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A post chemical-mechanical-polishing (post-CMP) cleaning composition comprising a specific 
sulfur-containing compound and a sugar alcohol or a polycarboxyiic acid 

Description 
5 

Field of the Invention 

This invention essentially relates to a post chemical-mechanical-polishing (post-CMP) cleaning 
composition and its use for removing residues and contaminants from the surface of semicon-

10 ductor substrates. Moreover, this invention relates to the use of the post CMP cleaning compo­
sition for removing residues and contaminants comprising benzotriazole after CMP. Particularly, 
this invention relates to the use of the post CMP cleaning composition for removing residues 
and contaminants from the surface of semiconductor substrates comprising electrically conduc­
tive layers (such as copper layers), electrically insulating dielectric layers (such as low-k or ultra-

15 low-k dielectric material layers) and barrier layers (such as tantalum, tantalum nitride, titanium 
nitride or ruthenium layers) after CMP. 

Description of the Prior Art 

20 In the semiconductor industry, chemical mechanical polishing (abbreviated as CMP) is a well-
known technology applied in fabricating advanced photonic, microelectromechanical, and mi-

. croelectronic materials and devices, such as semiconductor wafers. 

During the fabrication of materials and devices used in the semiconductor Industry, CMP is errt-
25 ployed to planarize metal and/or oxide surfaces. CMP utilizes the interplay of chemical and me­

chanical action to achieve the planarity of the to-be-polished surfaces. The CMP process itself 
involves holding and rotating a thin, flat substrate of the semiconductor device against a wetted 
polishing pad under controlled pressure and temperature In the presence of CMP slurries. The 
CMP slurries contain abrasive materials and various chemical additives as appropriate to the 

30 specific CMP process and requirements. Following the CMP process, contaminants and resi­
dues comprising particles from the CMP slurries, added chemicals, and reaction by-products 
remain on the polished substrate surface. These residues that are left on the substrates follow­
ing CMP processing can also include corrosion inhibitor compounds such as benzotriazole 
(BTA), which can - if for example the copper ion concentration exceeds the maximum solubility 

35 of the copper-inhibitor complexes during CMP - precipitate from solution and coagulate into a 
surface residue. In addition, the polishing of a substrate surface having copper/iow-k or ultra-
low-k dielectric materials often generates carbon-rich particles that settle onto the surface after 
CMP. 

40 However, all residues and contaminants must be removed prior to any further steps in the mi­
croelectronic device fabrication process to avoid degradation of the device reliability and intro­
duction of defects into the microelectronic devices. 
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in the state of the art, post-CMP cleaning compositions comprising sugar alcohols or derivatives 
thereof are known and described, for instance, in the following references. 

US 7922823 B2 discloses a method of processing a microelectronic device substrate to remove 
5 undesired material' therefrom, said method comprising contacting the microelectronic device 

substrate after CMP with an effective amount of a composition comprising (i) alkanoiamine, (ii) 
quaternary ammonium hydroxide and (iii) a specific compiexing agent, wherein the complexing 
agent can include - inter alia - glycerol, sorbitol, xylitol, with the provision that the complexing 
agent does not include citric acid. A composition AP described in US 7922823 B2 contains 9% 

10 monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.8% sorbitol, balance water and 
shows good cleaning efficacy. 

In the state of the art, post-CMP cleaning compositions comprising polycarboxylic acids are 
known and described, for instance, in the following references. 

15 
US 7087562 B2 discloses a post-CMP washing liquid composition consisting of one type or two 
or more types of aliphatic polycarboxylic acids and one type or two or more types selected from 
the group consisting of glyoxyiic acid, ascorbic acid, glucose, fructose, lactose, and mannose, 
the washing liquid composition having a pH of less than 3.0. 

20 
US 2010/0286014 A1 discloses an acidic composition comprising at least one surfactant, at 
least one dispersing agent, at least one sulfonic acid-containing hydrocarbon, and water, where­
in said acidic composition is suitable for cleaning residue and contaminants from a microelec­
tronic device having said residue and contaminants thereon. For example, the composition 

25 comprises one of the formulations A, B or C: alkyibenzene suifonic acid, polyacrylic acid and 
methane suifonic acid (formulation A); dodecylbenzene suifonic acid, polyacrylic acid and me­
thane sulfonic acid (formulation B); or dodecylbenzene sulfonic acid, polyacrylic acid, methane 
sulfonic acid, and citric acid (formulation C). 

30 In the state of the art, post-CMP cleaning compositions containing a compound comprising a 
thiol, thioether or thiocarbonyl group are known and described, for instance, in the following ref­
erences. 

US 2005/0197266 A1 discloses a composition for cleaning a semiconductor workpiece, the 
35 composition comprising: 

(a) a cleaning agent selected from the group consisting of: (i) ammonium citrate; (ii) ammonium 
oxalate; (iii) aspartic acid; (iv) benzoic acid; (v) citric acid; (vi) cysteine; (vii) glycine; (viii) glucon­
ic acid; (ix) glutamic acid; (x) histidine; (xi) maleic acid; (xii) oxalic acid; (xiii) propionic acid; (xiv) 
salicylic acid; (xv) tartaric acid; (xvi) and mixtures thereof; and 

40 (b) a corrosion-inhibiting compound is selected from the group consisting of: (i) ascorbic acid; 
(ii) benzotriazole; (iii) caffeic acid; (iv) cinnamic acid; (v) cysteine; (vi) glucose; (vii) imidazole; 
(viii) mercaptothiazoline; (ix) mercaptoethanol; (x) mercaptopropionic acid; (xi) mercaptobenzo-
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thiazole; (xii) mercaptomethylimidazoie; (xiii) tannic acid; (xiv) thiogiycerol; (xv) thiosalicylic ac­
id; (xvi) triazole; (xvii) vanillin; (xviii) vanillic acid; (xix) and mixtures thereof. For example, the 
cleaning composition comprises ammonium citrate, ascorbic acid, and cysteine. 

5 WO 2011/000694 A1 discloses an aqueous alkaline cleaning composition comprising (a) at 
ieast one thioamino acid having at least one primary amino group and at least one mercapto 
group, (b) at ieast one quaternary ammonium hydroxide, (c) at least one specific chelating 
and/or corrosion inhibiting agent, and (d) at least one organic solvent having wetting properties 
and a melting point below 0°C. For example, the cleaning composition comprises L-cysteine, 

10 tetramethylammonium hydroxide (referred to as TMAH in the following), ethylene diamine, and 
diethylene glycol monobutyi ether. 

WO 2011/000758 A1 discloses an aqueous alkaline cleaning composition comprising (a) at 
least one thioamino acid having at least one secondary or tertiary amino group and at least one 

15 mercapto group and, and (b) at ieast one quaternary ammonium hydroxide. For example, the 
cleaning composition comprises N-acetyicysteine, TMAH, ethylene diamine, and diethylene 
glycol monobutyi ether. In another example, the cleaning composition comprises N-
acetylcysteine, TMAH, diethylene triamine, 1,2,4-triazole, citric acid, and a surfactant such as 
3,5-dimethyl-1-hexyn-3-ol or polyoxyethylene sorbitan laurate, 

20 
Objects of the invention 

One of the objects of the present invention was to provide a post-CMP cleaning composition 
and a post-CMP cleaning process appropriate for post-CMP cleaning of copper-containing mi-

25 croelectronic substrates and showing an improved cleaning performance, particularly 
(i) the effective prevention of undesirable corrosion of copper-containing surfaces, or 
(ii) high efficiency of removing residues and contaminants which remained after the CMP 

step, or 
(iii) high efficiency of removing passivation films, especially benzotriazole films, from copper-

30 containing surfaces, or 
(iv) applicability in moderate pH range such as from 4 to 8, or 
(v) the combination of (i) to (iv). 

Furthermore, one of the objects of the present invention was to provide a post-CMP cleaning 
composition containing no or minima! amounts of organic solvents which can cause environ-

35 mental and safety concerns. Moreover, one of the objects of the present invention was to pro­
vide a post-CMP cleaning composition which does not cause an increase of surface roughness 
of the copper-containing surface or an increase of defects thereon. Last but not least, a post-
CMP cleaning process was sought that is easy to apply and requires as few steps as possible. 

40 Summary of the Invention 

Accordingly, a post-CMP cleaning composition comprising: 
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(A) at least one compound comprising at least one thiol (-SH), thioether (-SR1) or 

thiocarbonyl (>C=S) group, wherein R1 is alkyi, aryl, alkylaryl or arylaikyl, 

(B) at ieast one sugar alcohol which contains at least three hydroxyl (-OH) groups 

and does not comprise any carboxylic acid (-COOH) or carboxylate (-COO-) 

5 groups, and 

(C) an aqueous medium 
was found. This post-CMP cleaning composition of the invention is referred to as (Q1) or com­
position (Q1) in the following. 

10 According to another aspect of the invention, a post-CMP cleaning composition comprising: 

(A) at least one compound comprising at least one thiol (-SH), thioether (-SR1) or 

thiocarbonyl (>C=S) group, wherein R1 is aikyl, aryl, afkylaryl or arylalkyi, 

(L) at least one oligomeric or polymeric polycarboxylic acid, and 

(C) an aqueous medium 
15 was found. This post-CMP cleaning composition of the invention is referred to as (Q2) or com­

position (Q2) in the following. 

(Q1) and/or (Q2) are generally referred to as (Q) or composition (Q) in the following. 

20 Moreover, the use of the composition (Q) for removing residues and contaminants from the sur­
face of semiconductor substrates useful for manufacturing microelectronic devices was found. 

Furthermore, the process for manufacturing microelectronic devices from semiconductor sub­
strates comprising the step of removing residues and contaminants from the surface of the sem-

25 iconductor substrates by contacting them at least once with the composition (Q) was found. This 
process of the invention is referred to as the process (P) in the following. 

Preferred embodiments are explained in the claims and the specification. It is understood that 
combinations of preferred embodiments are within the scope of the present invention. 

30 
Advantages of the Invention 

In view of the prior art discussed above, it was surprising and could not be expected by the per­
son skilled in the art that the objects underlying the present invention could be solved by the 

35 composition (Q) and by the process (P). 

