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ABX3 perovskite solar cells, where A is methyl ammonium, formamidinium or Cs, B is Pb or Sn and 
X is I, Br or Cl, have already exceeded 21% efficiency in single junction devices, and when combined 
with crystalline silicon in a tandem architecture, are set to surpass 25% efficiency in the near future.1 
The ideal semiconductor for multijunction optoelectronic applications must have a broadly tuneable 
band gap and operate at peak performance for any desired band gap. We have recently demonstrated a 
completely tunable band gap between 1.5 to 2.2eV with very good operation for a CsyFA1-yPb(IxBr1-

x)3 perovskite, an ideal range for the “top cell” in a tandem solar cell.1 However, perovskites 
composed mixed Pb-Sn perovskites could push this band gap much lower towards 1.1eV, opening the 
possibility of all perovskite tandems. We have recently made considerable progress with these low 
band gap perovskites, it therefore should now feasible to construct an all perovskite tandem solar cell 
with ultimate optimised efficiencies eventually surpassing 30%. This project will be split into 4 tasks: 
 
Task 1: Optimisation of low band gap perovskite solar cells 
By tuning the composition of the ions, coating processes and device architecture, we will target 
achieving 20% efficiency (currently at 13%) in a low band gap perovskite cell. 
 
Task 2: Construction of All perovskite tandems 
We will fabricate CsyFA1-yPb(IxBr1-x)3 cells with band gap of 1.8eV, and develop the means to deposit 
a recombination layer and the low band gap Sn based cells on top, to deliver complete monolithic 
perovskite tandems. Combinations of both solution and vapour phase depositions will be explored. 
We will specifically investigate employing carbon nanotubes as the recombination layers in the 
perovskite solar cells. 
 
Task 3: Understanding and enhancing stability 
Sn is most stable in the 4+ oxidized state yet in the ABX3 perovskite we require Sn to remain in the 
2+ oxidized state. It is apparent however than mixing the Sn with the Pb helps to stabalise the material 
to the extent that the cells can be measured in air. However, significant investigation must be made in 
order to assess the real stability of these materials. For this end we will undertake stability 
measurements of complete cells and materials for prolonged periods under light, different 
atmospheres and elevated temperatures. The target is to approach 1000hrs stressing under defined 
conditions with less than 10% degradation. Once achieved, collaboration with Oxford PV ltd will be 
sought in order to construct cells with appropriate encapsulation methodologies and stress under 
standard environmental stressing conditions.        
 
Task 4: Fundamental properties investigation  
There has been a lot of work undertaken so far on understanding the properties of Pb based 
perovskites, but very little on Sn based perovskites. However, in order to undersatand the special 
properties of perovskites, studying multiple systems will be greatly advantageous. Here, we will 
perform a series of measurements on the Sn based perovskites, including magneto-optical 
measurement’s2 and photoluminescence studies in order to deepen our understanding of these 
materials.     
 
References: 
1 McMeekin, D. P. et al. A mixed-cation lead mixed-halide perovskite absorber for 

tandem solar cells. Science, in-press (2016). 
2 Miyata, A. et al. Direct measurement of the exciton binding energy and effective 

masses for charge carriers in organic-inorganic tri-halide perovskites. Nature Physics 
11, 582-U594, doi:10.1038/nphys3357 (2015). 

 



 


