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http://www.nrel.gov/ncpv/ 

Note on emerging PV: Lab scale, “un-stabilized” or other caveats  

http://www.nrel.gov/ncpv/


Before Perovskite PV and post 2009 
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3.9 % 

17.9 % 

21.07% 

15% - mesoporous TiO2 
2-step deposition 

15.4 % co-evaporated 
Planar PIN  

15.9 % MSSC Al2O3 
Solution processed 

CH3NH3PbI3 

Meteoric rise of efficiency in PV Performance 

22.6-23% 
+23%?? 

D. B. Mitzi, C. A. Feild, W. Harrison, and A. M. Guloy, “Conducting tin halides with a layered organic-based perovskite structure,” Nature, vol. 369, n      



Solar ‘Perovskite’ 
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Generic formula: ABX3 

A = {Methylammonium, Formamidinium, Cs …} 

CH3NH3
+  Pb2+   I- 

A B X 

B = {Pb, Sn, … } 
X = {Br, I, … } 

Notable work by Mitzi in transistors 

B. Saparov and D. B. Mitzi, “Organic–Inorganic Perovskites: Structural Versatility for Functional Materials Design,”  
Chem. Rev., pp. acs.chemrev.5b00715–39, Apr. 2016. 



Band gap tuning (solution processed GaAs) 
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Formamidinium lead trihalide: a broadly tunable perovskite for efficient planar 
heterojunction solar cells 

Eperon, Snaith et al. Adv Funct. Mat. 2014 

Relative sizes of all components determine strain and 
optoelectronic properties 

Eperon et al. Energy Environ. Sci., 7, 982 (2014) 



Requirements 
• Three critical elements required of any PV 
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‣Perovskites are cutting edge cell nano technology that offer potential for 
significant cost reductions 

‣For hybrid/halide perovskite materials as 
well as resulting HPSCs, connections 
between material, processing, 
properties/performance are closely linked 



Approach to Pevoskite PV for SuNLaMP   
• NREL SuNLaMP program focus on three key requirements of successful PV 

technologies 
• Emphasis near term is on stability (not neglecting other components) 
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‣Credible applied science efforts require the ability to maintain core activities for 
advances in these areas with agility to change emphasis as required to advance 
this technology to market. 

Goal: Enable HPSCs Technology 



Core HPSC efforts 
• Stability 

– active stability 
– +16% PAL 
– Stable in high (90%) 

humidity 
 

• Efficiency and stability 
– Understanding of band 

alignments 
– Clearer identification of 

performance limitation 
of contacts 

 
• Stability & scalability of 

devices 
– Improved stability with 

contact choice 
– Lower cost contact with 

better stability 



• Foundational insight into PAL material formation  
• Basic information to enable interface engineering 
• Critical information regarding PAL optical properties  
• Demonstrate impact of contacts in HPSC device stability 

• Developed & demonstrated PAL with improved 
hydrothermal stability 

• Improved carrier transfer from PAL to SWCNT HTM and 
impacts on HPSCs 

High quality technical output is priority 

Key findings/results 

New capabilities 
• Scalable processing of HPSC in development (Blade and R2R based synthesis with NREL LDRD)  
• SPA capabilities (operational with additional bandwidth  being constructed) 
 



Q4FY16 publications 

•Additional 8 publications 
o  4 relating to stability  
o  3 relating to scaling   
o  3 basic science innovations  

(Multiple cross cutting publications) 
 



SuNLaMP activities 
– Performance and Stability (perovskite active layers= PAL) 

• CsxFA1-xPbI3 device demonstration and initial stability 
• CsxFA1-xPbI3 microstructure control 

– Impact of structure on electronic properties  
• MAxCsyFA1-x-yPbBrα I3-α  
• Sn based alloys  
• Baseline studies of MAPbI3  

– Performance and Stability (interfaces and contacts) will be discussed at ONR work shop 
• Spiro acid doping 
• Spiro–free/Alternate HTMs (organics) 
• SWCNTs (Blackburn) 
• MAPbI3 vs Alloys Interfaces (performance and stability) 

– CsxFA1-xPbI3, MAxFA1-xPb I3, MAxCsyFA1-x-yPbBrα I3-α   
• Phosphonic acid modified interfaces (Q2 call)  

– Scaling activities 
• +6 volt mini-module (Nat. Lab Day) 
• 1cm2 devices (Q2 call) 
• Characterization and process development 
• PAL formation 

– Cross cutting studies (stability) 
• In-operando experiments at SLAC  

– (CsxFA1-xPbI3, MAxFA1-xPb I3, MAxCsyFA1-x-yPbBrα I3-α)  
– Different contacts/device architectures 

• SPA and Combi-degredation experiments 
–  (CsxFA1-xPb I3-, MAxCsyFA1-x-yPbBrα I3-α)  
– Different contacts/device architectures 

• Materials formation 

HPSC Activities 

Device Area: 1.2 cm2 

Blade coated device~13.8% PCE 
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Goals for SUN UP 
• Scientific publication is targeted outcome 

o High technical merit (compelling research idea/topic) 
– Not already under investigation 

o Materials characterization based projects 
o Device characterization based projects 

• If one or both of the following is true 
– Narrow project scope (i.e. specific technical question) 
– Existing/Prior Perovskite Material/PV experience 
– Technical Merit 

o Then 6 month term is reasonable 
• If these are not the case then it will likely take additional 

time to do some thing publishable 
• Everything is negotiable but you will have to make good 

case for the benefits 
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