It was particularly surprising that the composition (Q) and the process (P) were excellently suit­
ed for post-processing substrates useful for fabricating electrical devices, in particular, semi­
conductor integrated circuits (ICs), more preferably ICs with LSI (large-scale integration) or VLSI 

40 (very-large-scale integration). It was even more surprising that the composition (Q) and the pro­
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cess (P) were most excellently suited for high precision fabrication methods involving inter aiia 
surface preparation, pre-plating cleaning, post-etch cleaning and/or post-CMP cleaning steps. 
The composition (Q) and the process (P) were most particularly well-suited for carrying out the 
above-mentioned cleaning steps, in particular, the post-CMP cleaning of semiconductor wafers 

5 and the fabrication of ICs with LSI or VLSI, in particular by the copper damascene or dual dam­
ascene process. 

All kinds of residues and contaminants generated during the substrate surface preparation, 
deposition, plating, etching and CMP - particularly during CMP - were removed most efficiently 

10 by the composition (Q) and by the process (P), and it was ensured that the substrates, in partic­
ular the ICs, were free from residues and contaminants that would have otherwise deleteriously 
affected the functions of the electrical and optical devices, in particular the ICs, or would have 
rendered them even useless for their intended functions, in particular, the scratching, etching 
and roughening of the copper metallization in damascene structures were prevented by the 

15 composition (Q) and by the process (P). Furthermore, the passivation film, especially the ben­
zotriazole film, was also completely removed from the copper-containing surfaces by the com­
position (Q) and the process (P). Moreover, the corrosion of the copper-containing surfaces was 
prevented by the composition (Q) and the process (P). Last but not least, the composition (Q) 
and the process (P) were applicable in moderate pH range such as from 4 to 8. 

20 
Detailed Description of the Invention 

The composition (Q) is used for removing residues and contaminants from the surface of semi­
conductor substrates useful for manufacturing microelectronic devices. Said residues and con-

25 taminants can be any residues and contaminants, including but not limited to abrasive particles, 
processing residues, metal oxides including copper oxide, metallic ions, salts, passivation films, 
and abraded or decomposed low-k or ultra-low-k dielectric materials. Said residues and contam­
inants preferably comprise a passivation film, more preferably comprise an /V-heterocyciic com­
pound, most preferably comprise diazoles, triazoies, tetrazoles, or a derivative thereof, particu-

30 lariy preferably comprise benzotriazole, or a derivative thereof, for instance comprise benzotria­
zole. Particularly, (Q) is used for removing residues and contaminants comprising benzotriazole 
or a derivative thereof from the copper-containing surface of semiconductor substrate after 
CMP. For example, (Q) is used for removing a passivation film comprising benzotriazole from 
the copper-containing surface of a semiconductor substrate after CMP. 

35 
Preferably, the composition (Q) is used for removing residues and contaminants from the sur­
face of semiconductor substrates useful for manufacturing microelectronic devices after CMP. 
More preferably, the composition (Q) is used for removing residues and contaminants from said 
surface after said surface has been polished in a CMP step. 

40 
Said semiconductor substrates preferably comprise electrically conductive layers, electrically 
insulating dielectric layers and barrier layers, more preferably comprise 



6 
- electrically conductive layers containing or consisting of copper, 
- electrically insulating dielectric layers consisting of low-k or ultra-low-k dielectric materials, 

and 
- barrier layers containing or consisting of tantalum, tantalum nitride, titanium nitride, cobalt, 

5 nickel, manganese, ruthenium, ruthenium-nitride, ruthenium-carbide, or ruthenium tungsten 
nitride. 

Although the composition (Q) can be advantageously used for other purposes, it is particularly 
well-suited for the process (P). 

10 
Microelectronic devices can be manufactured from semiconductor substrates by the process 
(P), the process (P) comprises the step of removing residues and contaminants from the sur­
face of semiconductor substrates by contacting them at least once with the composition (Q). 
Said residues and contaminants preferably comprise a passivation film, more preferably com-

15 prise an /V-heterocyciic compound, most preferably comprise diazoles, triazoles, tetrazoies, or a 
derivative thereof, particularly preferably comprise benzotriazole, or a derivative thereof, for in­
stance comprise benzotriazole. Particularly, (P) comprises the step of removing residues and 
contaminants comprising benzotriazole or a derivative thereof from the copper-containing sur­
face of semiconductor substrates by contacting them at least once with (Q). 

20 
Preferably, the process (P) comprises the step of removing residues and contaminants from the 
surface of semiconductor substrates by contacting them at least once with the composition (Q) 
after CMP. More preferably, process (P) comprises the step of removing residues and contami­
nants from the surface of semiconductor substrates by contacting them at least once with the 

25 composition (Q) after said surface has been polished in a CMP step. 

The process (P) cannot only be used for the post-CMP cleaning but also for photoresists strip­
ping and post-etch residue removal. However, the process (P) exhibits its particular advantages 
in the post-CMP cleaning of the above-described semiconductor substrates. 

30 
The composition (Q) comprises at least one compound (A) comprising at least one thiol (-SH), 
thioether (-SR1) or thiocarbonyl (>C=S) group, wherein R1 is alkyl, aryl, alkylaryl or arylalkyl. 
Preferably, the composition (Q) comprises one compound (A). 

35 In general, the compound (A) can be contained in varying amounts in the composition (Q), and 
the amounts or the concentration of (A) can be adjusted most advantageously according to the 
particular requirements of a given composition, use and method of the invention. The amount of 
(A) is preferably not more than 1.5 weight percent (referred to as "wt.%" in the following), more 
preferably not more than 0.5 wt.%, most preferably not more than 0.1 wt.%, particularly not 

40 more than 0.07 wt.%, for example not more than 0.05 wt.%, based on the total weight of the 
composition (Q). The amount of (A) is preferably at least 0.0005 wt.%, more preferably at least 
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0.001 wt.%, most preferably at ieast 0.004 wt.%, particuiariy at ieast 0.01 wt.%, for exampie at 
least 0.03 wt.%, based on the total weight of the composition (Q). 
Preferably, the compound (A) is a compound comprising 
(A1) at ieast one thiol (~SH), thioether (-SR1), or thiocarbonyl (>C=S) group and 

5 (A2) at least one amino (~NH2, -NHR2, or -NR3R4) group, 
wherein R1, R2, R3 and R4 is - independently from each other - aikyl, aryl, alkylaryl or arylalkyl. 
For the (A2) part, generally amino groups -NH2 and -NHR2 are more preferred, and amino 
groups -NH2 are most preferred. 

10 According to one embodiment, the compound (A) is preferably a compound comprising 
(A1) at least one thiocarbonyl (>C=S) group and 
(A2) at ieast one amino (-NH2, -NHR2, or-NR3R4) group, 
wherein R2, R3 and R4 is - independently from each other - aikyl, aryl, alkylaryl or arylalkyl. 
More preferably, (A) is a compound comprising 

15 (A1) one thiocarbonyl (>C=S) group and 
(A2) at least two amino (-NH2, -NHR2, or ~NR3R4) groups. 
Most preferably, (A) is thiourea or a derivative thereof. Particularly, (A) is thiourea. 

According to another embodiment, the compound (A) is preferably a compound comprising 
20 (A1) at least one thiol (-SH), orthioether (-SR1) group, and 

(A2) at least one amino (-NH2, -NHR2, or -NR3R4) group, 
wherein R1, R2, R3 and R4 is - independently from each other - aikyl, aryl, alkylaryl or arylalkyl. 
More preferably, (A) is an amino acid comprising at ieast one thiol (-SH) or thioether (-SR1) 
group, or a derivative of this amino acid, wherein R1 is aikyl, aryl, alkylaryl or arylalkyl. Most 

25 preferably, (A) is an amino acid comprising at least one thiol (-SH) group or a derivative of this 
amino acid. Particularly, (A) is an amino acid comprising one thiol (-SH) group or a derivative of 
this amino acid. Particuiariy preferably, (A) is cysteine, cystine, glutathione, N-acetylcysteine, or 
a derivative thereof. For example, (A) is cysteine or N-acetyicysteine. 

30 R1 can generally be any substituted or unsubstituted aikyl, aryl, alkylaryl, or arylalkyl group. R1 is 
preferably aikyl, more preferabiy unsubstituted aikyl, most preferably C1 to C20 aikyl, particularly 
C1 to C10 aikyl, for exampie C1 to C4 aikyl. 

R2 can generally be any substituted or unsubstituted aikyl, aryl, alkylaryl, or arylalkyl group. R2 is 
35 preferably aikyl, more preferably unsubstituted aikyl, most preferabiy C1 to C20 aikyl, particuiariy 

C1 to C10 aikyl, for example C1 to C4 aikyl. 

R3 can generally be any substituted or unsubstituted alkyi, aryl, alkyiaryi, or arylalkyl group. R3 is 
preferabiy alkyi, more preferably unsubstituted aikyl, most preferabiy C1 to C20 aikyl, particuiariy 

40 C1 to C10 aikyl, for example C1 to C4 aikyi. 
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R4 can generally be any substituted or unsubstituted aikyl, aryl, alkylaryl, or arylalkyl group. RA is 
preferably alkyi, more preferably unsubstituted alkyi, most preferably Ci to C20 alkyi, particularly 
C1 to C10 aikyl, for example C1 to C4 aikyl, 

5 The composition (Q1) comprises at least one sugar alcohol which contains at least three hy-
droxyl (-OH) groups and does not comprise any carboxylic acid (-COOH) or carboxyfate (-
COO") groups. The composition (Q2) can further optionally comprise at least one sugar alcohol 
which contains at least three hydroxyl (-OH) groups and does not comprise any carboxylic acid 
(-COOH) or carboxyfate (-COO) groups. 

10 
Generally, said sugar alcohol (B) can be contained in varying amounts in the composition (Q), 
and the amounts or the concentration of (B) can be adjusted most advantageously according to 
the particular requirements of a given composition, use and method of the invention. Preferably, 
the amount of (B) is not more than 1.5 wt.%, more preferably not more than 0.5 wt.%, most 

15 preferably not more than 0.2 wt.%, particularly not more than 0.1 wt.%, for example not more 
than 0.06 wt.%, based on the total weight of the composition (Q). Preferably, the amount of (B) 
is at least 0.0005 wt.%, more preferably at least 0.001 wt.%, most preferably at least 0.007 
wt.%, particularly at ieast 0.02 wt.%, for example at least 0.04 wt.%, based on the total weight of 
the composition (Q). 

20 
In .general, a sugar alcohol is a hydrogenated form of carbohydrate, of which a carbonyl group 
or acetal group has been reduced to a primary or secondary, hydroxyl group. 

