Regular Paper
J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 31, No. 5, pp. 290-294 July 2018
DOI: https://doi.org/10.4313/JKEM.2018.31.5.290
ISSN 1226-7945(Print), 2288-3258(Online)

Shingled 2=

o o=
M2S 98

290

2 gt A1l B AIR&DATE

Optimization of Solar Cell Electrode Structure for Shingled Module
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Abstract: The shingled photovoltaic module can be produced by joining divided solar cells into a string of busbarless
structure and arranging them in series and parallel to produce a module, in order to produce a high output per unit area.
This paper reports a study to optimize solar cell electrode structure for shingled photovoltaic module fabrication. The
characteristics of each electrode structure were analyzed according to the simulation program as follow: 80.62% fill
factor in the six-junction solar cell electrode structure and 19.23% efficiency in the five-junction electrode structure.
Therefore, the split electrode structure optimized for high-density and high-output shingled module fabrication is the

five-junction solar cell electrode structure.
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NOMENCLATURE
Ve . Open-circuit voltage
J : Short circuit current density
FF . Fill-Factor
Eff . Efficiency
Vmp : Maximum power point voltage
lmp : Maximum power point current
Jnp : Maximum power point current density

Rs . Series resistance
R« : Shunt resistance
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Fig. 2. Electrode structure for five shingled solar cell.
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Fig. 1. Singled photovoltaic module structure. Fig. 3. Electrode structure of 5 divided solar cell.
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Table 1. Input parameters of griddler simulation program for
electrode structure optimization.

Input parameters

Finger sheet resistance 3 ml/x
Busbar sheet resistance 3 ml/x
Finger contact resistance 2 mQ/ecm?
Emitter sheet resistance 80 Q/x
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Table 2. Smulation result of solar cell with different eectrode
structure for cell division.

Division number 3 4 5 6
Vo (MV) 657 657 657 656
Je (MA/cm?) 3723 3691 36.5 36.18
FF (%) 76.63 78.83 80.25 80.62
Eff (%) 18.76 19.12 19.23 19.13
Vi (MV) 541 552 559 561
Imp (A) 8.47 8.47 8.41 8.33
Jnp (MA/cm?) 3466  34.65 34.4 34.11
Rs (M&2) 58095 49655 45058  4.2142
Shading ratio (%)  5.98 6.8 7.83 8.64
19.20 } . /‘\.
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Fig. 4. Photovoltaic characteristics of the solar cell with various

electrode structure for cell division.
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82 8
—m— Fill Factor\ —h— Series-resistance |
81}
]

sol A — 16
g \‘7<
5 79t - A, c
3 14&
L 78} | o
E

77}

- 12
76 |
75 — 1 ()}

ok

3 4 5
Dividing Number

Fig. 6. FF and Rs as a function of cell division number.
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Table 3. Simulation results before and after divided solar cell
into 5 divisions.

Before divided cell  After divided cell

Voc (MV) 657 656
Jse (MA/cm?) 36.5 36.43
FF (%) 80.25 80.45
Eff (%) 19.23 19.24
Vi (MV) 559 560
Imp (A) 8.41 1.68
Jnp (MA/cm?) 34.4 34.36

Table 4. Characteristics before and after 4 divided solar cell.

Before divided After divided After divided

cell cell-1 cell-2

Voe (MV) 664.5 660.8 660.7
Jse (MA/cm?) 38.217 30.4369 39.3719
FF (%) 77.924 76.9091 77.4755
Err (%) 19.789 20.0419 20.1523
Vip (MV) 550.9 548.6 545.7
Imp (A) 8.7835 2.2456 2.27
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Table 5. Characteristics before and after bonding.

Divided cell-1 Divided cell-2 2 cells connection

Voc (MV) 660.8 657.2 1320
Je (MA/cm?) 394369 39.368 20.1764

FF (%) 76.9091 77.3302 76.9368

Eff (%) 20.0419 20.0087 20.4899

Vi (MV) 548.6 543.8 1089.6

Imp (A) 2.2456 2.2403 2.27
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