
The Effect of PVA Brush Scrubbing on Post CMP Cleaning Process for 
Damascene Cu Interconnection 

Hanchul Cho1, Youngmin Kim1, Hyunseop Lee1, Sukbae Joo1, Haedo Jeong1, a  
1Graduate School of Mechanical Engineering, Pusan National Univ., San 30 Jangjeon-dong 

Gumjeong-gu Busan 609-735, Korea 
ahdjeong@pusan,ac,kr 

Keywords: Post-Cu CMP cleaning, PVA brush, non-contact mode, hydrodynamic drag force. 

Abstract 
 Post-Cu (Copper) CMP (chemical mechanical polishing) cleaning process is a major challenge in the 
interconnection structure for semiconductor manufacturing. A PVA (polyvinyl alcohol) brush 
scrubbing is the traditional method for post-Cu CMP cleaning. After CMP process, many colloidal 
silica particles remained on the Cu line, rather than PETEOS (plasma enhanced tetraethylorthosiliate) 
line owing to the difference of polarity of zeta potential. Non-contact PVA scrubbing generated 
hydrodynamic drag force, which was used to remove particles without inflicting damage on the Cu 
line. The experimental results showed that abrasive particles were effectively removed in those cases 
using a high PVA brush rotating speed. In case of the surface dipped in the slurry, abrasive free 
surface could be obtained at 240rpm. However, abrasive free surface could not be obtained at 240 
rpm in the polished wafer because of deformation adhesion force. In the case of the polished wafer, 
abrasive free surface could be obtained using a higher speed (280rpm) and a long process time 
(120sec). 

Introduction 
Cu (copper) has been widely used for interconnection structure in integrated circuits because of its 
properties such as a low resistivity and high resistance to electromigration when compared with 
aluminum [1, 2].  Damascene process for the interconnection structure utilizes 2-steps CMP 
(chemical mechanical polishing). After 2-steps CMP process leaves many abrasive particles on the 
wafer surface, which should be removed in post-Cu CMP cleaning process. Cleaning efficiency 
affects directly on the subsequent process and device yield [3]. Therefore, cleaning of abrasive 
particles is the critical issue in semiconductor manufacturing.  
The PVA (polyvinyl alcohol) brush scrubbing method has been the method of choice that is usually 
used in the cleaning process with chemical solutions. The PVA brush scrubbing can be classified into 
two broad categories, based on its contact type (non-contact, full contact). Full contact scrubbing is 
considered to be one of the most effective cleaning methods of removing contamination from the 
wafer surface [4]. However, many researchers blame that the full contact scrubbing induces the 
scratches on the wafer surface and suggest that the full contact should be avoided [5]. Non-contact 
has weak removal force but does not make scratches. If the removal force can overcome the adhesion 
force with cleaning solution through the maximization of hydrodynamic drag force in non-contact 
mode, non-contact mode scrubbing will be the best cleaning method. For the maximization of 
hydrodynamic drag force by small gap between brush and wafer, piezo-sensor (disk type) was 
mounted on the wafer to detect the signal generated by the contact. To investigate adhesion of the 
abrasive particles on Cu and PETEOS (plasma enhanced tetraethylorthosiliate), the relative zeta 
potential among the colloidal silica abrasive, Cu and PETEOS was measured. In this paper we 
investigated the effect of PVA brush non-contact scrubbing on post-CMP cleaning. 

 
 
 



Experiments 
The abrasive adhesion on the Cu and PETEOS surface was investigated to measure the relative zeta 
potential among the colloidal silica, PETEOS and Cu surface by a zeta potential analyzer (ELS-8000, 
Otsuka Electronics, Co.). The CMP slurry used in the experiment was commercial slurry (TST-D2, 
Techno Semichem, Co.) with colloidal silica abrasives (mean diameter ~ 60nm, 4.75 wt%). To 
investigate the effect of the hydrodynamic drag force induced by a PVA brush rotation in non-contact 
mode, R&D cleaner (GnP Cleaner 428, GnP tech., Co.), controllable to the rotation from 60 to 240 
rpm, was used in the experiment. The cleaner can adjust the gap between the brush and wafer. Fig. 1 
shows a schematic diagram for acquisition of the signal during the contact or non-contact. The sensor 
was mounted on the backside of the wafer. The detected signal is processed through a set of 
conditioning devices and the converted to root 
mean square (RMS) value. Finally, the RMS 
signal monitored the contact status. The cleaning 
solution was composed of citric acid and BTA 
(benzotriazole), which was used as a corrosion 
inhibitor. To investigate the actual adhesion, Cu 
and PETEOS wafer were immersed in the slurry 
for 1min and dried by N2 blowing. These results 
were compared with the zeta potential. Before 
and after cleaning, contamination level was 
measured by using a field emission scanning 
electron microscopy (FESEM). 
 