Said sugar alcohol (B) contains preferabiy at ieast four hydroxy! (-OH) groups, more preferabiy 
25 4 to 18 hydroxyl (-OH) groups, most preferabiy 4 to 9 hydroxyl (-OH) groups, particularly 4 to 6 

hydroxy! (-OH) groups, for example 4 hydroxyl (-OH) groups. 

Generally, the hydroxy! (-OH) groups contained in said sugar alcohol (B) can be any type of 
hydroxyl (-OH) groups. Preferably, said hydroxyl (-OH) groups are such hydroxyl (-OH) groups 

30 which are essentially not dissociable in aqueous medium, more preferably, said hydroxyl (-OH) 
groups are such hydroxyl (-OH) groups which are not dissociable in aqueous medium. 

in general, said sugar aicohol (B) can be a saturated sugar alcohol, i.e. a sugar alcohol which 
does not comprise any C-C double or triple bonds, or an unsaturated sugar alcohol, i.e. a sugar 

35 alcohol comprising at least one C-C double or triple bond. Preferably, (B) is a saturated sugar 
alcohol. More preferably, (B) is a saturated sugar aicohol which contains at ieast four hydroxyl 
(-OH) groups. 

Generally, said sugar alcohol (B) can be a substituted or unsubstituted sugar alcohol and is 
40 preferabiy an O-substituted (i.e. substituted on at least one of the oxygen atoms of the sugar 

alcohol) or unsubstituted sugar alcohol, more preferably a mono-O-substituted (i.e. substituted 
on one of the oxygen atoms of the sugar alcohol) or unsubstituted sugar aicohol, most prefera-
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biy an unsubstituted sugar alcohol. Examples for mono-O-substituted sugar alcohols (B) are 
isomalt, mattitol, or Iactitol, examples for unsubstituted sugar alcohols (B) are erythritol, threitol, 
arabitol, xylitol, ribitol, mannitol, sorbitol, galactitol, iditol, or inositol. 

5 Preferably, said sugar alcohol (B) is 
(B1) an alditol selected from the group consisting of tetritol, pentitol, hexitol, heptito!, and octi-

tol, or dimers or oligomers thereof, or 
(B2) a cyciitoi, or dimers or oligomers thereof, or 
(B3) pentaerythritol, or dimers or oligomers thereof, 

10 or a mixture thereof. More preferably, (B) is (B1). Most preferably, (B) is a tetritol, pentitol, or 
hexitol, or a mixture thereof. Particularly preferably, (B) is erythritol, threitol, arabitol, xylitol, ribi­
tol, mannitol, sorbitol, galactitol, iditol, isomalt, maltitol, Iactitol, or a stereoisomer thereof, or a 
mixture thereof. Most particularly preferably, (B) is erythritol, threitol, xyiitoi, mannitoi, sorbitol, or 
a stereoisomer thereof, or a mixture thereof. Particularly, (B) is erythritol, threitol, or a stereoi-

15 somer thereof, or a mixture thereof. For example, (B) is erythritol. 

in the embodiment where said sugar alcohol (B) is (B2), (B2) is more preferably O-substituted or 
unsubstituted inositol, or a stereoisomer thereof, or a mixture thereof, and (B2) is most prefera­
bly unsubstituted inositol, or a stereoisomer thereof, or a mixture thereof, and (B2) is for exam-

20 pie inositol. 

According to the invention, the composition (Q) contains an aqueous medium (C). (C) can be of 
one type or a mixture of different types of aqueous media. 

25 In general, the aqueous medium (C) can be any medium which contains water. Preferably, the 
aqueous medium (C) is a mixture of water and an organic solvent miscible with water (e.g. an 
alcohol, preferably a Ci to C3 alcohol, or an aikyiene glycol derivative). More preferably, the 
aqueous medium (C) is water. Most preferabiy, aqueous medium (C) is de-ionized water. 

30 If the amounts of the components other than (C) are in total y % by weight of the composition 
(Q), then the amount of (C) is (100-y) % by weight of the composition (Q). 

The composition (Q) can further optionally contain at least one metai chelating agent (D), pref­
erably one metal chelating agent (D). In general, a metal chelating agent used in a post-CMP 

35 cleaning composition is a chemical compound that forms soluble, complex molecules with cer­
tain metal ions, inactivating the ions so that they cannot normally react with other elements or 
ions to produce precipitates or scale. 

Generally, said metal chelating agent (D) can be contained in varying amounts in the composi-
40 tion (Q), and the amounts or the concentration of (D) can be adjusted most advantageously ac­

cording to the particular requirements of a given composition, use and method of the invention. 
Preferably, the amount of (D) is not more than 1.5 wt.%, more preferably not more than 0.5 
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wt.%, most preferably not more than 0.2 wt.%, particuiariy not more than 0.1 wt.%, for exampie 
not more than 0.06 wt.%, based on the total weight of the composition (Q). Preferabiy, the 
amount of (D) is at least 0.0005 wt.%, more preferably at least 0.001 wt.%, most preferably at 
least 0.007 wt.%, particuiariy at least 0.02 wt.%, for example at least 0.04 wt.%, based on the 

5 total weight of the composition (Q). 

Preferably, the metal chelating agent (D) is a compound comprising at least two carboxylic acid 
(-COOH) or carboxylate (-COO) groups. More preferably, (D) is a compound comprising at 
least three carboxylic acid (-COOH) or carboxylate (-COO) groups. Most preferabiy, the metal 

10 chelating agent (D) is selected from the group consisting of 
(D1) propane-1,2,3-tricarboxylic acid, 
(D2) citric acid, 
(D3) butane-1,2,3,4-tetracarboxyiic acid, 
(D4) pentane-1,2,3,4,5-pentacarboxylic acid, 

15 (D5) trimeiiitic acid, 
(D6) trimesinic acid, 
(D7) pyromellitic acid, 
(D8) meliitic acid, and 
(D9) oiigomeric and polymeric polycarboxylic acids. 

20 Particuiariy preferably, (D) is selected from the group consisting of (D1), (D2), (D3), (D4), (D5), 
(D6), (D7) and (D8), Particularly, (D) is selected from the group consisting of (D1), (D2), (D3) 
and (D4). For exampie, the metal chelating agent (D) is citric acid (D2). 

In the embodiment where the metal chelating agent (D) is (D9), the weight average molecular 
25 weight of (D9) as determined by gei permeation chromatography is preferabiy less than 20,000 

Daiton, more preferably less than 15,000 Dalton, most preferably less than 10,000 Dalton, par­
ticularly less than 5,000 Daiton, and preferably more than 500 Daiton, more preferably more 
ihan 1,000 Daiton, most preferabiy more than 2,000 Daiton, particuiariy more than 2,500 Dalton. 
(D9) can be homopolymers, i.e., polyacrylic acid or polymethacrylic acid - preferably polyacrylic 

30 acid - homopolymers or copoiymers. Said copolymers may contain essentially any suitable oth­
er monomeric units, preferably monomeric units comprising at least one carboxylic acid group, 
in particular, monomeric units derived from fumaric acid, maleic acid, itaconic acid, aconitic acid, 
mesaconic acid, citraconic acid, methylenemaionic acid or maleic anhydride. Most preferably, 
said copolymer is a maleic acid / acrylic acid copolymer. For example, said copolymer is Soka-

35 lan® CP 12 S. 

An oiigomeric polycarboxylic acid is a polycarboxylic acid having at ieast 7 carboxyiic acid 
groups. A polymeric polycarboxylic acid is a polycarboxylic acid having at least 30 carboxylic 
acid groups. 

40 
The composition (Q2) comprises at ieast one oiigomeric or polymeric polycarboxylic acid (L). 
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Generally, the oiigomeric or polymeric polycarboxylic acid (L) can be contained in varying 
amounts in the composition (Q), and the amounts or the concentration of (L) can be adjusted 
most advantageously according to the particular requirements of a given composition, use and 
method of the invention. Preferably, the amount of (L) is not more than 1.5 wt.%, more prefera-

5 bly not more than 0.5 wt.%, most preferably not more than 0.2 wt.%, particularly not more than 
0.1 wt.%, for example not more than 0.06 wt.%, based on the total weight of the composition 
(Q). Preferably, the amount of (L) is at least 0.0005 wt.%, more preferably at ieast 0.001 wt.%, 
most preferably at ieast 0.007 wt.%, particularly at least 0.02 wt.%, for example at least 0.04 
wt.%, based on the total weight of the composition (Q). 

10 
(L) is an oiigomeric or polymeric polycarboxylic acid having at least 7, preferably at least 9, 
more preferably at least 12, most preferabiy at least 16, particuiariy preferably at least 20, par­
ticularly at least 25, for example at least 30 carboxylic acid groups. 

15 (L) is preferabiy an oiigomeric or polymeric polycarboxylic acid containing acrylic acid and/or 
methacryiic acid monomeric units, more preferably an oiigomeric or polymeric polycarboxylic 
acid containing acrylic acid monomeric units. The weight average molecular weight of (L) as 
determined by gel permeation chromatography is preferably less than 20,000 Dalton, more 
preferabiy less than 15,000 Dalton, most preferably less than 10,000 Daiton, particuiariy less 

20 than 5,000 Dalton, and preferably more than 500 Daiton, more preferably more than 1,000 Dal­
ton, most preferably more than 2,000 Dalton, particuiariy more than 2,500 Dalton. (L) can be 
homopolymers, i.e., polyacrylic acid or poiymethacrylic acid -.preferably polyacrylic acid - ho­
mopolymers or copolymers. More preferabiy, (L) is a copolymer containing acrylic acid mono­
meric units. Said copolymer containing acrylic acid monomeric units may contain essentially any 

25 suitable other monomeric units, preferabiy monomeric units comprising at ieast one carboxylic 
acid group, in particular, monomeric units derived from fumaric acid, maleic acid, itaconic acid, 
aconitlc acid, mesaconic acid, citraconic acid, methylenemaionic acid or maleic anhydride. Most 
preferably, said copolymer is a maleic acid / acrylic acid copolymer. For exampie, said copoly­
mer is Sokaian® CP 12 S. 

30 
The composition (Q) can further optionally contain at least one surfactant (E), preferably one 
surfactant (E), more preferabiy one surfactant (E) which is selected from the group of water-
soluble or water-dispersible - preferably water-solubie - amphiphilic nonionic surfactants (E1), 
(E2) and (E3). 

35 
in general, a surfactant used in a post-CMP cleaning composition is a surface-active compound 
which decreases the surface tension of a liquid, the interfacial tension between two liquids, or 
that between a liquid and a solid. 

