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1. What is thermal runaway in solar cells?
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Prototype IMM3J solar cells

Video



1. What is thermal runaway in solar cells?
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1. What is thermal runaway in solar cells?
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2. Mechanism of thermal runaway in solar cells
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∆𝑻𝒔𝒑𝒐𝒕 𝒕 = 𝑹𝑻𝑸𝒄𝒆𝒍𝒍 𝒕 𝟏 − 𝒆𝒙𝒑
𝒕

𝑹𝑻𝑪𝑻
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∆𝑇𝑠𝑝𝑜𝑡= 𝑇𝑠𝑝𝑜𝑡 − 𝑇𝑐𝑒𝑙𝑙

𝑹𝑻: Combined thermal resistance
𝑸𝒄𝒆𝒍𝒍: Heat generated by the inflow current into spot
𝑪𝑻: Thermal capacity

T. Nakamura et al., Jpn. J. Appl. Phys. 57, 08RD03 (2018).
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2. Mechanism of thermal runaway in solar cells
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∆𝑻𝒔𝒑𝒐𝒕 𝒕 = 𝑹𝑻_𝑻𝑹𝑸𝒄𝒆𝒍𝒍_𝑻𝑹 𝟏 − 𝐞𝐱𝐩 −
𝒕 − 𝒕𝑻𝑹
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T. Nakamura et al., Jpn. J. Appl. Phys. 57, 08RD03 (2018).

T. Nakamura et al., Jpn. J. Appl. Phys. 62, SK1049 (2023).
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3. Tolerance of thermal runaway
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Solar concentrating systems 

(High intensity environment)[1-5]

Thin film structure[6-8] Space application[7-8]

No convection

Quantitative evaluation of thermal runaway tolerance in thin-
film solar cells is important for space applications
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3. Tolerance of thermal runaway
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3-1. Creation of artificial shunt spot
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1sec 10sec 30sec

* 0 sec = Remove soldering iron and start current injection

Since high temperature region has low forward voltage, the current concentrated at the hot spot

EL

Thermography



3-1. Creation of artificial shunt spot
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Laser (λ=532nm)

Thermo-camera

Coupon panel

atmosphere

Solar simulator

1solar

We succeeded in inducing thermal runaway using an artificial shunt spot



3-2. Position of shunt
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Thermal runaway is easy to occur where 
the electrical resistance is low and 
thermal resistance is high



3-3. Vacuum or atmosphere
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Thermal runaway occurs more easily in a 
vacuum environment

T. Nakamura et al., Jpn. J. Appl. Phys. 57 08RD03
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3-4. Temperature dependent
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Thermal runaway easily occurs in a low-
temperature environment because temperature 
difference between the shunt spot and non-
shunt region increases when light is irradiated at 
the low-temperature

T. Nakamura et al., Jpn. J. Appl. Phys. 57 08RD03
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4. Conclusion
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