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Electrochemical mechanical polishing of thin film
solar cell flexible stainless steel substrate
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Abstract: A novel method integrating electrochemical machining with mechanical action was proposed
to polish the flexible metal foil to satisfy the requirements of thin-film solar cell flexible stainless steel
substrate for lower surface roughness,higher light reflection rate and lower harmful impurity. Firstly,
a compound cathode was designed and manufactured for machining flat surfaces, meanwhile its mecha-
nism on the material removal was analyzed. Then,the electrochemical corrosion behaviors and friction
effects were analyzed based on the Faraday law and adhesion friction theory, by which the match ac-
tion between electrochemical corrosion and mechanical action was resolved. Finally, taking the 304
stainless steel sized 50 mm X 50 mm X 0. 3 mm as the workpiece,an experiment was conducted to dem-
onstrate above analysis. The results show that the surface roughness has changed from R,124 nm to
R,10 nm and the reflection rate changed from 56. 8% to 62. 4% after polishing time of 20 min. Moreo-
ver, a metal oxide layer(Fe; O3 ,Cr; ;) is formed , which blocks the diffusion of Fe and Cr. These re-
sults indicate that the method proposed has higher efficient and economical to process thin film solar

cells with flexible stainless steel foils.
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Fig. 1 Schematic view of micro-material removal

with designed compound cathode tool
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Fig. 2 Ploughing and shear model of adhesion friction
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Fig. 3 Illustration of abrasive tool’ s touch with the

workpiece with proper pressure
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Tab.1 Relation between P and h

h/pm z/mm P/kPa
3 0.1 2.7
7 0.2 5.4
11 0.3 8.1
14 0.4 10. 8
17 0.5 13.5
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Fig. 5 Photographic view of proposed ECMP
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Tab. 2 Parameters of orthogonal experiments

28 iz 5

32 e ik n/rpm 1 000,1 500,2 000,2 500
HA, T I/A 1,2,3.4

AR i Z/mm 0.1,0.2,0.3,0.4

FHAEEE f/(mm + min ) 20,40,60,80
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Tab. 3 Design of orthogonal experiments

TR R BER HE

o
F5 n/rpm I/A Z/mm  f/(mm * min ')

1 1 000 1 0.1 20

2 1 000 2 0.2 40

3 1 000 3 0.3 60

4 1 000 4 0.4 80

) 1 500 1 0.2 60

6 1 500 2 0.1 80

7 1 500 3 0.4 20

8 1 500 4 0.3 40

9 2 000 1 0.3 80

10 2 000 2 0.4 60

11 2 000 3 0.1 40

12 2 000 4 0.2 20

13 2 500 1 0.4 40

14 2 500 2 0.3 20

15 2 500 3 0.2 80

16 2 500 4 0.1 60
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Fig. 6  Contrast of mirror and optical microscopic

surface before and after ECMP
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