Simulating III-V multi-junction solar cells for space applications: Performance insights and
design challenges using open source software
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III-V multi-junction (MJ) solar cells for space applications primarily use the GalnPy—GaAs—Ge monolithic
architecture, achieving up to ~35% power conversion efficiency [1l]. Recent advances in four or more junction
cells necessitate precise control of current-matching conditions to optimize Beginning of Life (BOL) efficiency.
Additionally, space radiation from protons and electrons alters the short-circuit currents of subcells, reducing ef-
ficiency over time [2[]. Therefore, reliable numerical prediction tools are essential to assess radiation impact and
ensure optimal performance until the End of Life (EOL) [3]].

To optimize cell efficiency, it’s crucial to tailor optics, proton and electron radiation impact behavior, and
subcell parameters like thickness and non-radiative lifetimes through numerical simulations [4]. Simulations also
provide insights into cell physics by extracting parameters from experimental I(V) and external quantum efficiency
(EQE) curves. Most simulation software (e.g. Silvaco, Sentaurus, Nextnano, PC1D, SCAPS...) rely on solving the
Poisson-Drift-Diffusion system of equations with efficient numerical computational methods and can then serve
both for radiation hardness diagnosis and as a predictive tool to design new cells [J5].

In this study, we use, assess, and compare two recent Python-based open-source Poisson-Drift-Diffusion
solvers, Solcore [6] and Sesame [7], to model the current-voltage response (fig. [[a) and EQE (fig. [Ib) of a
multi-junction solar cell. Optics are handled using a Python-based Transfer Matrix Method (TMM) engine [8]].
We also compare these simulation results with those from the standard simulator SCAPS [9], discuss the differ-
ences between the software and possible improvements (e.g. handling the tunnel junctions) for simulating space
multi-junction solar cells.
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(b) External Quantum Efficiency obtained with Sesame

(a) Current-voltage response obtained with Sesame, Scaps and Solcore and Solcore

Figure 1: Example of Poisson-Drift-Diffusion simulation results for a GalnP2—GaAs—Ge MJSC for space applications. Are plotted the
individual contributions of the subcells and the MJ structure total I(V) curve and EQE.
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