40 Generally, said surfactant (E) can be contained in varying amounts in the composition (Q), and 
the amounts or the concentration of (E) can be adjusted most advantageously according to the 
particular requirements of a given composition, use and method of the invention. Preferably, the 
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amount of (E) is not more than 5 wt.%, more preferably not more than 2 wt.%, most preferably 
not more than 1 wt.%, particularly not more than 0.5 wt.%, for exampie not more than 0.3 wt.%, 
based on the total weight of the composition (Q). Preferably, the amount of (E) is at ieast 0.0005 
wt.%, more preferably at ieast 0.005 wt.%, most preferabiy at least 0.01 wt.%, particularly at 

5 least 0.05 wt.%, for example at ieast 0.1 wt.%, based on the totai weight of the composition (Q). 

The amphiphilic nonionic surfactant (E1) comprises at ieast one hydrophobic group (e11). This 
means that (E1) can have more than one hydrophobic group (e11), e.g., 2, 3 or more groups 
(e11), which are separated from each other by at ieast one hydrophiiic group (e12) hereinbelow 

10 described. 

The hydrophobic group (e11) is selected from the group consisting of branched alkyi groups 
having 5 to 20, preferably 7 to 16 and, most preferabiy 8 to 15 carbon atoms. 

15 Preferably, the branched alkyi groups (e11) have on the average a degree of branching of from 
1 to 5, preferably 1 to 4 and, most preferably, 1 to 3. 

Suitable branched aikyl groups (e11) are derived from isopentane, neopentane and the 
branched hexane, heptane, octane, nonane, decane, undecane, dodecane, tridecane, tetrade-

20 cane, pentadecane, hexadecane, heptadecane, nonadecane and eicosane isomers. 

Most preferabiy, the branched aikyl groups (e11) are derived from Guerbet-alcohois having 8 to 
15, preferabiy, 10 carbon atoms (cf. Rompp Online 2011, "Guerbet-Reaktion"). 

25 (E1) comprises at least one hydrophiiic group (e12). This means that (E1) can contain more 
than one group (e12), e.g., 2, 3 or more groups (e12), which are separated from each other by 
hydrophobic groups (e11). 

The hydrophiiic groups (e12) consist of oxyethylene monomer units. The degree of polymeriza-
30 tion of the hydrophiiic groups (e12) can vary broadiy and, therefore, can be adapted most ad­

vantageously to the particular requirements of a given composition, use and method of the in­
vention. Preferably, the degree of ethoxylation is in the range of from 4 to 20, more preferably 6 
to 16 and, most preferabiy, 7 to 8. 

35 (E1) can have different blocklike general structures. Examples of such general blocklike struc­
tures are: 

e11-e12, 
e11-e12-e11, 
e12-e11-e12, 

40 - e12-e11-e12-e11, 
el1~e12-e11-e12-e11, and 
e12-e11-e12-e11-e12. 
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Most preferably, the blocklike general structure e11-e12 is used. 

Preferably, the weight average molecular weight of (E1) is in the range of from 300 to 800 Dal-
5 ton, preferabiy 400 to 750 Dalton and, most preferably, 400 to 600 Daiton, as determined by 

size exclusion chromatography. 

Preferably, the hydrophilic-lipophiitc balance (HLB) value is in the range of 8 to 16, preferably 9 
to 15 and, most preferably, 11 to 14. 

10 
The amphiphilic nonionic surfactants (E1) are customary and known materials and are available 
from BASF SE under the trademark Lutensol®. (E1) is particuiariy Lutensol® XP80 or Lutensol® 
XP70, for example Lutensol® XP80. 

15 The amphiphilic nonionic surfactant (E2) also comprises at least one hydrophobic group (e21) 
and at least one hydrophiiic group (e22). 

This means that the amphiphilic nonionic surfactant (E2) contains more than one group (e22), 
e.g., 2, 3 or more groups (e22) which are separated from each other by hydrophobic groups 

20 (e21) or it contains more than one group (e22), e.g., 2, 3 or more groups (e22), which are sepa­
rated from each other by hydrophobic groups (e21). 

The amphiphilic nonionic surfactant (E2) can have different blocklike general structures. Exam-
pies of such general blocklike structures are: 

25 - e21-e22, 
e21-e22-e21, 
e22-e21-e22, 
e22-e21-e22-e21, 
e21-e22-e21-e22-e21, and 

30 - e22-e21 -e22-e21 -e22. 

Most preferably, the blocklike general structure e21-e22 is used. 

Preferably, the hydrophobic groups (e11) described above are used as the hydrophobic groups 
35 (e21). 

The hydrophiiic group (e22) comprises oxyethylene monomer units (e221). 

Moreover, the hydrophiiic group (e22) comprises at ieast one type of substituted oxyalkylene 
40 monomer units (e222), wherein the substituents are selected from the group consisting of aikyl, 

cycloalkyl, aryl, alkyl-cycloalkyl, alkyi-aryl, cycioalkyl-aryl and alkyi-cycloalkyl-aryl groups. 
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Preferably, the oxyalkylene monomer units (e222) are derived from substituted oxiranes where­
in the substituents are selected from the group consisting of aikyl, cycloalkyl, aryl, alkyl-
cycioalkyl, alkyl-aryl, cycloalkyi-aryl and alkyl-cycioalkyl-aryl groups. 

5 The substituents of the oxiranes are preferably selected from the group consisting of aikyl 
groups having 1 to 10 carbon atoms, cycloalkyl groups having 5 to 10 carbon atoms in spirocy-
clic, exocyciic and/or annealed configuration, aryl groups having 6 to 10 carbon atoms, alkyS-
cycloalkyl groups having 6 to 20 carbon atoms, alkyl-aryl groups having 7 to 20 carbon atoms, 
cycloaikyl-aryigroup having 11 to 20 carbon atoms, and alkyl-cycioalkyl-aryl groups having 12 to 

10 30 carbon atoms. 

Examples of suitable aikyl groups are methyl, ethyl, propyl, isopropyi, n-butyl, n-pentyl, and n-
hexyl. Examples of suitable cycloalkyl groups are cyclopentyl, and cyciohexyi. Examples of 
suitable aryl groups are phenyl and 1- and 2-naphthyl. 

15 
Examples for particularly preferred substituted oxiranes are methy! oxirane (propyleneoxide) 
and ethyl oxirane (butyiene oxide). 

Preferably, the hydrophiiic group (e22) consists of the monomer units (e221) and (e222). 
20 

The polyoxyalkylene group contains the monomer units (e221) and (e222) in random, alternat­
ing, gradient and/or blocklike distribution. This means, that one hydrophiiic group (e22) can 
have only one type of distribution, i.e., 

25 - random: ...-e221~e221-e222-e221-e222-e222-e222-e221-e222-...; 
alternating: ...-e221-e222-e221-e222~e221-...; 
gradient: ...e221-e221-e221-e222-e221-e221-e222-e222-e221-e222-e222-e222-...; or 
blocklike: .. .-e221 -e221 -e221 -e221 -e222-e222-e222-e222-.... 

30 Or the hydrophiiic group (e22) can contain at least two types of distributions, e.g., an oiigomeric 
or polymeric segment having a random distribution and an oiigomeric or polymeric segment 
having an alternating distribution. 

Preferably, the hydrophiiic group (e22) has only one type of distribution. Most preferabiy, the 
35 distribution is random or blocklike. 

The molar ratio of oxyethyiene monomer units (e221) to oxyalkylene monomer units (e222) can 
vary broadly and, therefore, can be adjusted most advantageously to the particular require­
ments of a given composition, the method and the use of the invention. Preferably the molar 

40 ratio (e221):(e222) is from 100:1 to 1:1, more preferably, from 60:1 to 1.5:1 and, most prefera­
biy, from 50:1 to 1.5:1. 
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15 
Also the degree of polymerization of the oiigomeric or polymeric polyoxyalkylene groups (e22) 
can vary broadly and, therefore, can be adjusted most advantageously to the particular re­
quirements of a given composition, the method and the use of the invention. Preferably, the 
degree of polymerization is in the range of from 5 to 100, preferably 5 to 90, and most prefera­
bly, 5 to 80. 

The amphiphilic nonionic surfactants (E2) are customary and known materials and are commer­
cially available from BASF SE under the trademark Plurafac™ or from Dow under the trademark 
Triton™. 

The amphiphilic nonionic surfactants (E3) are aikyl polygiucosides (APG). The APG preferably 
have an average degree of polymerization of 1 to 5, preferabiy 1.2 to 1.5. Preferably, the aikyl 
groups of the APG have 8 to 16 carbon atoms and, most preferably, 12 to 14 carbon atoms. 
The APG are customary and known materials and are available from Cognis under the trade-

15 mark Glucopon ™. 

Preferably, the surfactant (E) is selected from the group consisting of: 
(E1) amphiphilic nonionic, water-soluble or water-dispersible surfactants having 

(e11) at least one hydrophobic group selected from the group consisting of branched 
20 aikyl groups having 5 to 20 carbon atoms; and 

(e12) at least one hydrophiiic group consisting of oxyethyiene monomer units; 
(E2) amphiphilic nonionic, water-soluble or water-dispersible surfactants having 

(e21) at least one hydrophobic group selected from the group consisting of branched 
aikyl groups having 5 to 20 carbon atoms; and 

25 (e22) at least one hydrophiiic group selected from the group consisting of polyoxy­
alkylene groups comprising 
(e221) oxyethyiene monomer units and 
(e222) at ieast one type of substituted oxyalkylene monomer units wherein the 

substituents are selected from the group consisting of aikyl, cycloalkyl, 
30 aryl, alkyl-cycloalkyl, alkyl-aryl, cycioaikyl-aryl and alkyl-cycioalkyl-aryl 

groups; 
the said polyoxyalkylene group of (e22) containing the monomer units (e221) 
and (e222) in random, alternating, gradient and/or blocklike distribution; and 

(E3) amphiphilic nonionic, water-soluble or water-dispersible aikyl polyglucoside surfactants. 
35 

More preferably, the surfactant (E) is 
(E1) amphiphilic nonionic, water-soluble or water-dispersible surfactants having 

(e11) at least one hydrophobic group selected from the group consisting of branched 
aikyl groups having 5 to 20 carbon atoms; and 

40 (e12) at least one hydrophiiic group consisting of oxyethyiene monomer units. 
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The properties of the composition (Q) and of the process (P), such as cleaning performance in 
general and the efficiency of removing passivation films, may depend on the pH of the corre­
sponding composition. The pH value of the composition (Q) is preferably at least 2, more pref­
erabiy at ieast 3, most preferably at least 4, particularly at ieast 5, for exampie at least 5.5. The 

5 pH value of the composition (Q) is preferably not more than 11, more preferabiy not more than 
10, most preferably not more than 9, particuiariy preferably not more than 8, particuiariy not 
more than 7, for example not more than 6.5. 