Results and discussion  
Hydrodynamic drag force was used by brush rotation as shown in Fig. 2. The drag force on an 
immersed particle with a cross-sectional area Ao is expressed as Eq. 1 [5]. 
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The drag force on a spherical particle in a Newtonian fluid can be expressed in Eq. 2 [5]. Drag force 
increase linearly according to the increase of the brush rpm as following equation. 
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In Eq.2, lρ is the density of cleaning solution, dp the diameter 
of the particle, and u is the stream velocity, which depends 
on the gap between the brush and the wafer. CD is drag 
coefficient. For 10nm~10㎛ abrasive particles exposed to a 
velocity corresponding to a Reynolds number of 0.04~40 
based on the particle diameter, CD can be expressed in Eq. 3 
[5].  
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pRe = Reynolds number  

To investigate the colloidal silica abrasive adhesion on the 
interconnection structure composed of Cu and PETEOS, Cu 
wafer and PETEOS were dipped in the slurry, rinsed by DIW and dried by N2 blowing. Fig. 3(a) 
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Figure 1: Schematic diagram of signal processing 

 

Figure 2: Non-contact mode abrasive particle 
rolling removal mechanism 



shows FESEM image of Cu surface after the dipping and rinsing test.  The image of colloidal silica 
abrasive on the PETEOS was shown in Fig. 3(b). Different adhesion was induced by different zeta 
potential polarity as shown in Table Ⅰ. Fig. 4 shows the FESEM image of Cu / PETEOS 
interconnection structure after the second step polishing and DIW rinsing. A lot of colloidal silica 
abrasives still remain selectively on the Cu surface, rather than PETEOS surface. Therefore, we 
should focus on abrasive removal on the Cu for interconnection structure cleaning process. 
 

 
 Fig.5 shows the fast fourier transform (FFT) of the 
signal at 240 rpm. In case of contact mode, high 
amplitude was shown at the close 64 ㎐. The contact 
signal disappeared at the close 64Hz when the brush 
didn’t contact with the wafer, and the minimum brush 
gap could be obtained. 
 Fig. 6 shows the FESEM images of Cu surface 
after cleaning in different brush rotation rpm. 
Before the cleaning, there are a lot of abrasive 
particles on the Cu surface. When the brush 
rotational speed was 60 rpm, a lot of abrasive 
particles still remained in the Cu surface. Abrasive 
particles were not removed completely at 120 rpm. 
Particles were removed completely at 240 rpm. 
However, particles were not removed completely 
on the polished Cu surface at 240 rpm. Colloidal 
silica could be embedded in the Cu surface by the 
mechanical force generated in CMP process. 
Removal force was not over adhesion force that 
included deformation adhesion force. Fig. 7 shows 
FESEM images of interconnection structure after cleaning in 280 rpm for 120 sec. The completely 
cleaned surface could be obtained in higher rpm and longer process time. 

 
Figure 6: FESEM images of Cu surface after cleaning: a) 60 rpm 60 sec, b) 120 rpm 60 sec, c) 240 rpm 60 sec, d) 240 rpm 
60 sec on the polished Cu 

Figure 3: After dipping and rinsing, FESEM images (a) Cu 
surface (b) PETEOS surface 

 
Figure 4: FESEM image after 

dipping and rinsing on Cu/PETEOS surface 
 
Table I: Relative zeta potential between Cu 
andcolloidal silica and between PETEOS and 
colloidal silica. 
Wafer Surface zeta 

(mV) 
Abrasive zeta 
(mV) 

Cu -3.26 1.61 
PETEOS -26.25 -89.45 

 

Figure 5: FFT analysis of signal according to contact 
mode 
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Figure 7: FESEM image of 
interconnection structure after 
cleaning (280 rpm, 120 sec) 

 

Summary  
For interconnection structure composed of Cu and PETEOS cleaning, Cu cleaning is the critical issue 
because of different sign of relative zeta potential between Cu and colloidal silica. We could make 
small gap and a high hydrodynamic drag force as detecting the contact signal. Hydrodynamic drag 
force is higher than adhesion force without deformation adhesion force at 240 rpm, but lower than it 
with deformation adhesion force. Higher speed and longer process time (280 rpm, 120 sec) can 
remove the abrasive particles. The abrasive particles on Cu surface can be effectively removed by 
hydrodynamic drag force without damages of Cu surface. 
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