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Abstract: In this work, we conducted a study on cell strings of high efficiency and high power solar cell modules via

simulation. In contrast to the conventional module manufacturing method, the simulation was performed by connecting

cutting cells divided into four parts from 6-in size using the electrically conductive adhesive (ECA). The resistance of

the ECA added in series connection was extracted using an experimental method. This resistance was found to be 3 m¢.

Based on this simulation, we verified the change in efficiency of the string as a function of the number of cutting cell

connections. Consequently, the cutting cell efficiency of the first 20.08% was significantly increased to 20.63% until the

fifth connection; however, for further connections,

it was confirmed that the efficiency was saturated to 20.8%.

Connecting cutting cells using ECA improves the efficiency of the string; therefore, it is expected that it will be possible

to fabricate modules with high efficiency and high power.
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Fig. 1. Concept of connecting cutting cell.
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Fig. 2. Single-diode model of solar cell.
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Fig. 3. I-V curve at a given illumination.
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Fig. 4. (a) Cutting cell circuit and (b) PSpice model of cutting cell.
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Fig. 5. Experimental determination of series resistance.

Table 1. Series resistance value.

Connection Series resistance (&2)
Cutting cell 0.0112
2-connection 0.0254
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Fig. 6. Equivalent circuit of connecting cutting cells.
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Table 2. Comparison of cutting cell between experiment and

simulation value.

Parameter  Cutting cell-experiment Cutting cell-simulation
L. (A) 2.397 2.397
J,, (mA/em?) 38.987 38.984
V.. (V) 0.668 0.668
FF (%) 77.93 77.993
Efficiency (%) 20.274 20.294

Table 3. Comparison of 2-connection between experiment and

simulation value.

2-connection-  2-connection-

Parameter Cutting cell . K .
experiment simulation

I, (A) 2.389 2.402 2.385

. (mA/cmz) 38.857 19.97 19.833

V.. (V) 0.67 1.335 1.342

FF (%) 78.105 77.44 77.759

Efficiency (%) 20.333 20.634 20.687

Table 4. Comparison of 3-connection between experiment and

simulation value.

3-connection-  3-connection-

Parameter Cutting cell . . .
experiment simulation

I, (A) 2.392 2.398 2.391

J. (nA/em?) 38.907 13.392 13.35

v, V) 0.671 1.999 2.012

FF (%) 78.005 77.871 77.526

Efficiency (%) 20.337 20.843 20.809

Table 5. Comparison of 4-connection between experiment and

simulation value.

4-connection-  4-connection-

Parameter Cutting cell

experiment simulation
L, (A) 2.393 2.401 2.392
g, (mA/em®) 38.923 10.093 10.054
. V) 0.671 2.66 2.685
FF (%) 77.83 77.346 77.209
Efficiency (%) 20.314 20.759 20.835
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Table 6. J,, between metal ribbon connection and ECA connection.

Serial Metal ribbon ECA connection
connection  connection J,. (mA/c) J.. (mA/cm)
2 19.536 19.832
3 12.963 13.349
4 9.726 10.532
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Fig. 7. Change of J,. and FF" on the number of cell connections.
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Fig. 8. Dependence of efficiency on the number of cell connections.
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