The composition (Q) can further optionally contain at least one pH adjusting agent (G). In gen-
10 eral, the pH adjusting agent (G) is a compound which is added to the composition (Q) to have 

its pH value adjusted to the required value. Preferabiy, the composition (Q) contains at least 
one pH adjusting agent (G). Preferred pH adjusting agents (G) are inorganic acids, carboxylic 
acids, amine bases, alkali hydroxides, ammonium hydroxides, including tetraalkyiammonium 
hydroxides. Particularly, the pH adjusting agent (G) is nitric acid, sulfuric acid, ammonia, sodium 

15 hydroxide, or potassium hydroxide. For example, the pH adjusting agent (G) is nitric acid, or 
potassium hydroxide. 

If present, the pH adjusting agent (G) can be contained in varying amounts. If present, the 
amount of (G) is preferably not more than 10 wt.%, more preferably not more than 2 wt.%, most 

20 preferably not more than 0.5 wt.%, particularly not more than 0.1 wt.%, for example not more 
than 0.05 wt,%, based on the total weight of the composition (Q). If present, the amount of (G) 
is preferably at least 0.0005 wt.%, more preferabiy at least 0.005 wt.%, most preferably at least 
0.025 wt.%, particuiariy at least 0.1 wt.%, for example at ieast 0.4 wt.%, based on the tota! 
weight of the composition (Q). 

25 
The composition (Q) may also contain, If necessary, various other additives, including but not 
limited to stabilizers, friction reducing agents, biocides, or preservatives etc. Said other additives 
are for instance those commonly employed in post-CMP cleaning compositions and thus known 
to the person skilled in the art. Such addition can for exampie stabilize the post-CMP cleaning 

30 compositions, or improve the cleaning performance. 

If present, said other additive can be contained in varying amounts. Preferabiy, the total amount 
of said other additives is not more than 10 wt.%, more preferably not more than 2 wt.%, most 
preferabiy not more than 0.5 wt.%, particularly not more than 0.1 wt.%, for example not more 

35 than 0.01 wt.%, based on the total weight of the composition (Q). Preferabiy, the total amount of 
said other additives is at least 0.0001 wt.%, more preferably at least 0.001 wt.%, most prefera­
bly at least 0.008 wt.%, particuiariy at least 0.05 wt.%, for exampie at least 0.3 wt.%, based on 
the tota! weight of the composition (Q). 

40 For the following preferred embodiments (PE1) to (PE32), 
(A-i) stands for "a compound comprising at least one thiol (-SH), thioether (-SR1), or thiocar­

bonyl (:>C=S) group and at least one amino (-NH2, -NHR2, or-NR3R4) group and wherein 
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20 

25 

30 

R1, R2, R3 and R4 is - independently from each other - aikyl, aryl, alkyiaryl or arylalkyl"; 
(A-ii) stands for "cysteine, cystine, glutathione, N-acetyicysteine, or a derivative thereof; 
(B-i) stands for "a saturated sugar alcohol which contains at least four hydroxy! (-OH) groups 

and does not comprise any carboxylic acid (-COOH) or carboxylate (-COO-) groups"; 
(B-ii) stands for "erythritol, threitol, arabitol, xyiitol, ribitol, mannitol, sorbitol, galactitol, iditol, 

isomalt, maltitol, Iactitol, inositol or a stereoisomer thereof, or a mixture thereof; 
(D-i) stands for "a metal chelating agent selected from the group consisting of propane-1,2,3-

tricarboxylic acid, citric acid, butane-1,2,3,4-tetracarboxylic acid, pentane-1,2,3,4,5-
pentacarboxyiic acid, trimeliitic acid, trimesinic acid, pyromellitic acid, meilitic acid and oii­
gomeric or polymeric polycarboxylic acids". 

(L-i) stands for "an oiigomeric or polymeric polycarboxylic acid which is a copolymer containing 
(i) acrylic acid monomeric units, and 
(ii) monomeric units derived from fumaric acid, maleic acid, itaconic acid, aconitic acid, 

mesaconic acid, citraconic acid, methylenemalonic acid or maleic anhydride." 

According to the preferred embodiment (PE1), the composition (Q) comprises 
(A) being (A-i), 
(B) being (B-i), and 
(C) an aqueous medium. 

According to another preferred embodiment (PE2), the composition (Q) comprises 
(A) being (A-i), 
(B) being (B-ii), and 
(C) an aqueous medium. 

According to another preferred embodiment (PE3), the composition (Q) comprises 
(A) thiourea, or a derivative thereof, 
(B) being (B-i), and 
(C) an aqueous medium. 

According to another preferred embodiment (PE4), the composition (Q) comprises 
(A) being (A-ii), 
(B) being (B-i), and 
(C) an aqueous medium. 

35 
According to another preferred embodiment (PE5), the composition (Q) comprises 

(A) being (A-ii), 
(B) being (B-i), and 
(C) an aqueous medium, 

40 wherein the composition (Q) has a pH value of from 4 to 8. 

According to another preferred embodiment (PE6), the composition (Q) comprises 
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(A) being (A-ii), 
(B) being (B-ii), and 
(C) an aqueous medium. 

5 According to another preferred embodiment (PE7), the composition (Q) comprises 
(A) being (A-ii), 
(B) being (B-i), 
(C) an aqueous medium, and 
(D) being (D-i). 

10 
According to another preferred embodiment (PES), the composition (Q) comprises 

(A) being (A-i), 
(B) being (B-i), 
(C) an aqueous medium, and 

15 (D) being (D-i). 

According to another preferred embodiment (PE9), the composition (Q) comprises 
(A) being (A-ii), 
(B) being (B-i), 

20 (C) an aqueous medium, and 
(D) citric acid. 

According to another preferred embodiment (PE10), the composition (Q) comprises' 
(A) being (A-ii), 

25 (B) being (B-i), 
(C) an aqueous medium, and 
(D) an oiigomeric or poiymeric polycarboxylic acid containing acrylic acid monomeric 

units. 

30 According to another preferred embodiment (PE11), the composition (Q) comprises 
(A) being (A-ii), 
(B) being (B-i), 
(C) an aqueous medium, and 
(D) a maleic acid / acrylic acid copolymer. 

35 
According to another preferred embodiment (PE12), the composition (Q) comprises 

(A) being (A-ii), 
(B) being (B-ii), 
(C) an aqueous medium, and 

40 (D) being (D-i). 

According to another preferred embodiment (PE13), the composition (Q) comprises 
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(A) being (A-i), 
(B) being (B-i), 
(C) an aqueous medium, 
(D) a metal chelating agent, and 
(E) a surfactant. 

According to another preferred embodiment (PE14), the composition (Q) comprises 
(A) being (A-i), 
(B) being (B-i), 

10 (C) an aqueous medium. 
(D) a metal chelating agent, and 
(E) a water-soluble or water-dispersible amphiphilic nonionic surfactant 

According to another preferred embodiment (PE15), the composition (Q) comprises 
15 (A) being (A-ii), 

(B) being (B-i), 
(C) an aqueous medium, 
(D) a compound comprising at least three carboxylic acid (-COOH) or carboxylate (-

COO") groups as a metai chelating agent, and 
20 (E) a surfactant, 

wherein the composition (Q) has a pH value of from 4 to 8. 

According to another preferred embodiment (PE16), the composition (O) comprises 
(A) being (A-ii), 

25 (B) being (B-i), 
(C) an aqueous medium, 
(D) a metal chelating agent, and 
(E) a surfactant, 

wherein the amounts of (A), (B), (D) are - independently from each other - each in the range of 
30 from 0.001 wt. % to 0.5 wt.% based on the total weight of composition (Q), and the amount of 

(E) is in the range of from 0.005 wt. % to 2 wt.% based on the total weight of composition (Q). 

According to the preferred embodiment (PE17), the composition (Q) comprises 
(A) being (A-i), 

35 (L) an oiigomeric or polymeric polycarboxylic acid containing acrylic acid monomeric 
units, and 

(C) an aqueous medium. 

According to the preferred embodiment (PE18), the composition (Q) comprises 
40 (A) being (A-i), 

(L) an oiigomeric or polymeric polycarboxylic acid having at least 20 carboxylic acid 
groups, and 
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(C) an aqueous medium. 

According to the preferred embodiment (PE19), the composition (Q) comprises 
(A) being (A-i), 

5 (L) being (L-i), and 
(C) an aqueous medium. 

According to the preferred embodiment (PE20), the composition (Q) comprises 
(A) being (A-i), 

10 (L) an oiigomeric or polymeric polycarboxylic acid which is a maleic acid / acrylic acid 
copolymer, and 

(C) an aqueous medium. 

According to the preferred embodiment (PE21), the composition (Q) comprises 
15 (A) thiourea or a derivative thereof, 

(L) an oiigomeric or polymeric polycarboxylic acid containing acrylic acid monomeric 
units, and 

(C) an aqueous medium. 

20 According to the preferred embodiment (PE22), the composition (Q) comprises 
(A) being (A-ii), 
(L) an oiigomeric or polymeric poiycarboxyiic acid containing acrylic acid monomeric 

units, and 
(C) an aqueous medium. 

25 
According to the preferred embodiment (PE23), the composition (Q) comprises 

(A) being (A-ii), 
(L) an oiigomeric or polymeric poiycarboxyiic acid having at ieast 20 carboxyiic acid 

groups, and 
30 (C) an aqueous medium. 

According to the preferred embodiment (PE24), the composition (Q) comprises 
(A) being (A-ii), 
(L) being (L-i), and 

35 (C) an aqueous medium. 

According to the preferred embodiment (PE25), the composition (Q) comprises 
(A) being (A-ii), 
(L) a maleic acid / acryiic acid copolymer, and 

40 (C) an aqueous medium. 

According to the preferred embodiment (PE26), the composition (Q) comprises 



(A) being (A-i), 
(L) an oiigomeric or polymeric poiycarboxyiic acid containing acrylic acid monomeric 

units, 
(C) an aqueous medium, and 

5 (E) an amphiphiiic nonionic surfactant. 

According to the preferred embodiment (PE27), the composition (Q) comprises 
(A) being (A-ii), 
(L) an oiigomeric or poiymeric poiycarboxyiic acid containing acrylic acid monomeric 

10 units, 
(C) an aqueous medium, and 
(E) an amphiphilic nonionic surfactant. 

