
Using synchrotron radiation to gain 
atomic level insight into materials 

for solar cells



Solar cells, status 
and technologies

Synchrotrons and 
photoelectron 
spectroscopy

Research overview

Research examples
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<20 US cent 
production cost 

per Watt

~20% module 
efficiency

26% record 
efficiency

~30% 
thermodynamic 

limit

CIGS
23% record 
efficiency

!"#$%&#'(%)*'+,%-.'')

!+$/.(%)*'+,%-.'')
0123%,.-*,/%

.&&#-#.$-4

Perovskite (ABX! )
26% record efficiency

Organic solar cells
19% record 
efficiency
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X-raysX-ray 
diffraction

Imaging

X-ray 
spectroscopy

Photoelectron 
spectroscopy
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X-rays
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Absorber

Contacts

Hard X-rays

!"#$%&'&()"%*+(,&%% X-rays in – electrons out

Binding energy of electrons:
! Core levels (element and chemistry specific)
! Valence levels 

Surface sensitive – escape depth of electrons

Core levels
e.g. Pb5d, C1s

Valence levels

Vacuum level

Photoelectron
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Time-resolved
photoelectron

spectroscopy on real 
devices

What are the fundamental 
properties of new materials?

What are the properties of 
interfaces (e.g. energy alignment)?

What are the mechanisms behind 
degradation?

What are the interface properties 
under device operation?

How do charges move and how 
fast?

How do charges move in a real 
device?
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A. García!Fernández et al., !"#$$ , 2022, 2106450. 
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Cleave 
crystals to 

obtain clean 
surfaces

Surface 
structure from 

core level 
spectra
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Interfaces with selective contacts 
using in-situ evaporation
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Valence band 
composition 

from resonant 
PES
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Perovskite
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Charge dynamics 
at different 
interfaces
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T. Sloboda et al. #0:+.*:/:0 ;+%9,*17$10, 1-14 (2020).
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Time-resolved
photoelectron

spectroscopy on real 
devices
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Photoelectron spectroscopy to gain atomic level 
insight into energy conversion process in solar cells
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! Use insights to develop materials and devices


