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Simulation of Shingled String Characteristics Depending on Cell Strips Type for
High Power Photovoltaic Modules
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Abstract: Recently, with the increase in the use of urban solar power, solar modules are required to produce high power
in limited areas. In this report, we proposed the fabrication of a high-power photovoltaic module using shingles
technology, and developed accurate string characteristic simulations based on circuit modeling. By comparing the
resistance components between the interconnected cells and the cell strips, the ECA resistance was determined to be
0.003 Q. Based on the equivalent circuit of the modeled shingled string, string simulation was performed according to
the type of cell strip. As a result, it was determined that the cell efficiency of the 4-cell strip was the highest at 19.66%,
but the efficiency of the string simulated with the 6-cell strip was the highest at 20.48% in the string unit.
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Fig. 1. Concepts of (a) conventiona and (b) shingled string.
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Fig. 2. Single-diode model of solar cell.
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Fig. 3. Circuit model of shingled string through an electricaly
conductive adhesive.
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Fig. 4. (@) Front and (b) back photographs of passivated emitter
and rear cell.
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Fig. 5. Laser-scribed lines on the (@) front and (b) rear sides, and
(c) photograph of cel strips.
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Table 1. Properties of interconnected cells and cell strips.

Fronite .0 s oer s NEirs

% . e Parameter Cell strips Interconnected cells
MRS 5 BEr I % [mA/cnT] 38.85 19.97
] 503 Ve [V] 0.672 1.335
FF [%] 78.04 77.44
Eff [%] 20.38 20.63
Fig. 6. (@ Cross-sectiond image of interconnected cdl and (b) ECA P [W] 1.253 2.479

image applied on front busbar. Rs [2] 0.0112 0.0254
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Table 2. Comparison of measured interconnected cdlls and smulation
results.

Interconnected Interconnected
. . . . Measured
Parameter cell simulation cell smulation aue
(Reca: 16 uQ) (Reca: 3 mQ) v
J (mA/cm?) 19.88 19.88 19.97
Vo (V) 1.340 1.340 1.335
FF (%) 78.01 7753 77.44
Eff (%) 20.79 20.66 20.63
P [W] 2.499 2.483 2.479

Table 3. Optimized characteristics of cell strips depending on
cel strips type.

Parameter 3 odl drips 4 odl grips 5 odl drips 6 odl drips
Je [mA/em?  39.07 38.96 3871 38.36
Ve [V] 0.631 0.630 0.628 0.627
FF [%] 79.31 80.22 80.82 81.03
Eff [%] 19.53 19.66 19.62 19.48
Pn [W] 1.600 1.208 0.965 0.798
Metal area [%] 6.471 6.731 7.340 8.165
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