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Space Solar Cells on ISS: 215 kWatt Power
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Mining of Raw Materials for 12TW

[l1-V = 1000 years
Silicon = 50 years
Perovskite = days

https://www.esa.int/Enab!
J. Jean, P. R. Bro

Environ. Sdi. 2015, 8, 1200.



Carbon Footprint and Ressource Availability

Mining time for 1TW*
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SPACE-BASED SOLAR POWER Eesa

INCIDENT SOLAR RADIATION

SUNLIGHT CAPTURE AND ENERGY
REGULATION
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Carbon Footprint and Ressource Availability

Perovskite-organic tandem solar cells
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What are Halide Perovskites?

Good

Optoelectronic
~~ X Properties

Ideal for
Solar Cells

Relatively

Abundant
~—"Materials

Perovskite = Name of the Crystal Structure
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AMX,
H MA® FA* Cs'...

o Pb2+, Sn2+



What are Halide Perovskites?

/

Tolerable “error” in
A, B, X,
= 1-10%

Even 1% Coffee I?

~__~~ Wangetal,Joule 3,
1464-1477, 2019 _

Impurity concentration
<<102 cm3
<<1ppb

Perovskite = Name of the Crystal Structure (Carbon 1 ppm, Oxygen 10 ppm)




Perovskite based Photovoltaics

|deal for Photovoltaics

Efficiencies rival
established
technologies

Jean, J. et al.

Org. Electron.
200 times thinner than the

absorber in a typical silicon or 11I-V on Ge Solar Cell

e-solar-cells-0226 10



Perovskite based multijunction space-PV

(o

Ultrathin, lightweight & flexible
solar foils for space

/ Efficiency

~— %

Jean, J. et al.
Org. Electron.

1me

Nsq=33% Nsq=46% nsq=51%

e-solar-cells-0226 11



High Specific-Power Potential
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Triple Cation Triple HalidePerovskite [Csg5(MAg 05FA0 95)0.951PB(l6.95Br0.05Clo.0x)3
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SINGLE JUNCTION SOLAR CELLS MADE IN POTSDAM ‘.;’ P Do ed
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remaining efficiency
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200 nm 5.00 kv
H Mag= 25.00KX

Jarla Thiesbrummel Francisco Pefia-Camargo Kai Brinkman . M. Stolterfoht



All-Perovskite Tandems Made in Potsdam

- FF\ ——1.88 eV

< - :_..;'_:-':I_'_{.'f.':::-.:;:_,.:.:- :

g 5| oef -
< |¢g

E 04}

2

(7) 0.2}

3

E -10 i i 460 560 660 700 860 960 10‘(;(; i
E Wavelength (nm)

= 20.9%

@)

15k -
0.0 0.5 1.0 1.5 2.0
Voltage (V)

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

2.5

Jarla Thiesbrummel

Francisco

Pena-Camargo

Kai Brinkman

17



. E-~ (HG Pero) = 1.80 eV
Photoluminescence Gf : ) . : :

Quantum Yield (PLQY) C HTL € ETL
107} (on 2PACz) -
Laser PL Jarla Thiesbrummel
>
C
—
O 104 |
o
P Francisco
0 Pena-Camargo
PLQY = L
= 5 . .
l,ps- Laser 10 © © &
??\QQ' < (o\(’
¢
0 < PLQY <1 & <
bad perfect Kai Brinkman

J. Thiesbrummel et al. Adv. Energy Materials Adv.Energy Materials 2022 18



High Gap Optimisation: Interfaces !!!
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interface quality
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Space Solar Cells on ISS: 215kWatt Power




The Harsh Radiation Environment in Space
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Nuclear Scattering
Displacement Damage
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In-situ Measurements under Proton Irradiation
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Degradation in Spectral Response

Perovskite 2J
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Fun Fact: Radiation Hardness & Sun Spectrum
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missmatch (%)

Fun Fact: Radiation Hardness & Sun Spectrum
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Perovskite/Perovskite Tandem PV for Mars

Picture from the Movie , The Martian “



Perovskite/Perovskite Tandem PV for Mars
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Radiation Hardness Overview
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Atomic Oxygen AtOx




Ph.D. student
Biruk Alebachew
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2D/3D Perovskite Single Junctions ROy studel (,ﬁ)

Biruk Alebachew
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Ph.D. student
Biruk Alebachew

AtOx Degradation

2D/3D Perovskite SC’s degrade faster and more severe
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Ph.D. student
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AtOx Degradation + SIOx Barrier
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: ‘ : Ph.D. student
AtOx Degradation + SiOx Barrier Biruk Alebachew
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Ph.D. student
Biruk Alebachew

AtOx Degradation + SIOx Barrier

with SiO, barrier
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Ph.D. student

AtOx Degradation + SiIOx Barrier Biruk Alebachew
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JV characteristics
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Photoluminescence

QFLSp; = kzT - In [1 . PLQY -

Lang, F.;, M. ACS Energy Lett. 2021, 3982—-3991.
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Constructing pseudo-light JV curves

How To Quantify the Efficiency Potential of Neat Perovskite
Films: Perovskite Semiconductors with a2n lmnliad
Efficiency Exceeding 28%
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pseudo-light JV vs JV characteristics
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Transparent Perovskite
electrode layer
Electrode
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Further: Enhanced lonic Losses
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Electroluminescence Imaging
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Lateral AtOx Ingress and Degradation
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