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ABSTRACT

The electrochemical behavior of copper in citric acid solution and surface morphology after

CMP (Chemical-Mechanical Polishing) were investigated. The addition of hydrogen peroxide in

the range of 0~12 vol.% would cause an increase in the corrosion potential of copper from -40 to

470 mV (vs SCE) in citric acid solution. The dependence of corrosion rates on the concentration

of hydrogen peroxide, in terms of corrosion current density measured by Tafel extrapolation and

dissolved metallic ion concentration measured by ICP were all consistent. The results showed that

the corrosion rate increased with the concentration of hydrogen peroxide in the range of 0 ~ 6

vol.%, while it decreased beyond 6 vol. %. Under the conditions simulating CMP processes, the

experimental results showed that the metal removal rate of copper could be greatly increased with

the addition of hydrogen peroxide. Examination of surface morphology using atomic force
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microscope (AFM) also revealed that the presence of hydrogen peroxide could cause a significant reduction in surface

roughness of copper chemical-mechanically polished in citric acid solution.

Keywords: copper; electrochemical behavior;  hydrogen peroxide; chemical-mechanical polishing (CMP).
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1. X (XPS) 
[18]

Table 1. Binding energy of Cu (2p
3/2

) by XPS analysis
[18]

2.

Table 2. Removal rate and average roughness of copper

after CMP in various solutions.

1. (0 2 4 6 12

vol. % ) 0.0078 M 

Fig. 1 Effect of various H
2
O

2
concentrations

(0~12vol.%) on the potentiodynamic

polarization curves of copper in 0.0078 M

citric acid solution.

2. 0.0078 M 

Fig. 2 Effect of H
2
O

2
concentration on the corrosion

potential of copper in 0.0078 M citric acid

solution.
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3. (0 2 4 6 12

vol. % ) 

Fig. 3 Effect of H
2
O

2
concentration on the open

circuit potential of copper in 0.0078 M citric

acid solution.

4. 0.0078 M 

Fig. 4 Effect of H
2
O

2
concentration on the dissolution

rate of copper in 0.0078 M citric acid solution.

5. 

AES 

Fig. 5  AES analysis for copper in 0.0078 M citric

acid with various concentration of H
2
O

2
.

6. (0 2 6 12 vol.

% ) 1 

XPS 

Fig. 6 XPS for Cu (2p
3/2

) spectrum after immersion

for 1h of copper in 0.0078 M citric acid

solution with various concentration of H
2
O

2

(0,2,6,12 vol.%).
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Fig. 7 Decovolution of XPS spectrum of Cu ( 2p 
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)

after immersion for 1h in 0.0078 M citric acid,

(a) without H
2
O

2
, (b) 2vol.% H

2
O

2
.

8. 800 

Fig. 8 The AFM image of copper after polishing with

#800 SiC paper.
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Fig. 9 The AFM image of copper after CMP in (a)

0.0078 M Citric Acid, (b) 0.0078 M Citric

Acid + 1 wt% Al
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