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INTRODUCTION 
The stringent requirements to reduce the defectivity and contaminants from the wafer surface, several 
studies on post-CMP cleaning have been carried out in the literature [1–3]. Most of the studies focus on the 
effect of chemical delivery, post-CMP cleaning solution and the scrubbing parameters on particle loading 
and defects on the wafer surface. To meet the current cleaning requirements, it is important to understand 
the interaction of CMP residues with the PVA brush during the PVA brush scrubbing process. During the 
post-CMP cleaning process, the pH can affect the brush loading by altering the zeta potential of abrasives 
and inducing chemical interaction between the brush and the particles. Hence, the understanding of both 
the  CMP residues and the cleaning chemistry during the scrubbing process is crucial to control and prevent 
defects generation during the post-CMP cleaning process. 
 
The metal CMP slurry consists of a chelating agent, surfactant, abrasives, oxidants, and other additives. 
Due to the spherical shape, hardness, and stability, colloidal silica is mainly used as an abrasive in slurry 
preparation for metal and oxide wafer CMP. In post-CMP cleaning such as PVA brush scrubbing the 
contaminants are removed by the mechanical action of the PVA brush. The particles from the wafer surface 
are taken up by polyvinyl acetal (PVA) brush nodules due to direct contact with brush nodules and 
dislodging the contaminants from the substrate surface. However, due to the highly porous structure and 
hydrophilicity, the contaminants stick to the brush surface and contaminate the wafer in the next cleaning 
step [4]. 
 
PVA brush scrubbing is considered the most effective method to remove these contaminants. Silica particle 
adhesion on brush surfaces has been studied in the literature with the effect of brush rotation speed, wafer 
pressure, and friction force analysis [5–7]. However, the physical or/and chemical interaction between 
brush and particles has not been studied so far. In our experiment, the interaction between colloidal silica 
and brush at various pH conditions was studied. The interaction between copper ions, colloidal silica, and 
brush surface was studied for the first time, focusing more on brush loading and cross-contamination. 
 
The adsorption of copper ions on the silica particles can affect the chemical interaction and the adhesion 
force [8,9]. The concentration of Cu ions also seems to play a significant role in brush loading, i.e., the brush 
contamination level was drastically increased with an increase in copper ion concentration. This study 
focuses on the challenges in brush loading for metals post-CMP cleaning for the copper wafer. Our primary 
concern is the effect of copper ions on colloidal silica after CMP and during the cleaning process. The 
adsorption of copper ions on the silica particles can alter the surface chemistry of abrasives due to physical 
and chemical interaction resulting in stronger adhesion with the PVA brush. These contaminants can 
adhere strongly to PVA brush causing severe brush loading and scratch formation on the wafer surface 

 
BACKGROUND 

The Cu post-CMP cleaning process consists of acidic and alkaline chemicals for removing abrasives such 
as silica, CMP residues like CuO particles, organic residues, and pad debris. The ring-type scratch 
formation on the copper substrate during the cleaning process is a well-known phenomenon, but no study 
claims the real cause of scratch formation. The formation of aggregates due to the interaction of colloidal 
silica and CuO particles with a change in the pH of the cleaning solution was explored by Ping et al [10]. Kim 
et al. observed the ring-type scratch formation during Cu post-CMP cleaning, mainly because of the low 
chemical delivery, less organic residue dissolution, and the hydrophobic nature of residue induces direct 
contact between wafer and brush [11]. Several cleaning chemicals based on alkaline and acidic cleaning 
solution are employed to prevent particle and scratch formation [12,13]. These defects can be controlled by 



 
 

 

either reducing the post-CMP residues or selecting the proper cleaning solutions. However, developing a 
brush conditioning solution to prevent particle loading and control cross-contamination can overcome such 
defects of post-CMP cleaning.  
 

EXPERIMENTAL 
The brush contamination level was studied using the dipping experiment at varying pH conditions, as 
depicted in Fig. 1. The colloidal silica with 20 wt.% concentration and 100 nm particle size were purchased 
from AceNanochem, Korea. The interaction between the brush and colloidal silica particles was studied 
using the dipping experiment. In the dipping experiment, the brush nodules of approximately 3 mm were cut 
from a commercial 200 mm PVA brush (AION Co. Ltd., Japan), followed by dipping in colloidal silica slurry 
diluted to 0.1 wt.% at three pH conditions (3, 7, and 11). The dipped samples were rinsed with DIW and 
dried in a vacuum oven at 50 ºC for 24 h. To observe the effect of copper ions on brush loading, the brush 
samples were dipped in standard copper ions solution (ICP-MS standard solution), with varying 
concentrations (10-100 ppm) and 0.1 wt.% colloidal silica solution at different pH conditions. The copper 
adsorption inside the PVA brush was studied by dipping the brush nodules in copper ions solution with a 
concentration of 100 ppm at varying pH conditions. The samples were rinsed with DIW to observe the 
absorbed amount of copper inside the PVA brush. The morphology and the level of contamination in the 
brush nodules were examined through Field Emission Scanning Electron Microscopy (FE-SEM, S4700, 
Hitachi). The effect on particle size and electrostatic interactions at varying pH was measured using a zeta 
potential and particle size analyzer (ELS-Z, Otsuka Electronics, Japan). The concentration of copper ions 
(in ppm) was estimated using Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES, 
Spectro Arcos) analysis. 
 

