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Abstract Calculation of Perovskite Temperature

Perovskite-based photovoltaics are attractive for applications in V- A. To investigate the temperature throughout a LEO cycle, a thermal model is

space. The space environment is harsh with ionizing radiation, - g ) £ derived. The model uses the layered structure of a nine-layer, single junction
atomic oxygen, UV radiation, extreme temperatures, and thermal ; ; y X triple-cation (Csy(MAg.17FA0.53)10050PP(los3Bro.17)3) p-i-n perovskite solar cell
cycling. Herein, the thermal performance of perovskite active lay- 7 Y 7 Glass determined to be promising for implementation in space [1]. Cell operation
er and perovskite photovoltaic devices in low earth orbit is ana- VAR i YO ITO is in superstrate configuration as shown in Figure 2A. The incident area of
lyzed. A 1 um silicon oxide layer coupled with 500 nm zirconia | o the cell is 10 x 10 mm. The cell was onboard the International Space Station
thin film aid in cell thermal management is determined. The re- T (ISS) which is at an orbital distance of 420 km from the Earth’s surface. This
sidual stresses between various layers in a device are modeled > > ITO gives an orbital period of 5578.22 s or approximately 93 min. The cell is
and it is proved that thermally induced mechanical failure of the \ W ggf modeled with the glass layer (z-direction) sun facing throughout the orbit.
perovskite (time > 460 years) is unlikely during operating lifetime The cell is assumed to be thermally isolated from any surrounding bodies.
of any mission. Target power conversion efficiencies are also B. Temperature Cycle Variation The goal is to determine the feasibility of maintaining operating tempera-
shared to manage maximum operating temperature of a perov-  Figure 1. Artist rendering of thermal cycling of a 1007 tures below the critical temperature and identify modifications that can be
skite-based device. perovskite based photovoltaic in LEO made to the cell to improve thermal performance.
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Figure 3 is a contour plot of temperature over the range of efficiencies during the ~507 ved ' backward diff . I
. : : : .. Equation 1 is solved numerically using backward differentiation formula
sunlit portion of the orbit. As more energy is converted to electricity the temperature | I Y 5
_ o , _ -100--—————————————— method, and results are shown in Figure 2B for the case of perovskite active
will decrease. The solar cell efficiency only affects the temperature during periods of 0 1000 2000 3000 4000 5000
: L . Time (s) layer with 1 mm-thick glass and no electrical efficiency. The high tempera-
solar illumination. When the solar cell is in shadow, the temperatures converge to a Fi 2 AL 4 model for calculation of t ture in th
o o . igure 2. A) Layered model for calculation of temperature inthe  + ;0 ragjon reaches steady state, the low temperature region is still under-
constant of about —90 °C. The temperature decreases from a peak above 73 °C at 0% perovskite layer. The yellow star corresponds to the incident i a transient resbonse
efficiency to a peak of about 46 °C at maximum efficiency. By increasing the cell effi- sunlight. B) Perovskite active layer temperature variation 50Ins P '
ciency, substantial gains in thermal mitigation can be achieved. throughout LEO with no electrical conversion efficiency.

Backside Layer Variation Calculation of Absorbed Solar Irradiance

Careful selection of the backside material can optimize thermal

, _ The absorbed solar irradiance is determined via the wavelength dependent optical constants for each layer in the solar cell stack. At any inter-
performance of the array. The choice of backside layer can - . , :
Fas face the energy can be reflected, converted to heat, converted to electricity, or transmitted through the layer. The absorbed energy is the en-

cause differences in cell temperatures of nearly 50 °C as shown

o , , , o ergy absorbed by the layer that is not converted to electricity. In Figure 5 the gray shaded portion indicates the quantum efficiency range of
in Figure 4. Zirconia provides the greatest reduction in tempera-

. .. ITO the solar cell. In Figure 4A-C lines indicate the amount of energy reflected (A), transmitted (B) or absorbed (C) at the layer and all prior layers
ture mainly due to low absorptivity at solar wavelengths and  [Gold v/ R .
. o » SiOx L4 and the shaded portion indicates the amount reflected, transmitted, or absorbed at the current layer.
high emissivity at the cell temperatures. The critical factor for
temperature is the outermost layer, other layers can be added A B C D
for device performance as needed. ~10 —~55 2.0 ,
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Time (s) Figure 5. The gray shaded portion in each figure indicates the quantum efficiency range of the solar cell. A) Cumulative layer-specific reflected energy flux throughout the solar energy spectrum. B) Cumulative layer-
Figure 4. Perovskite temperature variation throughout LEO with varying back- specific reflected energy flux throughout the solar energy spectrum. C) Cumulative layer-specific reflected energy flux throughout the solar energy spectrum. B) Cumulative layer-specific absorbed energy flux

side materials. throughout the solar energy spectrum and D) Solar energy wavelength paths.

Strains Induced within the Photovoltaic Conclusions

The solar cell will undergo thermal expansion as it heats and cools in orbit. In the z-direction this expansion is uncon-

: : : : : : . . Perovskite- hotovoltaics have promi viable material for ener neration in LE
strained. But the stack is bonded in the xy plane and will experience strains due to the coefficient of thermal expan- erovskite-based photovoltaics have promise as a viable material for energy generatio O

sion mismatch between the glass, perovskite, and backside layer. Macroscopic strains refer to length changes in the . Careful selection of backside material and enhancement of PCE can help sustain temperature below critical value

cell as compared to its original size, microscopic strains refer to strains in the crystal structure as shown in Figure 6. _ _ _ , _ .
. Recommend SiO/ZrO, composite backside layer to manage perovskite cell operating temperature in LEO
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. Perovskite photoactive layer can endure 460 years before experiencing thermal fatigue

. Zirconia has limited performance in LEO with thermal fatigue predicted at 8 years
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Figure 6. Strains introduced in the solar cell A) Microscopic strain in the x— and y—directions. B) Macroscopic strain in the z-direction where the

based line indicates uniform triaxial deformation. and C) Microscopic strain in the z-direction. Meaning Meaning Meaning Meaning
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