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Study on New Two—Step Photovoltaic Modulization without

a High—Temperature Tabbing Process

Sang—Yup Baek

Dept. of Graphic Arts Engineering, Graduate school,

Pukyong National University

Abstract

Crystalline silicon solar cells undergo a tabbing process that uses a metal ribbon to serially
connect the solar cells due to the low voltage of less than 700mV. In order to dissolve the
solder alloy coated on the metal ribbon, the tabbing process proceeds at a high temperature,
which causes micro—cracks and bowing phenomenon due to the generated thermal and
mechanical stress in the solar cell during the tabbing process, thereby deteriorating the long—
term reliability of the photovoltaic module. In this study, we propose a new photovoltaic
modulization that can manufacture photovoltaic module by lay—up and lamination process
using low melting point metal ribbon without a high—temperature tabbing process. This new
modulization (Layup—Only Modulization, hereinafter abbreviated as LOM) is proposed. The
electrical characteristics between the module manufactured through the LOM technology and
the conventional soldering method is analyzed under the initial and after thermal

environmental test.
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Figure 9. EVA sheet and metal ribbon used in the experiment

Table 1. Meting and solidus temperature data of solder alloys ! ®’

Solder alloy Melting Solidus
temperature (°C) temperature (°C)

Sn40.5/Bi58/Ag1.5 139 138
Sn60/Pb40 190 183
Sn95/Ag05 240 221

Sn77.2/In20/Ag2.8 187 175
Sn97/Cu03 300 227
Sn95.5/Ag4.0/Cu0.5 220 217
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Figure 10. Solar cell used in the experiment (unit module)
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cell in contact with the metal ribbon
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Figure 16. -V characteristics of photovoltaic module on temperature variation
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Figure 17. Solar simulator used to measure unit module efficiency by courtesy of the

photovoltaic laboratory, Korea Institute of Energy Research
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Figure 19. Solar cell used in the experiment (2 x 2 module)
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Figure 20. Bubble generation due to UV—bond during laminating process
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Figure 21. Manufactured 2 x 2 module without bubble generation
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Figure 22. EVA sheet with metal ribbons manufactured using glue gun
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Figure 23. Drawing for the manufacture of 2 x 2 module, a) CAD program drawing

and b) size comparison of printed drawing and solar cell
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Figure 25. Comparison of LOM technology and conventional modulization
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Figure 26. Temperature and pressure conditions of lamination process
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Figure 28. Schematic illustration of contact points in photovoltaic module

manufactured by LOM technology
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Figure 29. Image of SnPb metal ribbon, a) before hot pressing and b) after hot

pressing
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Figure 30. Image of BiSnAg metal ribbon, a) before hot pressing and b) after hot

pressing
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Figure 32. Contact resistivity measurement result according to temperature variation
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Table 2. Failure rate of photovoltaic module in external environment‘? ®’

Corrosion 415.3%
Cell or interconnect breaks 40.7%
Output lead problems 3.9%
Junction box problems 3.5%
EVA sheet delamination 3.4%
Overheated wirers, diodes, terminal strips 1.5%
Mechanical damage 1.4%
Defective bypass diodes 0.2%

Sum 100%
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Electric shunt generation at the edge of solar cell

Optionally applying insulating paste

Figure 46. a) possibility of electric shunt due to metal ribbon and b) applying

insulation paste to metal ribbon touching the edge of solar cell
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Figure 52. Electrical shunt due to thermal expansion and contraction of metal ribbon
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