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Shunt Spot Diameter Shrinkage Stop Mechanism
of Thermal Runaway Phenomenon in Solar Cells
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Abstract
In order to elucidate the mechanism of thermal runaway of the solar cell, we created a simulation model
consisting of positive feedback due to the temperature characteristics of the shunt spot and negative feedback due to
the thermal resistance of the spot, and calculated the temperature distribution of the solar cell. In this paper, we report
the simulation results of the shrinkage rate of the shunt spot diameter, the change of the shrinkage rate due to the design

change of the solar cell, and the change of the shrinkage rate due to the addition of electrode resistance. Furthermore,

we propose design formulas for elucidating the spot diameter stop mechanism.
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Fig. 1 I-V temperature characteristics of a solar cell.
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Fig. 2 Schematic diagram of backflow in a solar cell.
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Fig. 3 Spot diameter stop mechanism.
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Fig. 4 Thermal network of Fig. 3.
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Fig. 6 Positive and negative feedback model.
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Fig. 7 Schematic diagram of comb-type electrode.

Fig. 8 Electrode structure of simulation model.

Fig. 9 Electrode resistance model in Emodel.
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Fig. 10 Block diagram in the electrode resistance of Fig. 9.
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Simulation conditions using 196 meshes.

Fig. 11
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(b) Schematic diagram of comb-type electrode.
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Fig. 12 Simulation condition for spot diameter by electrode

resistance.
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Fig. 13 Shrinkage simulation model.

Table 1. Conditions for the number of meshes.
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Number of
meshes

54 BMRERCLHZFE

BURERE 4 SO, VI ab—va v &2{Fo
7-(Table2 ). I BT, HRRELEESBITEERD,
S REHROFEEIT o7 (Table 3 B). 723, WS
12196 A v 2232 2 L—3 3 > CHW Fig. 11 (a) @
STy Ial—a B Tol.

Table 2  Thermal conductivity conditions.
100
Thermal conductivity 168 (Si)
[W/m - K] 200
250

Vol.49. No.1

Table 3 Design formula calculation conditions.

Symbol Meaning Values and units
d Distance 2.57x102m
A Thermal conductivity Table 2 reference
As Cross-sectional area 1.96x10¢m?
o Stefan Boltzmann 5 67%10°8 W/m2- K4
constant
f Emissivity 0.90 -
T4 Object temperature 25.0°C
Tr Ambient temperature 25.0 °C
N Area 2.74x103 m?
V.. Voltage 3.00V
I Electric current 0.50 A
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L, #1966 A vy a2 b—3a U THND
72 Fig. 11 () &ML T 5.

Table 4 Distance conditions
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d /4 Salr As
[m] [m] [m?] [m?]
1.50x102 ~ 4.67x102 = 1.60x1073 1.39x10°
2.00x102 | 6.22x102 © 2.13x10° 1.65x10°
2.57x102 | 8.00x102 | 2.74x107 1.96x10°
3.00x102  9.33x102  3.20x107 2.19x10°
©3.50x102 | 1.09x10 | 3.73x10° | 2.46x107
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Table 5 Change of the spot diameter by the

shadow condition change

Shadow condition Spot area [m?]
1 1.68x10
2 1.68x10*
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Table 6 Electrode resistance model simulation result

Electrode Maximum Spot area ;’fe gczrtlt:riz
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bo 132 - 2.80x10* : 10.2
mL 159 L 5.59%10” 2.04
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Fig. 14 Number of meshes and spot diameter
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Table 7. Simulation results by changing the thermal
conductivity

Thermal conductivity Spot area Percentage
[W/m-K] [m?] of spot area

[%]

100 ~L12x10* 4.08

168 (Si) 1.68x10* 6.12

200 2.24x10* 8.16

250 7.83x10* 28.6
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——simulation - - -Simplified design formula
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Fig. 15 Comparison of measured and calculated values when

changing thermal conductivity
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Fig. 16 Comparison of measured and calculated values when

changing distances
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