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Abstract 

Multijunction solar cells are the first photovoltaic technology to surpass single-junction Shockley-
Queisser theoretical efficiency limits, and represent the highest efficiency of any solar cell technology.  
Recent experimental results on high-efficiency solar cells with 3-, 4-, and 5-junctions will be 
presented.  Many challenges remain to develop new semiconductors with lower rates of carrier 
recombination at the bandgaps needed to push toward still higher efficiencies.  Semiconductor 
materials that are inherently tolerant to recombination at grain boundaries and other defects are 
particularly intriguing as they hold the promise to allow low-cost growth methods for flat-plate 
multijunction cells.   
 
Work to identify unifying trends among defects in widely differing types of semiconductors and to 
identify the fundamental principles that result in remarkably low minority-carrier recombination 
activity at defects in some types of semiconductor materials will be discussed in the talk.  Earlier 
observations – for example, that electronic states of hydrogen in III-V and II-VI semiconductors are 
nearly constant with respect to the vacuum level, and that some defect energy levels in chalcopyrite I-
III-VI semiconductors show a strong similarity with respect to the vacuum level even for materials 
with widely varying bandgap – reveal a profound, unifying aspect of the fundamental nature of these 
materials that influences recombination at surface and bulk defects.  Research findings here may be 
extendable to other families of semiconductors as well, including II-VI semiconductors, to kesterite 
semiconductors such as Cu2ZnSn(S,Se)4, and to newer compounds such as perovskite CH3NH3PbX3 
(where X = Cl, Br, I)  semiconductors which are showing promise for thin-film solar cells.  One-sun 
multijunction cells made from such materials could have much higher efficiency than their single-
junction counterparts, and would have a game changing effect on the economics of solar electricity.   
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