Abstract

Toward Efficient, Scalable, Mixed-Cation Perovskite Solar
Cells for Future Space Applications.

The rapid expansion of satellite deployment and the growing ambition of space
exploration and multiplanetary space missions are driving the demand for lightweight
(high power-to-weight ratio), high-performance photovoltaic technologies capable of
operating under harsh space environments. While current space photovoltaic
technologies offer excellent reliability, they remain constrained by high manufacturing
costs, limited mechanical flexibility, and deployment challenges associated with their
high mass. Metal halide perovskite solar cells (PSCs) have emerged as promising
candidates for next-generation space power systems due to their high absorption
coefficient, solution processability, tunable bandgap, compatibility with flexible
substrates, and potential for tandem architectures.

This work presents a systematic device engineering approach toward the development
of efficient and scalable mixed-cation perovskite solar cells (PSCs) for future space
applications through the optimization of electron transport layers (ETLs) and perovskite
absorber compositions. To improve device performance and robustness for operation in
harsh space environments, tin oxide (SnO:) was employed as the ETL using both a sol-
gel route (SnCls-5H20) and a readily prepared colloidal SnO: solution. These ETLs
were investigated as single-layer and bilayer architectures. In addition, triple-cation
(CsxFA1-«+yMA,PblzBry) and dual-cation (CsFA1«Pbls) perovskite absorber layers
were systematically optimized. Structural, morphological, and optoelectronic
characterization using X-ray diffraction (XRD), scanning electron microscopy (SEM),
and incident photon-to-current efficiency (IPCE) measurements established clear
structure-processing property relationships that guided device optimization. The
proposed strategies enabled the reproducible fabrication of mixed-cation PSCs,
achieving PCEs of up to 17.08% and 19.8% for triple- and dual-cation perovskites,
respectively.

The resulting device optimization framework represents an important step toward the
industrial translation of lightweight, flexible (roll-to-roll compatible), radiation-
resilient, and deployable photovoltaic technologies for future space energy systems.
Future research will focus on transferring this architecture to space-compatible flexible
substrates, thermal and radiation tests under standardized experimental conditions.
Beyond space applications, the scalable device engineering strategies developed in this
work also have significant potential for terrestrial energy technologies, including
flexible building-integrated photovoltaics (BIPV), Internet of Things (IoT) devices,
wearable electronics, and indoor photovoltaics.



