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ABSTRACT: One of the current innovation trends in the solar industry is the increase in the size of silicon wafers. As the wafer size
increases, the series resistance of the module rises, highlighting the need for research on methods for cutting and bonding solar cells.
Among these, the Infrared (IR) laser scribing technique has been extensively researched. However, there is still insufficient optimization
research regarding the thermal damage caused by lasers on the Transparent Conductive Oxide (TCO) layer of Heterojunction (HJT)
solar cells. Therefore, in this study, we systematically varied conditions such as IR laser scribing speed, frequency, power, and the
number of scribes to investigate their impact on the performance of cut cells under each condition. Additionally, we conducted a
comparative analysis of thermal damage effects on the TCO layer based on varying scribing depths.
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Fig. 1. Separation process of HJT cells using IR laser
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Fig. 2. (a) SEM depth images for scribing depths below 40% of
cell thickness, damaged cells, (b) SEM depth images for
scribing depths of 40% or more resulting in separated cells

Fig. 3. SEM images for scribing depth under the conditions of
120 kHz frequency and 16.5 W power
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Fig. 4. Depth variation according to frequency at Power 9.41 W
(a) and depth variation according to power at Frequency
110 kHz (b), with SEM images inserted in the graphs
depicting each variation
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Table 1. Cell IV data with frequency variation

Power 9.41 W
Frequency 30 kHz 70 kHz 110 kHz
VOC (V) 0.7225 0.7202 0.71585
FF (%) 73.0327 74.0593 76.537
Ex (%) 20.0865 20.7115 20.53513
Prnax (W) 1.1056 1.14 1.13026
Isc (A) 2.081 2.0904 2.0612
Table 2. Cell IV data with power variation
Frequency 110 kHz
Power 23 W 71 W 1.8 W
VOC (V) 0.7204 0.7139 0.7165
FF (%) 72.5948 75.5845 75.5174
Ex (%) 19.9131 20.0832 20.2874
Prmax (W) 1.096 1.1058 1.117
Isc (A) 2.081 2.0494 2.0287
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Fig. 5. Laser scribing optimization before (a) and after (b) HJT
single-cell characteristic changes in IV graph
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