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Abstract

Environmentally benign lead-free solder coated ribbon (e. g. SnCu, SnZn, SnBi---) has been
intensively studied to interconnect cells without lead mixed ribbon (e. g. SnPb) in the crystalline
silicon(c-Si) photovoltaic modules. However, high melting point (> 200°C) of non-lead based
solder provokes increased thermo-mechanical stress during its soldering process, which causes
early degradation of PV module with it. Hence, we proposed low-temperature conductive paste
(CP) based tabbing method for lead-free ribbon. Modules, interconnected by the lead-free solder
(SnCu) employing CP approach, exhibits similar output without increased resistivity losses at
initial condition, in comparison with traditional high temperature soldering method. Moreover,
400 cycles (2,000 hour) of thermal cycle test reveals that the module integrated by CP approach
withstands thermo-mechanical stress. Furthermore, this approach guarantees strong mechanical
adhesion (peel strength of ~ 2 N) between cell and lead-free ribbons. Therefore, the CP based
tabbing process for lead free ribbons enables to interconnect cells in c-Si PV module, without
deteriorating its performance.

Keywords: 2737 A 2] 2 g9 2] =-E(c-Si Photovoltaic module), 2 =4 H|o] A~ E(Conductive
Paste), F¢ &t (Pb-free solder), A= Ej4] -5 (Low-temperature tabbing process)
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Fig. 1 Tabbing method for PV module : (a) high temperature process, (b) low temperature CP process
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(b)
Fig. 2 (a) Dispenser equipment (b) PV modules fabricated through low temperature CP process
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Fig. 3 IV curve of PV modules using SnPb ribbon before and after thermal cycle test: (a) high temperature process, (b) low
temperature CP based process
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Fig. 4 ELimage of module with SnPb ribbon connected by high temperature process (a) before and (b) after thermal cycle

(@) (b)

Fig. 5 ELimage of module with SnPb ribbon connected by CP based method (a) before and (b) after thermal cycle test. Here

test

crack of cell is not measured before and after thermal cycle test
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Fig. 6 I-V curve of PV modules using SnCu ribbon before and after thermal cycle test: (a) high temperature process, (b) low
temperature CP based process
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Fig. 8 EL image of module with SnCu ribbon connected by CP method : (a) O cycle, (b) after 400 cycle
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Fig. 9 Comparison of copper ribbon and SnCu and SnPb ribbon I-V Curves
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Fig. 11 Peel force of SnPb ribbon connected by (a) high temperature process and (b) low temperature CP process

40 4.0 - -
= SnCu_High temp. process = SnCu_Low temp. CP process|
3.5 1 354
3.0+ 3.0
— : = 251
z z
8 20 8 204
i hd
1.5 1.5
1.0 1.04
05 054
0.0 T T T T T T T 0.0 T T T T T T
Distance [mm] Distance [mm]
(a) (b)

Fig. 12 Peel force of SnCu ribbon connected by (a) high temperature process and (b) low temperature CP process
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