Abstract Book of the 2024 International PhD School on Perovskite PV @ SciencePG

http://www.sciencepublishinggroup.com/ISBN/979-8-88599-107-0/034 Science Publishing Group

Impact of lon Migration on the Performance and Stability of
Perovskite-Based Tandem Solar Cells

Sahil Shah', Fengjiu Yang® ?, Eike Kéhnen?, Esma Ugur®, Mark Khenkin?,

Jarla Thiesbrummel™?, Bor Li? Lucas Holte', Sebastian Berwig?, Florian Scherler?,
Paria Forozi', Jonas Diekmann®, Francisco Pefa-Camargo®’, Erkan Aydin*,

Felix Lang', Henry Snaith®, Dieter Neher!, Stefaan De Wolf*, Carolin T. Ulbrich?,
Steve Albrecht?, Martin Stolterfoht®

Physik Weicher Materie, Institut fir Physik und Astronomie, Universit& Potsdam, Potsdam, Germany
Helmholtz-Zentrum Berlin ftr Materialien und Energie, Solar Energy Division, Berlin, Germany
*National Renewable Energy Laboratory, NREL, Golden, CO, USA

*King Abdullah University of Science and Technology (KAUST), KAUST Solar Center (KSC), Physical Sciences and
Engineering Division (PSE), Thuwal, Kingdom of Saudi Arabia

>Clarendon Laboratory, University of Oxford, Oxford, United Kingdom
®Electronic Engineering Department, The Chinese University of Hong Kong, Sha Tin N.T., Hong Kong SAR

Email address:

shah2@uni-potsdam.de (Sahil Shah), yangfengjiu@hotmail.com (Fengjiu Yang),
eike.koehnen@helmholtz-berlin.de (Eike K&hnen), esma.ugur@kaust.edu.sa (Esma Ugur),
jarla.thiesbrummel@physics.ox.ac.uk (Jarla Thiesbrummel), mark khenkin@helmholtz-berlin.de (Mark Khenkin),
holt@uni-potsdam.de (Lukas Holte), florian.scheler@helmholtz-berlin.de (Florian Scheler),
paria96forozi@gmail.com (Paria Forozi), jonas.diekmann@uni-potsdam.de (Jonas Diekmann),
carlos.francisco.pena.camargo@uni-potsdam.de (Francisco Pefa-Camargo),

erkan.aydin@kaust.edu.sa (Erkan Aydin), felix.lang.1@uni-potsdam.de (Felix Lang),
neher@uni-potsdam.de (Dieter Neher), Henry.Snaith@physics.ox.ac.uk (Henry Snaith),
stefaan.dewolf@kaust.edu.sa (Stefaan De Wolf), steve.albrecht@helmholtz-berlin.de (Steve Albrecht),
bor.li@helmholtz-berlin.de (Bor Li), sebastian.berwig@helmholtz-berlin.de (Sebastian Berwig),
carolin.ulbrich@helmholtz-berlin.de (Carolin T. Ulbrich), stolterf@uni-potsdam.de (Martin Stolterfoht)

“Corresponding author

Abstract

The stability of perovskite-based tandem solar cells (TSCs) is the last major scientific/technical challenge to be overcome
before commercialization. Understanding the impact of mobile ions on the TSC performance is key to minimizing
degradation. Here, we present a comprehensive study that combines an experimental analysis of ionic losses in
Si/perovskite and all-perovskite TSCs using scan-rate-dependent current-voltage (J-V) measurements with drift-diffusion
simulations. Our findings demonstrate that mobile ions have a significant influence on the tandem cell performance,
lowering the ion-freeze power conversion efficiency from >31% for Si/perovskite and >30% for all-perovskite tandems to
around 28% in steady-state. Moreover, the ions cause a substantial hysteresis in Si/perovskite and all-perovskite TSCs at
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high scan speeds (400 V/s and 40 V/s, respectively), and significantly influence the performance degradation due to field
screening. Additionally, for all-perovskite tandems, subcell-dominated measurements reveal more pronounced ionic losses
in the wide-bandgap subcell during aging, which we attribute to its tendency for halide segregation. This work provides
valuable insights into ionic losses in perovskite-based TSCs, which helps to separate ion migration-related degradation
modes from other degradation mechanisms and guides targeted interventions for enhanced subcell efficiency and stability.
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