
Radiation Tolerant Electronics with 
Soft Halide Perovskites
From Single and Multijunction PV for Space and 
Earth to Medical Radiation Detectors

1

Dr. Felix Lang, 
ROSI Freigeist Group



Space Solar Cells on ISS: 215 kWatt Power
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III-V upscalable to GW or TW?
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https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/ESA_reignites_space-based_solar_power_research

Mining of Raw Materials for 12TW 

III-V  = 1000 years
Silicon = 50 years
Perovskite = days

J. Jean, P. R. Brown, R. L. Jaffe, T. Buonassisi, V. Bulović, Energy Environ. Sci. 2015, 8, 1200.



Carbon Footprint and Ressource Availability
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Can we use Perovskite PV ??
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Carbon Footprint and Ressource Availability
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What are Halide Perovskites?
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AMX3



What are Halide Perovskites?
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Perovskite = Name of the Crystal Structure

AMX3

Impurity concentration 
< < 1012 cm–3

< < 1 ppb
(Carbon 1 ppm, Oxygen 10 ppm)

Silicon crystal

2m

Tolerable “error” in 
A, B, X3

≈ 1-10%

Even 1% Coffee !?
Wang et al., Joule 3, 
1464–1477, 2019



Perovskite based Photovoltaics
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Ideal for Photovoltaics

Efficiencies rival 
established 

technologies 

200 times thinner than the 
absorber in a typical silicon or III-V on Ge Solar Cell

Photograph: Jeol Jean, https://news.mit.edu/2016/ultrathin-flexible-solar-cells-0226

Jean, J. et al. 
Org. Electron.
2016, 31, 120–126. 



Perovskite based multijunction space-PV
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Efficiency

ηSQ = 33 % ηSQ = 46 % ηSQ = 51 %

Photograph: Jeol Jean, https://news.mit.edu/2016/ultrathin-flexible-solar-cells-0226

Ultrathin, lightweight & flexible 
solar foils for space

Jean, J. et al. 
Org. Electron.
2016, 31, 120–126. 



High Specific-Power Potential
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Satellite Launch Costs: 5000 $/kg

Energy demanding satellites

Lang, F., et al. Adv. Energy Mater. 2021, 11, 2102246. 



SINGLE JUNCTION SOLAR CELLS MADE IN POTSDAM
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SINGLE JUNCTION SOLAR CELLS MADE IN POTSDAM
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All-Perovskite Tandems Made in Potsdam
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J. Thiesbrummel et al. Adv. Energy Materials Adv.Energy Materials 2022
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J. Thiesbrummel et al. Adv. Energy Materials Adv.Energy Materials 2022
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High Gap Optimisation: Interfaces !!!
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Photoluminescence 
Quantum Yield  (PLQY)

PL
Laser 

𝑃𝐿𝑄𝑌 =
𝐼𝑃𝐿

𝐼𝑎𝑏𝑠 . 𝐿𝑎𝑠𝑒𝑟
 

0 < 𝑃𝐿𝑄𝑌 < 1

bad perfect

Francisco 

Peña-Camargo

Kai Brinkman

Jarla Thiesbrummel



High Gap Optimisation: Interfaces !!!
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Interface 
Optimization

+ SAM
+ OL
+LiF

J. Thiesbrummel et al. Adv. Energy Materials Adv.Energy Materials 2022
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20.9%

23.7%

Interface 
Optimization

+ SAM
+ OL
+LiF

+ 
Thicker Low-Gap

Perovskite

25.9%

J. Thiesbrummel et al. Adv. Energy Materials Adv.Energy Materials 2022
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Challenge: Large Areas (1cm2)

23



Challenge: Large Areas (1cm2)
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Prof. Zhao & Team @ Sichuan University



1cm2 Sized All-Perovskite Tandem PV
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Prof. Zhao & Team @ Sichuan University



27% All-Perovskite Tandems 

26R. He, W. Wang, Z. Yi, F. Lang et al.

Prof. Zhao & Team @ Sichuan University



Space Solar Cells on ISS: 215kWatt Power
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The Harsh Radiation Environment in Space
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Extreme 
Radiation 

AtOx

UV 

High
Vacuum

Temp-
erature
Cycles

(LILT)
Conditions

Low Temp.
Low Int.

(1) Todd, B.; Uznanski, S. Radiation Risks & Mitigation in Electronic Systems. CAS - Cern Accel. Sch. Power 
Convert. 2015, 003 (May 2014), 1–19. https://doi.org/10.5170/CERN-2015-003.245.

