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Abstract:

The transition toward scalable and cost-effective solar technologies for space applications may, in the long term, be
addressed by rethinking conventional multijunction architectures and materials. While III-V two-terminal series-
connected cells currently dominate the space photovoltaic landscape due to their high efficiency and radiation tolerance,
their cost and supply constraints limit broader deployment. Inorganic thin-film technologies — such as CIGS, CdTe, and
perovskites — offer promising alternatives due to their high power-to-weight ratio, tunable bandgaps, and potential
radiation resilience [1-4]. From the perspective of device architecture, multi-terminal approaches may offer some
advantages for sustaining high efficiency at end-of-life (EOL), particularly when the simplicity of a monolithic structure
can be preserved.

This contribution investigates the potential of three-terminal tandem architectures to enhance EOL performance in space
environments, offering benefits comparable to four-terminal devices but with reduced system complexity and added
weight. Three-terminal tandem configurations retain the monolithic structure of two-terminal devices, yet allow for
independent operation of the sub-cells, thereby mitigating the impact of their different degradation rates [5,6]. We present
detailed balance calculations to assess the advantages of three-terminal devices in terms of extended EOL efficiency
compared to two-terminal tandems. Finally, building upon our previous work on perovskite/silicon tandems [7], we
discuss the three-terminal transistor-like design, an architecture that can be adapted to other thin-film-materials based
tandems, including all-perovskite and perovskite-on-inorganic thin-film materials such as CIGS and CdTe. This approach
could also provide a platform to develop lightweight, radiation hard, and monolithically integrated three-terminal triple-
junction cells for space applications.
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