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Progress in Thin Film Photovoltaics: 
From Nanoscale Innovations to Device 

Efficiency
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35 mins train from London

Net zero campus by 2030 (PV  12.2MW)

• Located in Guildford
• ~17K students
• 2021 UK REF Ranking 33/135
• Electrical and Electronic

Engineering 6th in the UK



1. Structural Defects in solar cells

2. Perovskite solar cells

3. Widebandgap Perovskites
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Part I: Thin Film PV 
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Silicon vs Thin Film

Silicon solar cell fabrication process

Thin film solar cell fabrication process

Long processing time- Energy intensive process

Low material consumption, suitability for flexible substrates, low 
temperature processability, and monolithic integration
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PV Market 

Laser focus world 2020

<10%
Mostly 
CdTe
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PV Cost

45%

30%
27% <10%

Crystalline Silicon Photovoltaic Module Manufacturing Costs and Sustainable 
Pricing: NREL, 2018
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PV Cost History

Green, SPREE 
seminar (2020)

My PhD 

~10c/W



Crystalline Si thin film on Glass (CSG) Technology

Evaporated 
Si thin film
2-10μm

Closing ceremony, last day in Suntech 2013

Solar Energy Materials and Solar Cells 119, 246-255 



Appl. Phys. Lett. 2014

Crystalline Si thin film on Glass (CSG) Technology

Solar Energy Materials and Solar Cells 132, 282-288 

“NANOSCALE DEFECTS”

Thin Solid Films, 2016
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Part II: Halide Perovskites

Adv. Energy Mater.2023,13, 2301717
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Rise of Halide Polycrystalline Perovskites

MAPbI3, MAPbBr3, 
MAPbIxBr1-x FAPbI3, CsPbI3…

High absorption, carrier
 lifetime, direct bandgap,

“defect tolerant” 
(1015-1016cm-3)
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Silicon/Perovskite Tandem Solar Cells
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Si/perovskite tandem solar cells >34%  (Theoretical efficiency up to 45%)

Advanced Energy Materials 7.15 (2017) 1602807

Science 2020, 367, 1135.
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Wide bandgap phase segregation

MAPb(I1–xBrx)3

Nano Lett. (2013), 13, 4

c

Adv Func. Mater. 2022;32(12):2110698c

Phase segregation, band alignment 
mismatch, poor perovskite quality etc.
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Phase Segregation-Hoke Effect

Chem. Sci., 2015,6, 613

e

2.3eV1.6eV
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Widebandap Perovskite 
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I vs Br

Solubility difference 
between MAI and MABr

precipitation

Ionic radius difference 
lattice distortion

ACS Appl. Mater. Interfaces 2020, 12, 34, 38376

Chem. Commun., 2015, 51, 17658

RSC Adv., 2019, 9, 11151
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Widebandgap Perovskites

D. Kim J. Lim

ACS nano 15.12 (2021): 20391
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Effect of MABr incorporation

Bandgap ~1.55eV Bandgap ~1.6eV

Bandgap ~1.75eV Bandgap ~1.9eV
ACS nano 15.12 (2021): 20391
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Kelvin probe force microscopy

MABr%        
Flat dark grain

ACS nano 15.12 (2021): 20391
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Flat grains

50MABr%

Formation of embedded and flat grain with 
higher work function

J. Noh*, J.Yun*, ACS Nano (2021)
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KPFM under illumination

Flat grains-> only responses to 720nm -> likely I rich domain

ACS nano 15.12 (2021): 20391
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Nano-IR and HIMS-SIMS

Pb, I, MA rich
ACS nano 15.12 (2021): 20391

Contacts:
Minwoo Lee
Moonyong Kim
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IV curve

Hysteresis

5% Br
1.55eV

15% Br
~1.6eV

30% Br
~1.75eV

50% Br
~1.9eV

Hysteresis

ACS nano 15.12 (2021): 20391
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Phase Segregation

Before          After
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Halide Segregation

Nursultan
Mussakhanuly

30% Br and 1.71eV

vs

thermal disorder induced strain
Light induced strain
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Wide bandgap Perovskites

Favourable band bending and 
uniform Wf at the interface 
prevents the funnelling of 
carriers, thereby, phase 
segregation

15% Br and 1.67eV
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Wide Bandgap Perovskites

40% Br 1.75 eV

Adv. Funct. Mater. 2021, 2008908

Minwoo Lee
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Widebandgap Perovskite

Reference  PEAI Passivation 

Dark 

 Illumination

Dark 

 Illumination

Adv. Funct. Mater. 2021, 2008908
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Wide Bandgap Perovskite

23% Br, 1.68 eV

ACSAppl.Mater. Interfaces2023,15,31344

Large crystal growth, denser interface, 
reduced trap density

Hongjae Shim
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Wide bandgap Perovskite
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ACSAppl.Mater. Interfaces2023,15,31344
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Part III: Stability

Carriers need to be extracted fast to avoid interfacial recombination!
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FAPbI3 Perovskite

Adv. Energy Mater.2023,13, 2301717

Eunyoung Choi
(now at Diamond Light 
Source&Cambridge)

Al diffusion into the bulk
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ALD AlOx

Adv. Energy Mater.2023,13, 2301717

Supress lo

Suppress loss of OA
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Thermal Stability

Jihoo Lim

Excellent thermal stability

Poor thermal 
stability
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Thermal Stability

High e-field 
formation

Efficient hole 
extraction
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Summary

I & Br 

Surface passivation supresses ALD AlOx Stability 
Cross-sectional KPFM

Entropy of remixing at high T
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Thank you!!
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international@surrey.ac.uk

Any questions?
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