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Introduction

Why IMH Perovskites for Photovoltaics?

All-inorganic metal-halide perovskites combine high carrier
mobility, long diffusion lengths, and thermal and chemical
stability, making them promising candidates for photovoltaic
systems operating in extreme environments.

The Lead Problem:

CsPbl; 1s a promising and widely-used perovskite for
photovoltaics, but its lead content presents significant toxicity
concerns. Cs3Sb,lg offers a potential lead-free alternative because
of its lower toxicity, air stability, and tunable electronic structure.

The Literature Gap and our Aim:

Lead contributes to the defect tolerance of metal-halide
perovskites, so replacing lead may alter how the lattice responds
to radiation. This effect of lead to antimony substitution on
proton-induced displacement damage remains insufficiently
understood. Therefore, the degree of substitutability of lead is
being investigated in this study.

Methods

Tested Materials:
CsPbI3 (lead-based) and Cs3Sb219 (lead-substituted)

SRIM Setup: 10000 ions at normal

incidence
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Results

A. Maximum displacement damage occurs at intermediate
proton energies, not at the highest incident energy.
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B. Damage migrates into the photovoltaic absorber region
50 keV — shallower damage
100 keV — deeper absorber-region damage

CsPbl; at 100 keV

Cs,Sb,l, at 100 keV
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C. lodine displacement
dominates structural
damage across
compositions and
throughout the
investigated energy
range.

Comparative Vacancy Production in Cs, Pb, |
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D. LEAD HIGHLY SUBSTITUTABLE:

Cs3Sbalg exhibits broadly similar vacancy-production patterns to

CsPbls across the tested proton energies, with the lead-based
perovskite producing slightly higher vacancy rates at several
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Discussion & Limitations

Cs3Sbalg demonstrates greater B-site resilience at low-to-mid
proton energies, suggesting that Sb 1s a promising candidate for
replacing toxic Pb. However, because 1odine remains the dominant
displacement pathway, B-site substitution alone is insufficient to
produce a radiation-hardened material.

Simulated vacancies do not necessarily correspond to permanent
defects; some vacancy-interstitial pairs may recombine through
self-healing or thermal processes. Moreover, not all vacancies
create deep electronic traps; their impact depends on defect-specific
electronic structure. Hence, these atomic displacement profiles
don’t directly correspond to macroscopic defect formation in
photovoltaic devices.

Furthermore, this study used proton energies up to 500 keV, while
extreme environments like space have considerably higher energy
irradiation.

Conclusion

Monte Carlo modeling shows that both CsPbls and Cs3Sb,lg remain
vulnerable to halide vacancies under proton irradiation. While antimony
offers modest B-site resilience and remains a promising substitute for
toxic lead, halide stabilization remains essential to produce radiation
hardened perovskites.
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