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Abstract

Photovoltaic (PV) power system prices have been steadily dropping in recent years due to their
mass production and advances in relevant technology. Crystalline silicon (c-Si wafers) account
for the largest share of the price of solar cells; reducing the thickness of these wafers is an
essential part of increasing the price competitiveness of PV power systems. However, reducing
the thickness of c-Si wafers is challenging; typically, phenomena such as bowing and cracking
are encountered. While several approaches to address the bowing phenomenon of the c-Si solar
cells exist, the only method to study the crack phenomenon (related to the strength of the c-Si
solar cells) is the bending test method. Moreover, studies on determining the strength properties
of the solar cells have focused largely on c-Si wafers, while those on the strength properties of
front and rear-side electrodes and SiNXx, the other components of ¢c-Si solar cells, are scarce. In
this study, we analyzed the strength characteristics of each layer of c-Si solar cells. The strength
characteristics of the sawing mark direction produced during the production of c-Si wafers were
also tested. Experiments were conducted using a 4bending tester for a specially manufactured
¢c-Si solar cell. The results indicate that the back side electrode is the main component that
experienced bowing, while the front electrode was the primary component regulating the
strength of the ¢-Si solar cell.
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Fig. 1 Examples of partial process solar cells used in the experiment
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Fig. 3 Surface of c-Si wafer measured by an optical microscope
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Fig. 4 Specially manufactured solar cell 4 bending tester
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Table 1 DOE (design of experiment) for c-Si wafer experiment by Thickness

Thinckness SiNx Front electrode Back electrode
0 0 0
X 0 0
0 0 X
180 [ #m] c-Si wafer 0 X X
0 X 0
X X 0
X X X

(a) Etched c-Si Wafe 7

(c) Partially Processed Solar cell of ¢-Si wafer and front materials (d) general c-Si solar cell

Fig. 7 Actual partially processed c-Si solar cell and general solar cell
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Fig. 8 Surface of c-Si wafer measured using Alpha step
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Fig. 9 Bending test result of c-Si bare wafer
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Table 2 4bending test result of 180 [um] c-Si wafers

Category Weight [g] Thickness [ £ m] Load [N]
180 [ #m] c-Si wafer_horizontal 9.98 179.3 6.40+0.08
180 [ #m] c-Si wafer_vertical 10.01 179.9 8.71+0.07
180 [ #m] c-Si etched wafer_horizontal 8.88 159.5 7.28+£0.013
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Table 3 Bending test result of Partially Processed Solar cell

Category Num SiNx Front Electrode ~ Back side Electrode Load [N]
1 0 o o 6.78 £ 0.05
2 X 0 o 6.69 £ 0.07
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