43R}/ 26988 uilctalmbance

wat er , hb @ pH of 5, or (2-r-':in alternate cleaning conposition
conpr|3|ng 2 w @6an1notr|s met hyl ene  phosphonic acid), 0.02 wt.%
di et hanol ani ne _€aeheed: LrYe PaghisheéMapab IomuﬁqmnﬁnﬁARemoyel Fol | owi ng
the use of the|bieheangng |amipositijqns the ghqlgmyeﬁ?ﬂefect }PD at two
di fferent m ni t hr esholld .val ues) asu e—of—stury partigl e
remants) and IgggPpld% r éﬁ% htd&fz ganter Edge

Alternate 344 21 3.4

172 7 1.9

1.5

Invention <0.7

As is apparent from the data set forth in Table 4,
the cleaning composition of the present invention

15 significantly reduces the slurry particle and metal ion
remnants on the oxide wafer on which it was used. The
data also demonstrate superior cleaning of slurry
particles and iron ions from the oxide wafer as compared
the
oxide wafer washed with the cleaning composition of the
present invention had a lower light point defect (LPD)

and iron ion amount than the oxide wafer washed with the

to the alternate cleaning composition. In particular,

20

alternate cleaning composition.
25 All of the references cited herein, including patents,
patent applications, and publications, are hereby
incorporated in their entireties by reference.

While this invention has been described with an
emphasis upon preferred embodiments, it will be obvious to
those of ordinary skill in the art that variations of the
preferred embodiments may be used and that it is intended
that the invention may be practiced otherwise than as

30

specifically described herein. Accordingly, this invention



(Fe) (at two different points on the wafer) were determned, wth the .
resulting data set forth in Table 4. 10 Table 4. Slurry Particle/ Metal 1on
Remmant ReRjygdnade! €aning LPD LPD Fe (1010/cnR) Sol uti orpcdritsshezsdde (0. 25 m)
Cent er Edge ternate 344 21 1.5 3.4 lInvention 172 7 <0.7 1.9 As is
apparent fromthe data set forth in Table ¢, the cleaning conposition of
the present invention 15 significantly reduces the slurry particle and

metal ion  remapt g, he H&f&f‘ﬁéﬁ%fl%ﬁsoén&m;fé}.sbﬁ w@@uqﬁec%e Iperjdata al so

denonstrate superior cleanin articles and 1ron_ions fromthe
oxi de wafer as EBAPSFRE Ofot ‘Fue“ﬁﬁ"@rlﬁ\ét %gcql%%ﬁeﬁg Xo‘f'%sﬁWBHm?n

particul ar, thec28imxi de wafer washed with the cl eaning conposition of the
present invention had a | ower |ight point defect (LPD) and iron ion anount
than the oxide wafer washed with the alternate cleaning conposition. 25
Al'l of the references cited herein, including patents, patent
applications, and publications, are hereby incorporated in their
entireties by reference. Wiile this invention has been described with an
enphasi s upon preferred enbodi nents, it will be obvious to 30 those of
ordinary skill in the art that variations of the preferred enbodi nents may
be used and that it is intended that the invention nay be practiced
otherwi se than as specifically described herein. Accordingly, this

i nvention WO 01124242 PCT/ US00/ 29999 11 includes all nodifications
enconpassed within the spirit and scope of the invention as defined by the
followng clainms. WO 01/24242 ¢ s PCT/ US00/ 25999




12 WHAT IS CLAIMED | § LWitgwpn, for cleaning abrasive particles
and netal ions from sjr"ml”@mﬂﬂﬂﬂenflms following 5 chem cal - mechani cal
pol i shi ng, | i ng a* carboxyki cs acid, an am ne-cont ai g und, a
phosphonicvgiﬁﬁébaand water. 2. The conposition of clain1€#ﬁgﬁ@@%?% sai d
10 conposition does not conprise a mneralypacid. 3. The conposition of
claim1, wherein said carboxylic acid is present in an anount of about 2
W .% or |ess, g fgﬁdﬁkjﬂ@ﬂﬁqsging conpound is present in an 15 anount of"
about 0.1 wt.%or less, and said phosphonic acid is present in an anount
of about 2 w.%or less. 4. The conposition of claim3, wherein said
carboxylic acid is skl ectrecdomposithengrfop cheeistg rprakiveOpéotickes
acetic, propionkgy nbé\liaw i onsY #rBh SemELbhd ¢to:|9!vva0@ﬂscfoh% ifig tartaric,
acrylic., succinic,, gluconic, 0 benzoi¢, salicylic acids, and nixtures
thereof. 5. TheChegMfcrstTeshagicat aPal 3ship@dr SR D8 €5FBB%YLIE aci d
conprises at | easidtven amichegiconphainifig démpearihosd phosphbndtaaoid, wherein
sai d carboxylign@g&%#égqnprises three acid groups. 30 7. The conposition of
claim 3, wherein sai carboxylic acid is citric acid. B. The conposition
of claim3, wherein said am ne- containing conpound is selected fromthe
group consisting 32 of michyoapbsétichnef hylain reg, whergghhgbad ne,
et hyl am ne, i e ' et ap) ; |_am_ne, ..di et hanol am ne,
diethanolan%ﬁe %%%%é%§{$?}g%%%n%%%n?hgsr}ﬁ%E%?@?%%%%lfﬁﬁg """" CL
M S WO OU24242 PCT/ USOQ 25999 13

3. The composition of claim 1, wherein said

carboxylic acid is present in an amount of about 2 wt.$%

or less, said amine-containing compound is present in an
15 amount of about 0.1 wt.?3 or less, and said phosphonic

acid is present in an amount of about 2 wt.% or less.