According to the preferred embodiment (PE28), the composition (Q) comprises 
15 (A) being (A-i), 

(L) being (L-i), 
(C) an aqueous medium, and 
(E) an amphiphilic nonionic surfactant, 

20 According to the preferred embodiment (PE29), the composition (Q) comprises 
(A) being (A-ii), 
(L) being (L-i), 
(C) an aqueous medium, and 
(E) an amphiphilic nonionic surfactant. 

25 
According to the preferred embodiment (PE30), the composition (Q) comprises 

(A) being (A-i), 
(L) a maleic acid / acryiic acid copolymer, 
(C) an aqueous medium, and 

30 (E) an amphiphilic nonionic surfactant. 

According to the preferred embodiment (PE31), the composition (Q) comprises 
(A) being (A-ii), 
(L) a maleic acid / acryiic acid copolymer, 

35 (C) an aqueous medium, and 
(E) an amphiphilic nonionic surfactant. 

According to the preferred embodiment (PE32), the composition (Q) comprises 
(A) being (A-ii), 

40 (L) being (L-i), 
(C) an aqueous medium, and 
(E) a water-soluble or water-dispersible amphiphiiic nonionic surfactant, 
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wherein the amounts of (A) and (L) are - independently from each other - each in the range of 
from 0.001 wt. % to 0.5 wt.% based on the total weight of composition (Q), and the amount of 
(E) is in the range of from 0.005 wt. % to 2 wt.% based on the total weight of composition (Q). 

5 The preparation of the composition (Q) does not exhibit any particularities but can be carried out 
by dissolving or dispersing the above-described ingredients (A) and (B) and optionally (D) 
and/or (E) and/or other additives in the aqueous medium (C), in particular, in de-ionized water 
and, most preferably, in ultra-pure water. For this purpose, the customary and standard mixing 
processes and mixing apparatuses such as agitated vessels, in-line dissoivers, high shear im-

10 pellers, ultrasonic mixers, homogenizer nozzles or counterflow mixers, can be used. 

A large variety of conventional cleaning tools and methods can be used for the process (P) or 
for the application of the composition (Q) in a post-CMP cleaning step. These cleaning tools 
include megasonic cleaners, brush cleaners and combinations thereof. Typically, the brushes 

15 are made up of soft and porous polyvinyl alcohol materials. The brushes may have different 
shapes depending on the manufacturer of the processing tool. Most common shapes are roll­
ers, discs and pencils. 

After contacting the semiconductor substrates with the composition (Q), the semiconductor sub-
20 strates are removed from the composition and dried. The drying step can be carried out as de­

scribed, for example, in the American patent application US 2009/02191873 A1, page 4, para­
graph [0022]. 

The cleaning or removal performance, i.e., the degree of the removal of residues and contami-
25 nants, of the composition (Q) and the process (P) can be determined in accordance with various 

methods. Preferably, the performance is evaluated by comparing untreated semiconductor sur­
faces with the respective semiconductor surfaces that have been treated with the composition 
(Q) and the process (P). To this end, scanning electron microscopy (SCM) and/or atomic force 
microscopy (AFM) can be carried out and the images obtained from the respective treated and 

30 the untreated semiconductor surfaces can be compared with each other. 

Examples and Comparative Examples 

Ludox® TM50 is colloidal siiica in form of a 50 wt. % suspension in H2O and is obtained from 
35 Sigma-Aldrich. 

Lutensol® XP80 is a branched amphiphilic nonionic surfactant provided by BASF SE. It is alkyi 
polyethylene glycol ether based on Cio-Guerbet alcohoi and ethylene oxide. 

40 Sokalan® CP 12 S is a polymeric polycarboxylic acid provided by BASF SE. it is a maleic acid / 
acrylic acid copolymer. 
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"Dip tests" were conducted using electrochemical plating copper coupon. In the following proce­
dure, the silica slurry was composed of 0.5 wt.% Ludox® TM50 at pH 4. A sample coupon was 
first dipped into 0.02 wt.% HNO3 for 35s, rinsed by deionized water, and thereafter dipped into 
silica slurry for 5min, then rinsed by deionized water for 15s. Each coupon was then dipped into 

5 the subject surfactant solution for 2min, rinsed by deionized water for 15s. The coupons were 
hung to air dry under ambient conditions. Dried coupons were evaluated by scanning electron 
microscopy (SEM) for evidence of remaining silica abrasive. The dried coupons were com­
pared. 

10 SEM images were recorded using JEOL 7400 High resolution field emission Scanning Electron 
Microscope at an accelerating potential of 15kV and magnification of 50,000. 

The pH vaiue is measured with a pH electrode (Schott, blue line, pH 0-14 / -5...100 °C / 3 mol/L 

sodium chloride). 
15 

Contact angle measurements 

The contact angle for deionized water (deionized water is referred to as "DIW" in the following) 
on treated and untreated copper wafer surface was determined. The electrochemical plating 

20 copper wafer copper surface without any treatment has a DIW contact angle of approximately 
80°, implying that there was organic residues adsorption on copper surface. Copper coupon 
was immersed in 0.02wt.% HNO3 for 35s and rinsed with DIW to get fresh surface. The fresh 
copper surface has a DIW contact angle of approximately 50°, indicating that the surface was 
relative hydrophiiic. Then the copper coupon with HNO3 pre-treatment was immersed in 0.2wt.% 

25 benzotriazole solution (benzotriazole is referred to as "BTA" in the following) for 5min, rinsed by 
DIW and compressed air drying. The Cu-BTA surface has a DIW contact angle of approximately 
89°, indicating that the surface was relative hydrophobic (i.e., non-wetting). The Cu-BTA surface 
was dipped in a variety of compositions as listed in table A for 5min, rinsed with DIW for 15s 
and followed by compressed air drying for 1min, thereafter the contact angle of DIW was deter-

30 mined immediately. For comparison, the contact angle of DIW on fresh copper surface treated 
with the same composition was also determined. The surfaces examined are summarized be­
low in Table A. 
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Table A: 
Cleaning 
solution 

no. 

Composition of the cleaning solu­
tions 

(aqueous medium = deionized water) 

Contact angle (°) Cleaning 
solution 

no. 

Composition of the cleaning solu­
tions 

(aqueous medium = deionized water) 
Cu-BTA surface 

after immersion in 
composition 

Fresh Cu surface 
after immersion in 

composition 
S21 0.04wt.% Citric acid pH 6 64 41 
S22 0.04wt.% L-serine pH 6 75 46,5 
S23 0.04wt.% L-cysteine pH 6 34 32 
S24 0.04wt.% N-acetylcysteine pH 6 43 43 
S25 0.04wt.% Urea pH 6 67 38 
S26 Q.04wt.% Thiourea pH 6 63 66 

It can be seen that the Cu-BTA surfaces treated with citric acid, serine, urea have a contact an-
5 gle of approximately 64°, 75°, 67°, respectively, indicating that the treated surfaces were still 

relative hydrophobic, in contrast, fresh Cu surface treated with citric acid, serine, urea have con­
tact angle of 41°, 46°, 38°, respectively, implying that the treated surfaces were hydrophiiic. 
However, both Cu-BTA surface and fresh Cu surface treated with cysteine have DIW contact 
angle of approximate 34° and 32°. Interestingly, acetyl-cysteine treated Cu-BTA surface has a 

10 DIW contact angle of 43°, which is the same with acetyl-cysteine treated fresh copper surface. 
Similarly, thiourea treated Cu-BTA surface has a DIW contact angle of approximately 63°, which 
is close to DIW contact angle on thiourea treated fresh copper surface. The results illustrate that 
after treated with compositions containing a compound comprising at least one thiol, thioether or 
thiocarbonyl group, Cu-BTA and fresh copper surface would have almost the same DIW contact 

15 angles. 

Tafel plot measurements of the cleaning efficiency of BTA film on copper surface 

The cleaning efficiency of BTA film on Cu surface was evaluated by Tafel plot measurement. 
20 Fresh Cu wafer coupon was immersed in 0.2% BTA solution having a natural pH 5.8 for 15min, 

rinsed by DIW and followed by compressed air drying. As working electrode, relative to Ag/AgCI 
reference electrode, the BTA treated copper coupon was immersed in a variety of compositions 
for measurement. For comparison, fresh copper coupon was also dipped in the variety of com­
positions for measurement. The corrosion potential and corrosion current of substrates in differ-

25 ent solutions are summarized below in Table B. 
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Table B: 
Substrate Solution Ecorr [V] Icorr [jjA/cm2] 

Cu DIW pH 6 0.02 0.45 
Cu-BTA DIW pH 6 0.025 0.018 

Cu 0.04wt.% citric acid pH 6, in DIW -0.108 25 
Cu-BTA 0.04wt.% Citric acid pH 6, in DIW -0.055 0.54 

Cu 0.04wt.% serine pH 6, in DIW -0.233 7.5 
Cu-BTA 0.04wt.% serine pH 6, in DIW 0.04 0.082 

Cu 0.04wt.% ^acetylcysteine pH 6, in DIW -0.248 0.89 
Cu-BTA 0.04wt% N-acetylcysteine pH 6, in DIW -0.223 0.91 

Cu 0.04wt% cysteine pH 6, in DIW -0.257 1.7 
Cu-BTA 0.04wt% cysteine pH 6, in DIW -0.223 1.51 

Cu 0.04wt.% thiourea pH 6, in DiW -0.38 2.78 
Cu-BTA 0.04wt.% thiourea pH 6, in DIW -0.367 2.76 

It can be §een that the corrosion current of copper treated with 0.2 wt.% BTA in DIW pH 6 is 
5 0.018 pA/cm2, which is much lower than the corrosion current of fresh copper in the same solu­

tion, indicating that the high passivation efficiency of BTA film on Cu surface. As chelating 
agent, the corrosion current of fresh copper in citric acid and serine is much higher than corro­
sion current of copper in blank solution (DIW pH 6). However, the corrosion current of Cu-BTA 
surface in citric acid and serine is lower than the corrosion current of Cu surface in the same 

10 solution, but relative higher than the Cu-BTA surface in blank solution. Meanwhile, the corrosion 
potential of Cu-BTA is higher than Cu surface, implying that the citric acid and serine couid re­
move some amount of BTA layer but BTA film was still on copper surface. In contrast, corrosion 
current of Cu-BTA in acetyi-cysteine, cysteine, and thiourea solution were almost identical to the 
corrosion current of Cu surface in the same solution, indicating that Cu-BTA fiim was removed 

15 by the solutions completely. In another aspect, the BTA removal efficiency may be predicted 
simply by measuring corrosion potential and corrosion current of Cu-BTA and Cu surface. 

