
-271-

* 

Department of Materials Science and Engineering National Cheng Kung University Tainan, Taiwan, R.O.C.

271 280 91 12

Journal of Chinese Corrosion Engineering, Vol.16 No.4, PP. 271~280 (2002)

-

Effects of Slurry Composition and Mechanical Parameter on the

Electrochemical Behaviors of Aluminum During CMP Process

Yi-Hsiung Lin, Jui-Chin Chen, and Wen-Ta Tsai 

ABSTRACT
The electrochemical behaviors of Al during chemical mechanical polishing (CMP) process

were investigated. The effects of pH and H
2
O

2
on the chemical dissolution rate at static state or

under polishing condition were explored. The influences of polishing pressure and platen speed on

the changes of electrochemical behavior and removal rate were also studied. The experimental

results showed that Al exhibited stable passivation in the slurry investigated at stress free condition.
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Both the corrosion potential and the current density were increased by reducing the pH and/or by adding H
2
O

2
in the

slurry. Under polishing condition, however, passivation could no longer exist. The removal rate was decreased slightly

while the dissolution current density was increased by increasing the pH of the slurry. The adding of H
2
O

2
caused an

increase of corrosion potential by 500mV but without affecting the current density. The experimental results also

showed that either platen speed or polishing pressure exerted no effect on the potentiodynamic polarization behavior

under polishing condition, demonstrating the negligible effect of mechanical factor on the electrochemical reaction.

Furthermore, the results clearly showed that though Preston’s equation was not obeyed the removal rate was still

increased with increasing polishing pressure and platen speed. The XPS analyses reveal that the formations of Al
2
O

3

and AlPO
4
were prevailed when the slurry pH was increased.
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1 .

Table 1. Chemical composition of aluminum.

2 . H
3
PO

4
+ citric acid 30

XPS Al P O 

Table 2. XPS for Al, P and O after immersing Al in

H
3
PO

4
+ citric acid solution for 30 minutes. 

1 .

Fig.1 Schematic diagram showing the polisher

connecting with the electrochemical

instruments.
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2 . pH H
2
O

2
2.5vol. H

2
O

2

5vol. H
3
PO

4
+ 0.5M citric acid 

Fig.2 Effects of pH and H
2
O

2
on the potentiodynamic

polarization curves of aluminum in 5vol.

H
3
PO

4
+ 0.5M citric acid solutions.

3 . H
3
PO

4

Fig.3 Schematic diagram showing the effect of

contact pressure on the anodic polarization

behavior of aluminum in H
3
PO

4
solution.

4 . pH=3 pH=4 5vol. H
3
PO

4
+ 0.5M

citric acid 30 

XPS Al 2p
1/2

P 2p
1/2

Fig.4 XPS for Al 2p
1/2

and P 2p
1/2

after immersing Al

in 5vol. H
3
PO

4
+ 0.5M citric acid solutions

with pH=3 and pH=4 for 30 minutes.
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5 . pH=3 5vol. H
3
PO

4
+ 0.5M citric

acid + 2.5vol. H
2
O

2
30 

XPS Al 2p
1/2

P 2p
1/2

Fig.5 XPS for Al 2p
1/2

and P 2p
1/2

after immersing Al

in 5vol. H
3
PO

4
+ 0.5M citric acid + 2.5vol.

H
2
O

2
solutions with pH=3 for 30 minutes.

6 . H
2
O

2

5vol. H
3
PO

4
+ 0.5M citric acid + 5wt.

Al
2
O

3 
(0.05 m) 

Fig.6 Effect of H
2
O

2
on the potentiodynamic

polarization curves of aluminum in 5vol.

H
3
PO

4
+ 0.5M citric acid + 5wt. Al

2
O

3
(0.05

m) slurry.
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7 . pH 5vol. H
3
PO
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+ 0.5M

citric acid + 2.5vol. H
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2
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Fig.7 XPS for Al 2p
1/2

and P 2p
1/2

after Al CMP in

5vol. H
3
PO

4
+ 0.5M citric acid + 2.5vol.

H
2
O

2
+ 5wt. Al

2
O

3
(0.05 m) slurry with

different pH.
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2
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Fig.8 XPS for Al 2p
1/2

and P 2p
1/2

after Al CMP in

5vol. H
3
PO

4
+ 0.5M citric acid + 2.5vol.

H
2
O

2
+ 5wt. Al

2
O

3
(0.05 m) slurry with and

without 2.5vol. H
2
O

2
(pH=3).
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9. H
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3
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Fig.9 Effect of pH on the removal rate of aluminum

CMP in 5vol. H
3
PO

4
+ 0.5M citric acid +

5wt. Al
2
O

3
(0.05 m) slurry with and

without H
2
O

2
.

1 0 . pH=4 5vol. H
3
PO

4
+ 0.5M citric acid

+ 2.5vol. H
2
O

2
+ 5wt. Al

2
O

3
(0.05 m) 

Fig.10 Effect of polishing on the potentiodynamic

polarization curves of aluminum in 5vol.

H
3
PO

4
+ 0.5M citric acid + 2.5vol. H

2
O

2
+

5wt. Al
2
O

3
(0.05 m) solutions with pH=4.

11. pH=4 5vol. H
3
PO

4
+ 0.5M citric acid

+ 2.5vol. H
2
O

2
+ 5wt. Al

2
O

3 
(0.05 m) 

100 rpm

Fig.11 Effect of down force on the removal rate and

the dissolution rate of aluminum at a platen

speed of 100 rpm in 5vol. H
3
PO

4
+ 0.5M

citric acid + 2.5vol. H
2
O

2
+ 5wt. Al

2
O

3

(0.05 m) slurry with pH=4.

1 2 . pH=4 5vol. H
3
PO

4
+ 0.5M citric

acid + 2.5vol. H
2
O

2
+ 5wt. Al

2
O

3 
(0.05 m)

5 psi

Fig.12 Effect of platen speed on the removal rate and

the dissolution rate of aluminum at 5 psi down

force in 5vol. H
3
PO

4
+ 0.5M citric acid +

2.5vol. H
2
O

2
+ 5wt. Al

2
O

3
(0.05 m) slurry

with pH=4.