4, The composition of claim 3, wherein said
carboxylic acid is selected from the group consisting of
20 formic, acetic, propionic, butyric, valeric, citric,
glycolic, lactic, tartaric, acrylic, succinic, gluconic,
benzoic, salicylic acids, and mixtures thereof.

5. The composition of claim 3; wherein said
25 carboxylic acid comprises at least two acid groups.

6. The composition of claim 3, wherein said
carboxylic acid comprises three acid groups.

30 7. The composition of claim 3, wherein said
carboxylic acid is citric acid.

8. The composition of claim 3, wherein said amine-
containing compound is selected from the group consisting
35 of methylamine, dimethylamine, trimethylamine,
ethylamine, diethylamine, triethylamine, ethanolamine,
diethanolamine, diethanolamine cocate, triethanolamine,



i sopropanol am ne, di gy ' ' triisopropanol am ne, . .
ni tr osodi et hanol am nHImmﬂ mlslgmt hereof. 5 9. The conposition of claim
3, whereip saj m ne+« contai M ndg cédnpound i s a noni oni f nt. 10.

The conpo&otoi)&%‘gf claim 3, wherein said am ne- cont ai n?ﬁ’aﬂ%’f}ﬁ%ﬁnd
conprises at |least two am ne groups. 10.,11. The conposition of claim 3,
wherei n said am ne- containing conpound COnprises an al cohol group. 12. The

conposition of, ¢l ai ei p. .saj l he- cont ai ni ng compound i s

di et hanol am nelsé_)r?@gg.aéé%?va_%S/eﬁlasg?rpggp.ﬁig%ﬁee’ conposi tion of claim3,
wherein said YHiseRsAPenatemine ddteesedirrbareanigiougndonirterey of 20
1- hydr oxyet hyldixaree<fl, | - di phosphoni ¢ aci d, aminotris(methyl enephosphonic
acid), N carboxynet hyl am nomet hanephosphoni ¢ aci.d, 1- hydroxyet hane-1,

1- di phosphoni ¢ aci d, dial kyl phophonates, dial kyl al kyl phosphonates, and
m xtures tBereof. 25 14Thqheompagiddion of elaémadmviereimesaid amine-
phosphoni ¢ acidgbrt@ihah§Scéb@endhias phabaisnat 0Oskrfactantlhe conposition of
claim 13, wherein said 30 phosphonic acid is am notris(methyl enephosphonic
acid). 16. The conposition of claim3, wherein said conposition has a pH
of about 4 to aboutt96. 3Be1qemposidtiend ofofleiBad rMhereitaspadneminieom t he

surface of a sHteOREHG! ESmYGIRI cHiped sbBeaterdaanding @ninvabesupas been
chem cal | é—omachanl cally polished, the 111111112112112111112112121 1l 1111 WO

01/24242 C°L N S PCT/ US00/ 25999 14 nethod conpr3:1ing contacting the
sukf' ce of the 11. The composition of claim 3, wherein said amine-

containing compound comprises an alcohol group.

12. The composition of claim 11, wherein said
15 amine-containing compound is diethanolamine or a
derivative thereof.

13. The composition of claim 3, wherein said
phosphonic acid is selected from the group consisting of
20 1l-hydroxyethylidene-1,1l-diphosphonic acid,

: aminotris(methylenephosphonic acid), N-
carboxymethyiaminomethanephosphonic écid, 1-
hydroxyethane-1,1-diphosphonic acid, dialkyl phophonates,
dialkyl alkylphosphonates, and mixtures thereof.

25 | |
14. The composition of claim 13, wherein said
phosphonic acid contains three phosphorous atoms.

15. The composition of claim 13, wherein said
30 phosphonic acid is aminotris(methylenephbsphonic acid}.

16. The composition of claim 3) wherein said
composition has a pH of about 4 to about 6.

35 17. A method for cleaning contaminants from the
surface of a semiconductor wafer after the semiconductor
wafer has been chemically-mechanically polished, the



sem conductor waf er havj tlcle and netal i on contam nants
with a corrp05| tion co ﬂ [ myl I ¢:'aci d, an am ne-cont ai ni ng
18. The met hod of claim 17,

conpound, a 5 &osphor _
#Mosi ti on does not conprise a mneral aciBCT/YSPORE The

wherei n sai¥e

met hod of claim 17, wherein said carboxylic acid is present in an anount

of about 2
anount of

an amount of abBgFR9 mf°‘5/%’6’rsﬁn&§°nf3c’2'6ngTﬁ

W .