Increased 
Cancer 

Risks

Single
Event
Upsets

Solar Cells

Micro-
electronics

Astronauts

Radiation
Induced
Damage



Radiation Damage → Electronic Defects
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In-situ Measurements under Proton Irradiation
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Damage under AM0 illumination
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𝚽 (p+/cm2) 

1x1013

Perovskite 2J 0.94

III-V 3J on Ge this exp. 0.78

III-V 3J on Ge Baur et al. 0.65

~100 years in  LEO

~10 years  in GEO

~1 year around Jupiter

Commercial III-V 
triple junction 
space solar cell

Dr. Giles 
Eperon



Degradation in Spectral Response 

Radiation damage in the 
low gap bottom subcell

Radiation Damage in 
the GaAs middle 
subcell

GaAs GeInGaP
FAxCsySn0.5Pb0.5I3

FAxCsyDMAzPbI2.4Br0.6

32

Perovskite 2J III-V 3J on Ge
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Fun Fact: Radiation Hardness & Sun Spectrum

Will this subcell damage 
limit the Tandem ? 

Perovskite 2J

Radiation damage in the 
low gap bottom subcell
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Fun Fact: Radiation Hardness & Sun Spectrum

Under AM1.5G or Mars Spectrum



Perovskite/Perovskite Tandem PV for Mars

35Picture from the Movie „The Martian “



Perovskite/Perovskite Tandem PV for Mars

36Picture from the Movie „The Martian “



Radiation Hardness Overview
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Prof. Steve 
Albrecht
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Dr. Giles 
Eperon

Cooperation 
with

Lang F. et al. (2021) Adv. En. Mat, 
Lang F. et al. (2020) Joule, 4, 1054–1069
Lang F. et al. (2019) Energy & Environmental Science 12 (5), 1634
Lang F. et al. (2018) Adv. Mater. 30, 1702905 (2018).
Lang F. et al. (2016) Advanced Materials , 28 (39), 8726



ethyl acetate 
drip

intermediate
phase

3000 rpm

annealing 
at 100°C

N2 atmosphere 
O2 < 0.1 ppm
H2O < 0.1 ppm

precursor 
solution

In-Situ Example: Perovskite/SHJ Tandem
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Jošt, M., (2019). Energy &
Environmental Science. 

23.4%25.5%

[Cs0.05(MA0.17FA0.83)0.95]Pb(I0.83Br0.17)3

Triple Cation Perovskite

Dr. Marco Jost
Prof. Steve Albrecht



In-Situ Example: Perovskite/SHJ Tandem

39

SMU

p

Illumination  

68 MeV 
proton 
irradiation Lang, F., et al. Joule, 4(5), 1054–1069, 2020



Atomic Oxygen AtOx
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AtOx  --  Ultrahin Space Encapsulation
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2D/3D Perovskite Single Junctions
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PEAI-interlayer improves the PCE and known to improve moisture stability as well

Will they be 
stable under 
AtOx ?
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Ph.D. student 
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Seid, et al. Small, 2024

2D/3D Perovskite SC‘s degrade faster and more severe
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JV characteristics

50Seid, et al. Small, 2024
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Quasi-Fermi Level Splitting (QFLS) from PL
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𝑸𝑭𝑳𝑺𝑷𝑳 = 𝑘𝐵𝑇 ⋅ ln 𝐼 ⋅ 𝑷𝑳𝑸𝒀 ⋅
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Lang, F.;, M. ACS Energy Lett. 2021, 3982–3991. 
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Constructing pseudo-light JV curves

52
Stolterfoht, M. et al. Adv. Mater. 2020, 32 (17), 2000080. 

Dr. M. Stolterfoht

Linear x - Axis
Flip x – and y - Axis

Substract JGen

Pseudo-light-JV



pseudo-light JV vs JV characteristics
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Resistance-dependent Photovoltage (RPV) measurements
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▪ PEAI-passivated devices: – Low Mobility Interlayer formed
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Further: Enhanced Ionic Losses 
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Electroluminescence Imaging
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The ROSI Group in a Nutshell
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Next Generation
Space 

Photovoltaics

Reliable
Radiation 
Detectors

Radiation
Tolerant

Soft
Semiconductors

• Reliable Radiation Detectors with High Sensitivity

• New Medical Diagnostics that work with Lower Doses

• Resilient Space Solar Cells

• Successful In-Orbit Demonstration

Radiation 
Tolerant 

Electronics
• Radiation Tolerant Field Effect Transistors

• Library of Radiation Tolerant Soft Semiconductors 

• Resilient Contact Systems

• Deeper Understanding of their Stability
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