Thermal Co-evaporation
for Multi-junction
Perovskite Solar Cells

Dr. Terry Chien-Jen Yang

Former Marie Sktodowska-Curie Postdoctoral Fellow
1Department of Chemical Engineering and Biotechnology
2Cavendish Laboratory (Department of Physics)
University of Cambridge

E: terryyang88@outlook.com

W: https://www.linkedin.com/in/terryyang88/

Thermal

Co-Evaporation B

All-Perovskite
Triple-Junction

Optical Modelling
and

Current-Matching




Contents

1. Introduction and Background
Motivation and Context

Global PV Industry Technology Trends
Perovskite-Based Tandems

Thermal Co-evaporation of Perovskites

All-Perovskite Triple-Junction Solar Cells

N oo 0o &~ b

Conclusion and Future Outlook

7@ UNIVERSITY OF

%8> CAMBRIDGE



Background

EDUCATION

University of New South Wales, Sydney, Australia

PhD in PV Eng.

JULY 2011 - JAN 2016

Doctoral Thesis: Transparent Conducting Aluminium Doped Zinc

Oxide for Silicon Quantum Dot Solar Cell Devices in Third
Generation Photovoltaics.

Joint Supervisors: Prof. Gavin Conibeer and Dr. lvan Perez-Wurfl
Co-supervisor: Prof. Martin Green

University of New South Wales, Sydney, Australia

BEng (1st Class Hons.) in PV and Solar Energy Eng.
UNSW  £eB 2007 - NOV 2010

Honours Thesis: 46% Efficient Split Spectrum Cells Project -
Tandem Cell Spectral Response Characterization

Supervisor: Prof. Martin Green

= UNIVERSITY OF

CAMBRIDGE

RESEARCH EXPERIENCE

University of Cambridge, Cambridge, UK

Marie Sktodowska-Curie Postdoctoral Fellow
OIMBRIDGE JUL 2021 - JUN 2023

H2020 MSCA Postdoctoral Fellowship (2019). "Lightweight and
Flexible All-Perovskite Triple-junction Solar Cells" (acronym

PeTSoC). | was also the group manager at the lab (50+ researchers)
which involved people management; supervision; running
meetings; onboarding new researchers, visitors and students.
Supervisor: Prof. Sam Stranks

CSIRO Energy, Newcastle, Australia

Office of the Chief Executive (OCE) Postdoctoral Fellow

AUG 2019 - MAY 2021

Research and development of perovskite-silicon
tandem solar cell technology.
Supervisors: Dr. Noel Duffy and Dr. Gregory Wilson

.(I)ﬂ. EPF.L, Neuchatel, Switz.erland

. w— Marie Sktodowska-Curie Postdoctoral Fellow
FEDERALEDELAUSARNE JUN 2017 — MAY 2019

H2020 MSCA Postdoctoral Fellowship (2016). "High Performance
Wide Bandgap and Stable Perovskite-on-Silicon Tandem Solar
Cells" (acronym POSITS).

Supervisors: Dr. Quentin Jeangros, Dr. Bjorn Niesen, and Prof.

Christophe Ballif




Solar Energy Production

Renewable Non Renewable

| ral gas

.Biomass .
CoteC
® ®Hydro Uranium
Annual Geothermal .
Total reserves Coal

x UNIVERSITY OF * Anaya, M. et al. Joule, 1(4), 769-793 (2017)

Solar

World energy use

Waves

CAMBRIDGE » Adapted from Perez, R., and Perez, M. A fundamental look at supply side energy reserves for the planet. IEA/SHC Solar Update 62, 4—6
(2015).




Decrease in Silicon Solar Module Price
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Fig. 1: Learning curve for module spot market price as a function of cumulative PV module shipments.
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Trends in Commercial PV Technology

Different cell technologies
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Tandem or Multi-junction Solar Cells
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Fig. 2 Loss processes in a standard solar cell: (1) nonabsorption of below-
bandgap photons; (2) lattice thermalization loss; (3) and (4) junction and
contact voltage losses; (5) recombination loss (radiative recombination is

unavoidable).
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Efficiency Limit of

2T Monolithic Multi-junction Solar Cells

Table 5.1: Limiting efficiencies and optimal bandgaps for a range of tan T3 0
(Marti and Araujo 1996; Brown 2002). ]
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Bandgap Tunability of Perovskites
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Recent Work on Triple-junction Perovskites
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Perovskite Deposition by Solution vs Thermal Evaporation

Perovskite Deposition by Solution Processing
One-Step Deposition
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Two-Step Deposition
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Antisolvent application
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Perovskite Deposition by Thermal Evaporation
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The Three Perovskite Active Layers

in the Triple-junction Solar Celi
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Co-evaporated Cs, ;FA, ,Pb(Br, 41, 4); Perovskite Solar Cells
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Middle Subcell
FAPDbI,

E

FAPbI3 Quartz Crystal

[ Monitor

Yang, T. C.-J., Kang, T., Stranks, S. D. et al. Incorporating thermal co-evaporation in current-matched all-perovskite triple-junction

UNIVERSITY OF  gojar celis. EES Sol. (2025)

Thermal co-evaporator

CAMBRIDGE



https://doi.org/10.1039/D4EL00012A

Issues with FAI Decomposition
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FAPDI, Perovskite Solar Cells
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Monolithic Triple-junction All-Perovskite Solar Cell Design

with Optical Modelling Thickness Optimization
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Literature Review of Existing All-Perov Triple-junctions
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Next Solar Photovoltaic Material — Future Outlook

c-Si v 4 4 v
a-Si X v v v v
Si NC/QDs X v v 4 v
-V
Multi-junctions v X X 4 X
Perovskites v v v ? X
Organics v v v X v
DSSCs X v v X v
1I-VI CdTe v X 4 v/ X
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I-VI CZTS ? v 4 4 v
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