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Abstract: 
Multi-junction perovskite solar cells (MJ-PSCs) overcome thermalization losses and achieve high power conversion 
efficiencies (PCE) by combining complementary bandgaps. When fabricated on ultrathin substrates, they deliver high 
power-to-weight ratios that outperform conventional photovoltaic solutions for space. However, their long-term stability 
under the extreme conditions of space remains an open challenge. Beyond Earth’s protective atmosphere, the space 
environment introduces unique stress factors such as atomic oxygen (AtOx), high-energy radiation, extreme thermal 
cycling, and low-intensity, low-temperature (LILT) environments in addition to the conventional degradation factors. In 
this presentation, I discuss their radiation tolerance, followed by insights into AtOx-induced degradation and MJ-PSCs 
operational characteristics under LILT conditions. 1–4  
 
Atomic oxygen (AtOx) rapidly corrodes unencapsulated perovskite solar cells (PSCs), necessitating the future use of 
ultralight barriers. However, micrometeorite impacts may compromise even the best encapsulation strategies. To address 
this risk, we investigated AtOx-induced degradation mechanisms in devices with and without phenethylammonium 
iodide (PEAI)-based 2D surface passivation. Surprisingly, the 2D-passivated PSCs exhibited more severe degradation. 
Combining injection-current-dependent electroluminescence (EL), EL imaging, intensity-dependent photoluminescence 
quantum yield (IPLQY) measurements, and resistance-photovoltage transients, we show that 2D passivation layers 
undergo accelerated degradation due to lateral diffusion of AtOx through the 2D surface, facilitated by the large 
interplanar spacing of the layered perovskite structure. 5 

 
We evaluated the performance of unpassivated all-perovskite tandem solar cells under low-intensity, low-temperature 
(LILT) conditions, relevant to outer planetary missions, such as those near Saturn. In this environment, characterized by 
irradiance levels around 0.01 AM0 and spacecraft temperatures near 100 K, the tandem devices retained only ~50% of 
their original power conversion efficiency (PCE). In contrast, the control single-junction (1.5 eV) perovskite cell 
maintained its initial performance without loss. To better understand the mechanisms behind this PCE drop, we analyzed 
the temperature-dependent behavior of PCE, EL, and PL in both tandem and single-junction solar cells. 8 
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