 
Fig. 1: Experimental procedure for brush contamination using the dipping method 

 
DISCUSSION 

1. Interaction between colloidal silica and PVA brush at various pH conditions in dipping 
experiment 

The particle size distribution at different pH conditions was evaluated to confirm the stability of colloidal 
silica slurry. The average particle size as shown in Fig. 2(a) for the slurries was 140+5 nm at different pH 
conditions with no particle agglomeration. Thus all slurries were found to be stable at all pH conditions. The 
zeta potential values of colloidal silica slurry are all negative, as shown in Fig. 2(b). As compared to the zeta 
potential value of PVA brush at the same pH, the net interaction force between particles is repulsive for pH 



 
 

 

greater than 7. As the pH increases, more repulsive forces act between the colloidal silica and brush 
surface, and we observed minimal brush loading, as depicted from FE-SEM images in Fig. 3. However, at 
pH 3, we observed high brush loading, which can be explained by attractive electrostatic interaction 
between the brush and silica particles. The isoelectric point of colloidal silica is between 2-3; at this pH, 
more hydroxyl groups are present on the silica surface. These groups can also form hydrogen bonding with 
the brush surface, thus increasing the brush loading.  
 

 
Fig. 2: (a) Particle size distribution of silica slurry at different pH (b) Zeta Potential of silica slurry and PVA 

brush at different pH conditions 
 

 
 

Fig. 3: Colloidal silica loading to PVA brush at different pH conditions 
 

2. Interaction between metal ions and PVA brush at various pH conditions in dipping experiment 
The adsorption of copper ions at different pH conditions with the brush was studied by dipping the brush 
nodules in Cu ions solution at different pH solutions. At pH 3, Cu ions exist as ions due to high stability in the 
acidic medium. However, some ions can interact with the brush surface and adsorption can occur. With the 
change in pH, the ions get converted into Cu(OH)2,

 usually at the transition pH of 6 [14]. Gradually, the 
formation of CuO occurs with an increase in alkaline conditions. As shown in Fig. 3, the brush surface at pH 



 
 

 

3 is clean due to the adsorption of Cu ions (no Cu by-products) on the brush surface. As the pH changes, 
the ions get converted to Cu(OH)2, and we observed needle-like structures at pH 7 with high brush loading 
due to the formation of Cu by-products. 

 

Fig. 4: (a) Brush loading by dipping in Cu ions solution at various pH and (b) ICP-AES analysis of Cu 
contaminated nodule with and without rinsing with DIW 

 
The Cu(OH)2 changes to stable CuO on further increasing the pH, and big particles are observed on the 
brush surface. The ICP-AES analysis of Cu-contaminated nodules shows a high concentration at pH 7, 
followed by pH 3 and 11, as shown in Fig. 4(b). On rinsing the contaminated nodule with DIW, the copper 
concentration reduces significantly for pH 3.  

 
Fig. 5: Brush loading in the presence of copper ions at different pH conditions 

 
However, for pH 7 and 11 contaminated nodules, a large amount of absorbed Cu was still inside brush 
nodules. This might be due to the formation of the Cu(II)-PVA complex formation inside the brush [15]. 
Hence, the brush could be severely contaminated with copper impurities in neutral and alkaline conditions. 

 
3. Interaction between colloidal silica, metal ions, and PVA brush at various pH conditions in 

dipping experiment. 



 
 

 

 
The effect of colloidal silica, copper ions, and PVA brush at different concentrations was studied using the 
dipping experiment. As shown in Fig. 5, the brush loading is observed to increase with the increase in Cu 
ions concentration for all pH conditions. High particle loading increases gradually from 10 ppm Cu ions 
concentration and becomes severe at Cu ion concentration higher than 100 ppm.  
 
In the case of the brush dipped in only colloidal silica at pH 7 and 11, no contamination was observed but, in 
the presence of copper ions, significant brush loading appears on the brush surface. Hence, not only 
electrostatic interaction but chemical interactions might play a dominant role in brush loading in such 
conditions. This phenomenon can be explained by the destabilization of silica particles due to interaction 
with copper ions. The silica particles can interact with Cu ions via a metal bridging mechanism, also known 
as the inner-sphere mechanism as shown in Fig. 6 [9]. The adsorption of Cu ions onto the silica surface 
could result in a Cu(II)-silica complex that might have stronger interaction with the PVA brush.  
 

 
Fig. 6: Proposed Mechanism of the interaction of Cu ions and silica particles 

 
CONCLUSIONS 

Our study discussed the interaction between silica and copper ions and its impact on PVA brush loading 
using FE-SEM, zeta potential, DLS analysis and ICP-AES. The brush loading in presence of only silica was 
high at pH 3 compared to other pH conditions. The brush loading was also affected by the presence of 
copper ions in the slurry. With the increase in copper ions concentration, brush loading was significantly 
increased. The study also shows that particle formation can also take place without the presence of 
abrasives. Cu ions loading can occur inside the PVA brush at pH >7. Hence, it is essential to understand the 
chemical interaction between the copper ions, silica, and brush surface to prevent high brush loading during 
copper post-CMP cleaning. 
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