Using synchrotron radiation to gain
atomic level insight into materials
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Solar cells and electricity generation
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Solar cells — market today, new technologies

Monocrystalline silicon
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Light-to-electricity conversion process

VAG 1. Light absorption
< > 2a. Electron transport /
L Y Q collection
2b. Hole transport /
collection

» Layer-by-layer design (active layer + selective contacts)

» Different materials combinations

!

Active .
selective

layer  contact Fundamental understanding of energy
conversion process at an atomic level
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Synchtrotron facilities
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Photoelectron spectroscopy

Hard X-rays

Absorber
Contacts —

Absorber
interface with
thin contacts
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Complete solar cell

Clean surface
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Single crystals

@ Photoelectron
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X-rays in — electrons out

Binding energy of electrons:

» Core levels (element and chemistry specific)
» Valence levels

Surface sensitive — escape depth of electrons ___
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Research overview
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Real Energy
Complete solar cell  systems
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Dynamics
of charges

Static
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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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Stability of lead halide W
perovskites Stabilty
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systems >

Static Dynamic
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Photoelectron spectroscopy of
perovskite single crystals
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Perovskite solar cell A
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Dynamics of charges: A

Real

Time-resolved PES systems
Orf charges

Laser pump pulse: induce changes

Model
» X-ray probe pulse: Follow these changes over time systems S
Static Dynamic
» Time resolution depends on pulse length of X-rays and laser
X-ray probe

> Follow photovoltage through core level shift
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Dynamics in PbS quantum dot
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T. Sloboda et al. Scientific Reports, 10, 1-14 (2020).
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Summary

Photoelectron spectroscopy to gain atomic level
insight into energy conversion process in solar cells
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Time-resolved
photoelectron
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» Use insights to develop materials and devices
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