XPS measurements of the cleaning efficiency of BTA film on copper surface 

20 The efficiency of formulations for BTA removal on Cu substrate was evaluated. The wafer cou­
pon was pre-treated with 0.02wt.% HNO3 for 35sec, rinsed with DIW and followed by com­
pressed air drying. Then the coupon was dipped in 0.2wt.% BTA solution for 5min, followed by 
DIW rinse and compress air drying. After that, the BTA treated copper coupon was dipped in a 
variety of formulations at pH 6 for 5min, rinsed with DIW and followed by compress air drying. 

25 BTA treatment and an untreated sample were analyzed for comparison. Analysis was done us­
ing X-ray photoelectron spectroscopy (XPS) at angles of 55°. Table C includes BTA removal 
results in different composition solutions relative to the BTA and untreated sample. 
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Table C; 

Copper 
at% 

Nitrogen 
at% 

Nitrogen to 
copper ratio 

Cleaning 
efficiency 

Untreated 100 - - -
BTA 31.16 68.84 2.21 -
0.04wt.% N-acetylcysteine 81.89 18.11 0.22 90% 
0.04% cysteine 87.80 12.20 0.14 94% 
0.04% serine 52.55 47.45 0.90 0.59% 
0.04% thiourea 94.21 5.79 0.06 97% 
0.04% urea 35.53 64.47 1.82 17.6% 
0.04% citric acid 37.96 62.04 1.63 0.26% 

The nitrogen to copper ratio indicates the amount of BTA remaining on the copper surface. As 
expected, the citric acid and serine could remove some iayer of BTA, but still left BTA on the 

5' wafer surface. In contrast, compounds comprising at least one thiol, thioether or thiocarbonyl 
group (for example acetyl-cysteine, cysteine, and thiourea) have high BTA removal efficiency. 

Dip test series no. 1 

10 Tests were conducted to evaluate the relative cleaning performance of different formulations as 
listed in table D. Copper coupon was dipped in 0.02wt.% HNO3 for 35s, rinsed with DIW and 
followed by compress air drying. The coupon was dipped in 0.2 wt.% BTA for 5min, rinsed with 
DiW, thereafter the Cu-BTA surface was immersed in 0.5 wt.% Ludox® TM 50 pH 4 for 5min. 
After that, the coupon was immersed in the cleaning compositions for 2min, followed by DIW 

15 rinse and air drying. Control sample Z was a coupon which was dipped in 0.2 wt.% BTA for 
5min, rinsed with DIW, thereafter the Cu-BTA surface of this coupon was immersed in 0.5 wt.% 
Ludox® TM 50 pH 4 for 5min. Control sample Z was not subjected to any cleaning treatment. 
The SEM analysis results are summarized in figure 1. 

20 The results in Figure 1 show that the copper surface cleaned without a compound comprising at 
ieast one thiol, thioether or thiocarbonyl group still had a substantial number of silica particles 
on surface, possibly due to the presence of adsorbed BTA on Cu surface. In contrast, when the 
copper was cleaned with a composition containing a compound comprising at ieast one thiol, 
thioether or thiocarbonyl group (for exampie cysteine or N-acetylcysteine), the number of silica 

25 particles decreased dramatically. 
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Table D: 
Cleaning composi­
tion no. 
[ (*) = comparative 
example] 

Formulation of the cleaning compositions 
(aqueous medium = deionized water) 

pH 

S31 O 0.05wt.% citric acid + 0.2wt.%Lutensol®XP80 + 0.05wt.% erythritol 6 
S32 0.05wt.% citric acid + 0.2wt.%Lutensol® XP80 + 0.05wt.% erythritol 

+ 0.04wt.% N-acetylcysteine 
6 

S33 0.05wt.% citricacid + 0.2wt%Lutensol®XP80 + 0.05wt.% erythritol 
+ 0.04wt.% cysteine 

6 

S34 (*) 0.05wt.% citricacid + 0.2wt.%Lutensol®XP80+ 0.05wt% erythritol 
+ 0.04wt.% serine 

6 

The cleaning compositions S32 and S33 show an improved cleaning performance. 
5 

Dip test series no. 2 

Tests were conducted to evaluate the cleaning performance of various cleaning compositions at 
different pH condition. These test compositions were prepared as set forth in Table E. All the 

10 compositions were adjusted by diluted KOH or HNO3. The prepared cleaning compositions were 
evaluated using electrochemical plating copper wafer according to the following procedure. The 
wafer was polished by barrier slurry containing silica particles, H2O2, BTA. Thereafter, the pol­
ished wafer was cut into coupons. Copper coupons were dipped into cleaning compositions for 
5min and then rinsed by Dl water for 15s followed by compress air drying for 1min. Dried cou-

15 pons were evaluated by scanning electron microscopy (SEM) for evidence of remaining silica 
abrasive and BTA passivation layers. For comparison, the polished coupon without cleaning 
treatment was evaluated by SEM as well (control sample Y). The results were shown in Figures 
2 and 3, 

20 The results in Figures 2 and 3 indicate that the silica particles were removed completely when 
the copper surfaces were cleaned by the cleaning compositions containing a compound com­
prising at ieast one thiol, thioether or thiocarbonyl group (for example N-acetyicysteine). In con­
trast, the silica particles were hardly cleaned by cleaning compositions which do not contain 
such a compound. The results show that there are BTA passivation layers on the top of copper 

25 surface after the barrier CMP process, which would suppress the silica particles removal during 
cleaning process. Also, the results demonstrate that the compositions containing a compound 
comprising at least one thiol, thioether or thiocarbonyl group (for example N-acetylcysteine) 
have good performance at pH 3, 6 and 10.5. Therefore, the post-CMP cleaning compositions of 
the invention are suited for application in acidic, neutral and alkaline conditions. 

30 
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Table E: 

Cleaning composi­
tion no. 
[ (*) = comparative 
exampie] 

Formulation of the cleaning compositions 
(aqueous medium = deionized water) 

PH 

S35 0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensoi® XP80 + 0.05wt% 
erythritoi + 0.04wt.% N-acetylcysteine 

3 
S36 

0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensoi® XP80 + 0.05wt% 
erythritoi + 0.04wt.% N-acetylcysteine 6 

S37 

0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensoi® XP80 + 0.05wt% 
erythritoi + 0.04wt.% N-acetylcysteine 

10.5 
S38 {*) 0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensol® XP80 3 
S39 (*) 

0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensol® XP80 
6 

S40 (*) 

0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensol® XP80 

10.5 
S41 0 0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensol® XP80 + 0.05wt.% 

erythritoi 
3 

S42 (*) 
0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensol® XP80 + 0.05wt.% 
erythritoi 6 

S43 (*} 

0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensol® XP80 + 0.05wt.% 
erythritoi 

10.5 
S44 0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensoi® XP80 + 0.04wt.% 

N-acetylcysteine 
3 

S45 
0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensoi® XP80 + 0.04wt.% 
N-acetylcysteine 6 

S46 

0.05wt.% Sokalan® CP 12 S + 0.2wt.%Lutensoi® XP80 + 0.04wt.% 
N-acetylcysteine 

10.5 

The cleaning compositions S35, S36, S37, S44, S45 and S46 show an improved cleaning per­
formance. 

5 
Brief Description of Drawings 

Figure 1 shows the SEM analysis results of the dip test series no. 1 using the cleaning composi­
tions S31, S32, S33, S34 as weii as the SEM analysis results of control sample Z. 

10 
Figure 2 shows the SEM analysis results of the dip test series no. 2 using the cleaning composi­
tions $35, S36, S37, S38, S39, S40 as well as the SEM analysis results of control sample Y. 

Figure 3 shows the SEM analysis results of the dip test series no. 2 using the cleaning composi-
15 tions S41, S42, S43, S44, S45, and S46. 
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Claims: 

1. A post chemical-mechanical-polishing (post-CMP) cleaning composition com­
prising: 

(A) at least one compound comprising at least one thiol (-SH), thioether (-
5 SR1) or thiocarbonyl (>C=S) group, wherein R1 is aikyl, aryl, alkylaryl or 

arylalkyl, 
(B) at least one sugar alcohol which contains at ieast three hydroxy! (-OH) 

groups and does not comprise any carboxylic acid (-COOH) or carbox-
yiate (-COO-) groups, and 

10 (C) an aqueous medium. 

2. A composition according to claim 1, wherein the compound (A) is a compound 
comprising at ieast one thiol (-SH), thioether (-SR1), or thiocarbonyl (>C=S) 
group and at ieast one amino (-Nbh, -NHR2, or -NR3R4) group and wherein 

15 R1, R2, R3 and R4 is - independently from each other - afkyl, aryl, alkyiaryl 
or arylalkyl. 

3. A composition according to claim 2, wherein the compound (A) is thiourea or a 
derivative thereof. 

20 
4. A composition according to ciaim 2, wherein compound (A) is an amino acid 

comprising at least one thiol (-SH) or thioether (-SR1) group, or a derivative of 
this amino acid, 

wherein R1 is aikyl, aryl, alkylaryl or arylalkyl. 
25 

5. A composition according to ciaim 4, wherein the compound (A) is cysteine, cys­
tine, glutathione, N-acetylcysteine, or a derivative thereof. 

6. A composition according to anyone of the claims 1 to 5, wherein the sugar al-
30 cohoi (B) contains at least four hydroxyl (-OH) groups. 

7. A composition according to anyone of the claims 1 to 5, wherein the sugar al­
cohol (B) is a saturated sugar alcohol. 

35 8. A composition according to anyone of the claims 1 to 5, wherein the sugar al­
cohol (B) is a saturated sugar alcohol which contains at least four hydroxyl (-
OH) groups. 

9. A composition according to anyone of the claims 1 to 5, wherein the sugar al-
40 cohol (B) is selected from the group consisting of 

(B1) an alditol selected from the group consisting of tetritol, pentitol, hexi­
tol, heptitol, and octitol, or dimers or oligomers thereof, or 
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(B2) a cyciitoi, or dimers or oligomers thereof, or 
(B3) pentaerythritol, or dimers or oligomers thereof, 

or a mixture thereof. 

