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ABSTRACT Double-sided photovoltaic (PV) modules have received significant attention in recent years as a technology that can
achieve higher annual energy production rates than single-sided modules. The shingled technology is a promising method for
manufacturing high-density and high-power modules. These modules are divided by laser and joined with electrically conductive
adhesives. The output efficiency of the divided cells depends on the division pattern and the electrode pattern, making it important to
understand the output characteristics. In this study, the output characteristics of large-area double-sided light-receiving shingled cells
with different split patterns and electrode patterns were investigated. The M6 size, with 6 divisions in the electrode pattern, had the
highest efficiency when using 142 front fingers and 146 rear fingers. The M10 size, with 7 divisions, had the highest output when
using 150 fingers equally in the front and rear. The M12 size, also with 7 divisions, showed the highest output characteristics when
using 192 front fingers and 208 rear fingers.
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Nomenclature Eff : efficiency, %

.. . Imp :maximum power point current, A
Jsc : short circuit current density, mA/cm’ P P P

.. Vmp : maximum power point voltage, V
Isc : short circuit current, A P P p &

FF : fill-factor, %
Subscript

Rs : series resistance, (
BOS :balance of solar
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Fig. 1. The process of making a shingled string with shingled

cells
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Table 1. Front and rear input parameter

Parameters Front Rear
Finger sheet res
2.82 10
(m€/sq)
Finger contact res
2 2 5
(mQ/cm”)
Layer sheet res
85 85
(Q/sq)
1-SUN JL
41,69 29,183
(mA/cm?) ’ :
Passivated | Metal | Passivated | Metal
JO1 (fa/em?) 168 595 13.1 794.2
J02 (nA/em’) 3 3 3 3
Front illumination 1 1
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Table 2, Comparison data between simulated values and
manufacturer supplied values

Simulation Data Provided Data

Wafer area (cm?) : 242,208

Parameters Front Rear Front Rear
Isc (A) 2.218 1.5163 9.832 7.757
Voc (V) 0.668 0.683 0.678 0.660
FF (%) 82.20 79.71 80.42 80.62

Efficiency (%) 21.91 14,85 21.90 15.00
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Fig. 2. Different electrode structure forms of ordinary (a)
bifacial cells and (b) shingled bifacial cells
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Fig. 4. Changes in Jsc and FF according to M6 divisions
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Table 3. M6/ M10/ M12
Optimized number of front fingers in the optimized
number of divisions

M6 front
“f'i‘gecr’f 138 140 142 144 150
Wafer area (cm’) : 46,011
Jsc
(et | 39421 | 39.413 | 39.399 | 89.384 | 39.34
Isc (A) | 1.8141 | 1.8135 | 1.8128 | 1.812 | 1.81
Voc (V) | 0.667 | 0.667 | 0.667 | 0.667 | 0.667
FF (%) | 81.678 | 81.709 | 81.755 | 81.775 | 81.851
Efflf;’;ncy 91478 | 21.479 | 21.482 | 21.479 | 21.474
0,
M10 front
“f'i‘gecr’f 146 148 150 152 160
Wafer area (cm?) : 47,551
Jsc
(oA oy | 39897 | B9.377 | 39.364 | 39.350 | 89,297

Isc (A) 1.873 1,872 1,8718 1871 1,868

Voc (V) 0.667 0.667 0.669 0.667 0.667

FF (%) | 8L71 | 8177 | 8181 | 81812 | 81.92

Efﬁ(c(;;my 91466 | 21.472 | 21.475 | 21.468 | 21.466
0,
M12 front
Num of
T 186 188 190 192 194
Wafer area (cm?) : 63,402
IS¢ | 99464 | 30453 | 39.441 | 39,420 | 39,418

(mA/cmZ) . . . . .

Isc (A) | 2502 | 2,501 | 2.5006 | 2.500 | 2.499

Voc (V) 0.667 0.667 0.667 0.667 0.667

FF(% | 8152 | 8157 | 81.62 | 81.646 | 81.651
Efﬁ(c(;;my 9146 | 21.468 | 21.475 | 21.476 | 21.47
0,
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Table 4. M6/ M10/ M12

Rear output characteristics according to the number
of rear fingers

M6 rear
Num of
finger 140 144 146 148 150
Wafer area (cm?) : 63,402
IS¢ 96096 | 26.976 | 26.966 | 26.956 | 26.946
(H]A/sz) . . . . .

Isc (A) 1.242 1.241 1.2408 | 1.2403 | 1.2398

Voe (V) 0.684 0.684 0.684 0.684 0.684

FF (%) 78.88 78.99 79.04 79.07 79.1

Efﬁ(cxncy 14.570 | 14.575 | 14.5761 | 14.576 | 14.575
0,
M10 rear
Num of
el 146 148 150 152 154
Wafer area (cm?) : 47.551
IS¢ og0dn | 26,924 | 26.924 | 26.915 | 26.906

(H]A/sz) . . . . .

Isc (A) 1.281 1.280 1.280 1.280 1.280

Voc (V) 0.684 0.684 0.684 0.683 0.683

FF (%) 79.11 79.293 | 79.293 | 79.231 79.2

Efﬁ(cxncy 14.570 | 14.596 | 14.5964 | 14.5722 | 14.572
0,
M12 rear
Num of
e 206 208 210 212 214
Wafer area (cm?) : 55 584
IS¢ 96097 | 26,993 | 26.985 | 26.977 | 26.969

(HlA/CmZ) . . . . .

Isc (A) 1,501 1,500 1,500 1,500 1.499

Voc (V) 0.683 0.683 0.683 0.683 0.683

FF (%) 78.76 78,78 78.80 78.84 78,87

Efficiency

14,527 | 14.529
(%)

14,5287 | 14,5284 | 14 5282
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