about 0 1 W . %.0r. | ess, and said ho_ honic acid is present

said carboxyli cseattdndscset ecfed hamghebgasime qmrs::sﬂjen@mlf mbaelic,
acetic, propi onk gn Q Yihfna Q{llt(fl ac;gfn gflgi ,@rd_glql% C. Xt artaric,

acrylic, succinic, uconi ¢, benzol c

tures

t hereof . 21. ThEaﬁB?ﬁiﬁﬁl%facc’idal rﬁnlgmlﬁﬁeF@?ﬁa%%Hc%W rc® acid

conpri ses at5| ephbsphoniciatigt,oumsl wad%e22. The nethod of claim 19, wherei

said carboxylic acid conprises three acid groups. 23. The nethod of cl ai

19, wherein said carboxylic acid is citric acid. 30 24. The method of
claim 19, wherein sat@- athemeddRcardi faeBnpburthereideisédded from the

group consi sti ngompbsieidry|drdsnaotdicorplbykani neindsdImeidid.am ne,
di ethyl am ne, triethylam ne, ethanolam ne, 35 di et hanol am ne,

di et hanol ani ne cocate, triethanolam ne, i sogropanol am ne,

et hyl am ne,

di i sopropa

nt? ani ne, 194118 rethed) of1ciaimg

PCTI US00/ 25999 a&hbd isipsegmmpdmobanamneundi &f casslitethanqlsagneesand
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35

said amine-containing compound is present in an amount of
about 0.1 wt.% or less, and said phosphonic acid is
present in an amount of about 2 wt.% or less.

20. The method of claim 19, wherein said carboxylic
acid is selected from the group consisting of formic,
acetic, propionic, butyric, valeric, citric, glycolic,
lactic, tartaric, acrylic, succinic, gluconic, benzoic,
salicylic acid, and mixtures thereof.

21. The method of claim 19, wherein said carboxylic
acid comprises at least two acid groups.

22. The method of claim 19, wherein said carboxylic
acid comprises three acid groups.

23. The method of claim 19, wherein said carboxylic
acid is citric acid.

24. The method of claim 19, wherein said amine-
containing compound is selected from the group consisting
of methylamine, dimethylamine, trimethylamine,
ethylamine, diethylamine, triethylamine, ethanolamine,
diethanolamine, diethanolamine cocate, triethanolamine,
isopropanolamine, diisopropanolamine,

% or less, said anine-contatfi ng conpound is present in an

in

Ao Item 19, wherein

141 Mhere ipp sgido axboRyLig S *



t hereof. 25. The net ' wherein said am ne- 5 containing
conmpound is a noni onm I,E”i&ﬁilﬂ . The nethod of claim19, wherein sai d
anmi ne- COQjoRii1BkAAY CO at | east two am nepgi-,gmgs,”lo 27. The
met hod of cla|n119 mhereln sai d am ne cont ai ni ng conpound conprises an

al cohol group. 28. The nethod of claim 2{g wherein said am ne- containing
conpound i s diethanol am ne or a derivative 15 thereof. 29. The nethod of

claim 19, whergin SArdpRAGSRRAIL C nidcbdobis e BRASST S8, O%Eihﬁlﬁ‘é&k'@s
consi sting of 1- hydroxyethylidene-1, 1-di phosphonic acid,

an1notr|s(netﬁﬁQQﬁgﬁhosphonlc acid), N carboxynethylan1nonethanephosphonic
acid, 1- hydroxyethane-1, 1-di phosphoni ¢ acid, dial kyl phophonates, dialkyl

al kyl phosphonat es, zand #he i @nd %%m2§930whéf£@n{r%rafladaﬁanelal m 29,

wher ei n sai d phosphonic acid contains thr horous atons. 31. The
met hod of &l auciﬂni@ln\?vﬁgr EPRPRURY %&BHBHPBlCa%‘F jctant.

am not ri s(net hyl enephosphoni c acid). 30 32. The method of claim19, wherein
said conposition 5%% aTHE{ﬁEtﬁHHNSf %IEQma?QytwﬂErein said amine-

containing compound comprises at least two amine groups.

10 27. The method of claim 19, wherein said amine-
containing compound comprises an alcohol group.

28. The method of claim 27, wherein said amine-
containing compound is diethanolamine or a derivative
15 thereof.

29. The method of claim 19, wherein said phosphonic
acid is selected from the group consisting of 1-
hydroxyethylidene-1, 1-diphosphonic acid,

20 aminotris (methylenephosphonic acid), N-
carboxymethylaminomethanephosphonic acid, 1-
hydroxyethane—l,1—diphbsphonic acid, dialkyl phophonates,
dialkyl alkylphosphonates, and mixtures thereof.

25 30. The method of claim 29, wherein said phosphonic
acid contains three phosphorous atoms.

31. The method of claim 29, wherein said phosphonic
acid is aminotris (methylenephosphonic acid).
30
32. The method of claim 19, wherein said
composition has a pH of about 4 to about 6.



