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E. L. Unger, Current Opinion in Sustainable Chemistry, Vol. 4, p. 72–76 

SOLAR (R)EVOLUTION 
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SIZE MATTERS 
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10% 156 cm2 perovskite module from Solliance 
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SCALING PEROVSKITE DEPOSITION 
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10% 156 cm2 perovskite module from Solliance 
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(Co)evaporation 



6 

Perovskite HySPRINT Lab 
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3 scalable deposition techniques for up to 100 cm2 
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Scalable solution-based methods 
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YOUNG INVESTIGATOR GROUP 
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rCs+  = 1.67 Å 
rMA+ = 2.15 Å 
rFA+  = 2.52 Å 
rPb2+ = 1.19 Å 
rSn2+ = 1.10 Å 
rCl-     = 1.81 Å 
rBr-    = 1.96 Å 
rI-       = 2.20 Å 

Ionic radii 

 

TOLERANCE FACTOR 

Methylammonium 

Formamidinium 

MA+ FA+ 

Cesium 

Pb2+ 

a0 

Cs+ 

Alternatives? 
Sn2+ 

I- Br- Cl- 
Iodide Bromide 

Chlloride 

Kieslich et al., Chem Sci. 2014, 5, 4712 



10 
 

BANDGAP TUNABILITY 
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Unger et al., invited Highlight paper, Journal of Materials Chemistry A 5, 11401 (2017) 

Pb-based perovskites: 
Absorption onset depends 
on lattice parameter 
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PEROVSKITE PERFORMANCE 
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Comparison of large data 
sets allows appreciation 
of general trends and 
limitations. 
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HIGH-THROUGHPUT SCREENING 
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INK & PROCESS DEVELOPMENT 
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1) Ink development 
• precursors 
• solvents 
• additives 

2) Process optimization 
• process parameters 
• in-line post-treatment 

High quality 
perovskite  
layers? 

? 



14 

UNDERSTANDING GROWTH 
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IN-SITU GROWTH STUDIES 

2 min 30 min         annealing 100oC 
high degree of  
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1Unger et al., Chem. Mater. (2014)     2Stone et al. (submitted to Nature Chem.) 

Data beamtime 2014 at SSRL1 

 
NOW we know the structure 
of the intermediate phase!2 



16 

IN-SITU GROWTH STUDIES 
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SCALING 

10% 156 cm2 perovskite module from Solliance 

Scaling devices to larger areas! 

Yes, we can (too)! 
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ADLERSHOF SCIENCE CAMPUS 

 



18 
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