5 10. A composition according to anyone of the claims 1 to 5, wherein the sugar ai­
cohol (B) is erythritoi, threitol, arabitoi, xylitol, ribitol, mannitol, sorbitol, galac­
titol, iditol, isomalt, maltitol, Iactitol, or a stereoisomer thereof, or a mixture 
thereof. 

10 11. A composition according to anyone of the claims 1 to 5, wherein the sugar al­
cohol (B) is erythritol, threitol, or a stereoisomer thereof, or a mixture thereof. 

12. A composition according to anyone of the claims 1 to 11, wherein the composi­
tion further comprises (D) at least one metal chelating agent. 

15 
13. A composition according to anyone of the claims 1 to 11, wherein the composi­

tion further comprises at least one metal chelating agent (D) which is selected 
from the group consisting of propane-1,2,3-tricarboxylic acid, citric acid, butane-
1,2,3,4-tetracarboxylic acid, pentane-1,2,3,4,5-pentacarboxyiic acid, trimellitic 

20 acid, trimesinic acid, pyromeliitic acid, mellitic acid and oiigomeric and polymer­
ic polycarboxylic acids. 

14. A composition according to anyone of the claims 1 to 13, wherein the composi­
tion further comprises (E) at ieast one surfactant. 

25 
15. A composition according to anyone of the claims 1 to 13, wherein the composi­

tion further comprises at least one surfactant (E) which is selected from the 
group consisting of: 

30 (E1) amphiphilic nonionic, water-soluble or water-dispersible surfac­
tants having 

(e11) at least one hydrophobic group selected from the group 
consisting of branched alkyi groups having 5 to 20 carbon 

35 atoms; and 
(e12) at least one hydrophiiic group consisting of oxyethyiene 

monomer units; 

(E2) amphiphilic nonionic, water-soluble or water-dispersible surfac-
40 tants having 



(e21) at ieast one hydrophobic group selected from the group 
consisting of branched aikyl groups having 5 to 20 carbon 
atoms; and 

(e22) at ieast one hydrophiiic group selected from the group 
consisting of polyoxyalkylene groups comprising 

(e221) oxyethyiene monomer units and 
(e222) at least one type of substituted oxyalkylene mon­

omer units wherein the substituents are selected 
10 from the group consisting of alkyi, cycloalkyl, aryl, 

aIkyl-cycioaIkyI, alkyl-aryl, cycloalkyl-aryl and al­
kyl-cycioalkyl-aryl groups; 

the said polyoxyalkylene group of (e22) containing the 
15 monomer units (e221) and (e222) in random, alternating, 

gradient and/or blocklike distribution; and 

20 

(E3) amphiphiiic nonionic, water-soluble or water-dispersible aikyl 
polygiucoside surfactants. 

16. The use of the post-CMP cleaning composition as defined in anyone of the 
claims 1 to 15 for removing residues and contaminants from the surface of sem­
iconductor substrates useful for manufacturing microelectronic devices. 

25 17. The use according to ciaim 16, wherein the post-CMP cleaning composition has 
a pH value in the range of from 4 to 8. 

18. The use according to claim 16, wherein the residues and contaminants com­
prise benzotriazole or a derivative thereof and wherein the surface is a copper-

30 containing surface. 

19. The use according to claim 16, wherein the cleaning composition is used for 
removing residues and contaminants from the surface of semiconductor sub­
strates comprising 

35 - electrically conductive layers containing or consisting of copper, 
- electrically insulating dielectric layers consisting of low-k or ultra-low-k die­

lectric materials, and 
- barrier layers containing or consisting of tantalum, tantalum nitride, titani­

um nitride, cobalt, nickel, manganese, ruthenium, ruthenium-nitride, ru-
40 thenium-carbide, or ruthenium tungsten nitride 

after chemical mechanical polishing. 
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20. A process for manufacturing microelectronic devices from semiconductor sub­

strates comprising the step of removing residues and contaminants from the 
surface of the semiconductor substrates by contacting them at ieast once with 
the post-CMP cleaning composition as defined in anyone of the claims 1 to 15. 

5 
21. A process according to claim 20, wherein the cleaning composition has a pH 

value in the range of from 4 to 8. 

22. A process according to claim 20, wherein the residues and contaminants com-
10 prise benzotriazole or a derivative thereof and wherein the surface is a copper-

containing surface. 

23. A process according to claim 20, wherein the semiconductor substrates com­
prise 

15 - electrically conductive layers containing or consisting of copper, 
- electrically insulating dielectric layers consisting of low-k or ultra-low-k die­

lectric materials, and 
- barrier layers containing or consisting of tantalum, tantalum nitride, titani­

um nitride, cobalt, nickel, manganese, ruthenium, ruthenium-nitride, ru-
20 thenium-carbide, or ruthenium tungsten nitride. 

24. A post chemical-mechanical-polishing (post-CMP) cleaning composition com­
prising: 

(A) at least one compound comprising at least one thiol (-SH), thioether (-
25 SR1) or thiocarbonyl (>C=S) group, wherein R1 is aikyl, aryl, alkylaryl or 

arylalkyl, 
(L) at least one oiigomeric or polymeric polycarboxylic acid, and 
(C) an aqueous medium. 

30 25. A composition according to claim 24, wherein the compound (A) is a compound 
comprising at least one thiol (-SH), thioether (-SR1), or thiocarbonyl (>C=S) 
group and at least one amino (-NH2, -NHR2, or -NR3R4) group and wherein 

R1, R2, R3 and R4 is - independently from each other - aikyl, aryl, alkylaryl 
or arylalkyl. 

35 
26. A composition according to claim 25, wherein the compound (A) is thiourea or a 

derivative thereof. 

27. A composition according to ciaim 25, wherein compound (A) is an amino acid 
40 comprising at ieast one thiol (-SH) or thioether (-SR1) group, or a derivative of 

this amino acid, 
wherein R1 is aikyl, aryl, alkylaryl or arylalkyl. 
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A composition according to claim 27, wherein the compound (A) is cysteine, 
cystine, glutathione, N-acetylcysteine, or a derivative thereof. 

29. A composition according to anyone of the claims 24 to 28, wherein (L) is an oli-
5 gomeric or polymeric polycarboxylic acid containing acryiic acid monomeric 

units. 

30. A composition according to anyone of the claims 24 to 28, wherein (L) is an oii­
gomeric or polymeric poiycarboxyiic acid having at least 20 carboxylic acid 

10 groups. 

31. A composition according to anyone of the claims 24 to 28, wherein the weight 
average molecular weight of the oiigomeric or polymeric polycarboxylic acid (L) 
is more than 2,000 Dalton as determined by gel permeation chromatography. 

15 
32. A composition according to anyone of the claims 24 to 28, wherein (L) is an oii­

gomeric or polymeric poiycarboxyiic acid which is a copolymer containing 
(i) acryiic acid monomeric units, and 
(ii) monomeric units derived from fumaric acid, maleic acid, itaconic acid, aco-

20 nitic acid, mesaconic acid, citraconic acid, methylenemalonic acid or maleic 
anhydride. 

33. A composition according to anyone of the claims 24 to 28, wherein (L) is an oii­
gomeric or poiymeric poiycarboxyiic acid which is a maleic acid / acrylic acid 

25 copolymer. 

34. A composition according to anyone of the claims 24 to 33, wherein the compo­
sition further comprises (E) at ieast one surfactant. 

30 35. A composition according to anyone of the claims 24 to 33, wherein the compo­
sition further comprises at least one surfactant (E) which is selected from the 
group consisting of: 

(E1) amphiphilic nonionic, water-soluble or water-dispersible surfac-
35 tants having 

(e11) at least one hydrophobic group selected from the group 
consisting of branched aikyl groups having 5 to 20 carbon 
atoms; and 

40 (e12) at least one hydrophiiic group consisting of oxyethyiene 
monomer units; 
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(E2) amphiphilic nonionic, water-soluble or water-dispersible surfac­

tants having 

(e21) at least one hydrophobic group selected from the group 
5 consisting of branched alkyi groups having 5 to 20 carbon 

atoms; and 
(e22) at least one hydrophiiic group selected from the group 

consisting of polyoxyalkylene groups comprising 

10 (e221) oxyethyiene monomer units and 
(e222) at least one type of substituted oxyalkylene mon­

omer units wherein the substituents are selected 
from the group consisting of aikyl, cycloalkyl, aryl, 
alkyl-cycloalkyl, alkyl-aryl, cycloalkyl-aryl and al-

15 kyi-cycioalkyl-aryl groups; 

20 

the said polyoxyalkylene group of (e22) containing the 
monomer units (e221) and (e222) in random, alternating, 
gradient and/or blocklike distribution; and 

(E3) amphiphilic nonionic, water-soluble or water-dispersible alkyi 
poiyglucoside surfactants. 

36. The use of the post-CMP cleaning composition as defined in anyone of the 
25 claims 24 to 35 for removing residues and contaminants from the surface of 

semiconductor substrates useful for manufacturing microelectronic devices. 

37. The use according to claim 36, wherein the residues and contaminants com­
prise benzotriazole or a derivative thereof and wherein the surface is a copper-

30 containing surface. 

38. The use according to claim 36, wherein the cleaning composition is used for 
removing residues and contaminants from the surface of semiconductor sub­
strates comprising 

35 - electrically conductive layers containing or consisting of copper, 
- electrically insulating dielectric layers consisting of low-k or ultra-low-k die­

lectric materials, and 
- barrier layers containing or consisting of tantalum, tantalum nitride, titani­

um nitride, cobalt, nickel, manganese, ruthenium, ruthenium-nitride, ru-
40 thenium-carbide, or ruthenium tungsten nitride 

after chemical mechanical polishing. 
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39. A process for manufacturing microelectronic devices from semiconductor sub­

strates comprising the step of removing residues and contaminants from the 
surface of the semiconductor substrates by contacting them at least once with 
the post-CMP cleaning composition as defined in anyone of the claims 24 to 35, 

40. A process according to claim 39, wherein the residues and contaminants com­
prise benzotriazole or a derivative thereof and wherein the surface is a copper-
containing surface. 

41. A process according to claim 39, wherein the semiconductor substrates com­
prise 

- electrically conductive layers containing or consisting of copper, 
- electricaily insulating dielectric layers consisting of low-k or ultra-low-k die­

lectric materials, and 
- barrier layers containing or consisting of tantalum, tantalum nitride, titani­

um nitride, cobalt, nickel, manganese, ruthenium, ruthenium-nitride, ru­
thenium-carbide, or ruthenium tungsten nitride. 


