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Abstract: In the past, the efficiency of solar cells had been increased in order to increase the efficiency of solar modules.

However, in recent years, in order to increase output in the solar industry and market, the competitiveness of solar cells based

on large-area solar cells and multi-bus bar has been increasing. Multi-busbar solar module is a technology to reduce power loss
by increasing the number and width of the front busbar of the solar cell and reducing the current value delivered by the busbar

by half through half-cutting. In the case of the existing M2 (156.75><156.75 mm?) solar cell, even with a half-cut, power loss

could be sufficiently reduced, but as the area of the solar cell is enlarged to more than M6 (166<166 mm?), the need for more

divisions emerged. This affected not only solar cells but also inverters required for module array configuration. Therefore, in

this study, the electrical characteristics of a large-area solar cell and after division were extracted using Griddler simulation. The
output characteristics of the module were predicted by applying the solar cell parameters after division to PSPice, and a guideline

for the large-area solar module design was presented according to the number of divisions of the large-area solar cell.
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Fig. 1. Drawings of large-area solar cells according to the number of
division.

Table 1. Comparison of simulation and manufacturer’s large-area solar cell characteristics.

M6 M10 M12
Parameter - - -
Griddler Manufacturer Griddler Manufacturer Griddler Manufacturer

Voc (V) 0.690 0.686 0.690 0.687 0.689 0.689
Isc (A) 11.116 11.204 13.425 13.48 17.801 18.054
Pmax (W) 6.281 6.28 7.595 7.59 10.111 10.13
Vmax (V) 0.593 0.586 0.594 0.611 0.596 0.593
Imax (A) 10.584 10.713 12.784 12.43 16.963 17.088
Fill factor (%) 81.786 81.679 81.894 82.009 82.35 81.461
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Fig. 2. Module structure according to the number of multi-busbar cell
strips connections: (a) 12 connection 12 string, (b) 9 connection 16
string, and (c) 6 connection 24 string.

Table 2. Comparison of micro-gap module area of M10 solar cell.
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Micro-gap module area

Type (M10)
Width (mm) Length (mm) Area (cm?)
(a) 1,134 2,241 25,412.94
(b) 1,502 1,692 25,413.84
(c) 2,238 1,143 25,580.34
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Fig. 3. Simulation schematic of multi-busbar solar module.
Table 3. Total wire resistance according to division.
M6 MI10 MI12
Half-cut Half-cut 3-cut 4-cut Half-cut 3-cut 4-cut
Total
. 2.382 2.901 1.937 1.455 4.016 2.680 2.013
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Table 4. Cell strip characteristic values of large-area solar cells extracted with griddler.

Parameter M6 MI10 MI12
(Griddler) Half-cut Half-cut 3-cut 4-cut Half-cut 3-cut 4-cut
Size (cm?) 137.07 165.07 109.85 82.26 220.48 146.98 110.23
Voc (V) 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Isc (A) 5.55 6.71 4.46 3.34 8.90 5.93 4.45
Pmax (W) 3.138 3.795 2.516 1.886 5.055 3.372 2.517
Vmax (V) 0.59 0.59 0.59 0.59 0.59 0.59 0.59
Imax (A) 5.29 6.39 4.25 3.18 8.48 5.65 4.24
Fill factor (%) 81.74 81.84 81.54 81.66 82.31 82.41 82.01
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Table 5. Cell strip characteristic values of large-area solar cells converted to PSPice devices.

Parameter M6 M10 M12
(PsPice) Half-cut Half-cut 3-cut 4-cut Half-cut 3-cut 4-cut
Size (cm?) 137.07 165.07 109.85 82.26 220.48 146.98 110.23
Voc (V) 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Isc (A) 5.55 6.71 4.46 3.34 8.90 5.93 4.45
Pmax (W) 3.138 3.799 2.520 1.890 5.056 3.375 2.521
Vmax (V) 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Imax (A) 5.23 6.32 4.20 3.15 8.42 5.62 4.20
Fill factor (%) 81.70 81.83 81.66 81.80 82.17 82.26 82.05
APm (%) 0.01 0.11 0.16 0.21 0.02 0.09 0.16
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Fig. 4. Module structure according to the number of divisions of
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Table 6. Simulation characteristic values of large-area solar modules.
Parameter M6 M10 M12
(PsPice) Half-cut Half-cut 3-cut 4-cut Half-cut 3-cut 4-cut
Size (m?) 2.126 2.541 2.548 2.554 2.805 2.812 2.818
Voc (V) 49.71 49.71 74.58 99.45 41.36 62.04 82.74
Isc (A) 10.83 13.08 8.71 6.52 17.34 11.57 8.68
Pmax (W) 436.13 526.36 527.42 528.91 578.39 586.50 586.62
Efficiency (%) 20.50 20.71 20.69 20.70 20.61 20.85 20.81
Vmax (V) 425 42.6 64.4 86.4 352 53.5 71.7
Imax (A) 10.26 12.35 8.18 6.12 16.43 10.96 8.18
Fill Factor (%) 80.98 80.94 81.17 81.46 80.64 81.67 81.61
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