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Narrow-Gap Semiconductors for High 
Efficiency Next-Generation Photovoltaics 

•  Introduction: the energy problem, photovoltaics…… 

•  Current status of PV: state of the art, economics etc. 

•  Next Generation PV: where next? Third-Generation PV 

Ian R. Sellers 
Dept. Physics & Astronomy 

University of Oklahoma 



Photovoltaics	  Materials	  &	  Device	  Group,	  University	  of	  Oklahoma:	  h=p://www.nhn.ou.edu/~sellers/group/index.html	  	  	   2	  

• Need	  for	  alterna,ve	  sources	  of	  
energy	  
• Currently	  PV	  less	  3%	  of	  energy	  
market	  
• UK	  has	  an	  80%	  reduc,on	  in	  CO2	  
emissions	  target	  →	  all	  technologies	  
will	  need	  to	  play	  	  a	  role…	  

• 	  Solar	  radia,on	  is	  an	  non-‐pollu,ng	  abundant	  source	  of	  free	  energy	  	  

• 	  Photovoltaics	  describes	  a	  technology	  in	  which	  the	  energy	  of	  the	  sun	  is	  
absorbed	  and	  converted	  to	  electricity	  using	  semiconductor	  technology	  

• 	  Currently	  this	  PV	  market	  is	  dominated	  by	  silicon	  technology	  but	  is	  
expensive	  and	  rela*vely	  inefficient	  (~	  3-‐4	  $/W	  and	  14-‐18%)	  	  

The Energy Problem 
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Photovoltaics: The solution? 
Maybe…… but not quite yet! 

Shockley-Queisser limit predicted max efficiency ~ 30% (J. Appl. Phys. 1961) 
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Photovoltaics: Current Issues 

Hirst & Ekins-Daukes, Prog. PV. 19, 286 (2011) 

Significant amount of energy is lost! 
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Cost of Photovoltaics: Economics 
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Source: Greentech Media. 

Source: Average US Energy Costs. Data: 
Barbose 2012, Kurtz 2012, US EIA 

Solar prices continue to fall but so do other forms of “new” energy! 
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Third Generation Photovoltaics 

Source: M. A. Green, “Third Generation Photovoltaics,” Springer 2006  
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Improving Efficiency 

86.7% of the sun’s energy is available of conversion! 

Hirst & Ekins-Daukes, Prog. PV. 19, 286 (2011) 
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Third-Generation Technologies 

•  Multi-junction Solar Cell 

 
•  Intermediate-Band Solar Cells 

•  Hot Carrier Solar Cells and Multi-exciton Generation 
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Multi-Junction Solar Cells 

•  Stack individual semiconductors to absorb different region of solar spectrum 

•   Used in space applications 
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Multi-Junction Solar Cells: Utilities? 

Big push to use MJSCs at utility scale: solar power stations 

•   Increase in efficiency have been predicted to have big 
effect on economics in CPV 

•  Have been so success in improving efficiency of MJ 
systems: metamorphic growth, GaInNAs 

Sharp: 44.4% (302 suns) Solar Junction: 43.5% (500 suns) 
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Intermediate Band Solar Cells 

Intermediate Band Solar Cell 

Luque & Marti. Adv. Mat. 22, 160 (2010) 
H. Y. Liu , I. R. Sellers et al. Appl. Phys. Lett. 85, 704 (2004) 
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Harnessing “hot” carriers 
Hot carrier solar cells 

•  Carrier thermalize on picosecond timescale 
 

•  Efficient carrier extraction requires thin absorbers good “phononic” properties…  

• Energy selective contacts 

Source: “Third Generation Photovoltaics,” M. A. Green, Springer 2006 
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Harnessing “hot” carriers 

Multi-exciton Generation 

Brown & Wu. Laser & Photon Rev. 3, 394 (2009) 
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Third-Generation Technologies 

•  Multi-junction Solar Cell 

 
•  Intermediate-Band Solar Cells 

•  Hot Carrier Solar Cells and Multi-exciton Generation 
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3G PV: Harnessing the solar spectrum  

Fundamental Gap  
~0.7eV 

Hot Carriers 
 

2, 3x Eg - MEG  
 

Δ EIC - IBSC 

To harness the solar spectrum effectively Energy-gap is lowered slightly to ~0.7eV 
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Narrow-Gap Semiconductors 

Y. S. Park, Optoelectronics Rev. 9, 117 (2001) 
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QD Intermediate Band Solar Cells 

InAs/Ga(Al)As QDSCs 
•  Hubbard et al. APL 2008 
•  Guimard et al. APL 2010 

•  Zhou et al. APL 
•  Sablon et al. APL, Nano Lett. 2010  

•  Tutu et al. JAP 2012 
•  Willis et al. SOLMAT 2012 

•  Marti et al. PRL 2006 

GaSb/(In)GaAs QDSCs 
•  Laghumavarapu et al. APL 2007, PVSEC 2013 

Huffaker Group… 
 

GaAs/InAs QDs/GaAsSb 
•  Honsberg Group ASU.. 

•  Sellers, Santos OU 
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QD Intermediate Band Solar Cells 

     Levy & Honsberg . IEEE Trans. Elect. Dev. 55, 706 (2008) 

InAs QD/GaAs0.86Sb0.14As 
 

Predicted PCE > 50% 
Full GaAsSb matrix structure 

GaAs(001) substrate 

GaAs buffer: 250 nm 

GaAs0.872Sb0.128 matrix: 10 nm 

GaAs0.872Sb0.128 cap: 50 nm 

InAs wetting layer: ~1.5 ML 

InAs wetting layer: ~1.5 ML 

Uncapped InAs QDs: 1.75 
ML- 3.5 ML 

Capped  InAs QDs 
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QD Intermediate Band Solar Cells 

QD Densities > 1011cm-2 

GaAs(001) substrate 

GaAs buffer: 250 nm 

GaAs0.872Sb0.128 matrix: 10 nm 

GaAs0.872Sb0.128 cap: 50 nm 

InAs wetting layer: ~1.5 ML 

InAs wetting layer: ~1.5 ML 

Uncapped InAs QDs: 1.75 
ML- 3.5 ML 

Capped  InAs QDs 
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Multi-Exciton Generation 

Beard, Nozik et al. Science 334, 1530 (2011) 

Most recent work in the colloidal 
QDs: some related work in PbS 
bulk: what about epitaxial III-V’s? 



Photovoltaics	  Materials	  &	  Device	  Group,	  University	  of	  Oklahoma:	  h=p://www.nhn.ou.edu/~sellers/group/index.html	  	  	   21	  

Narrow-Gap Semiconductors: InN 

Y. S. Park, Optoelectronics Rev. 9, 117 (2001) 
Davydov et al (1999) 

Extremely attractive “phononic” properties optimum Energy gap! 

90meV 
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Evidence of MEG in InN 
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Jensen, Sellers, Bonn et al, APL 101,  222113  2012 
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Evidence of MEG in InN 
Jensen, Sellers, Bonn et al, APL 101,  222113  2012 

Impact Ionization seen in InSb, Si, PbS, and PbSe, and now InN! 
 

At OU we are also assessing the possibility of InAs, InSb, and GaSb…… 
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Hot Carrier Solar Cells 
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Hot Carrier Solar Cells 

28th EU PVSEC, Paris 2013 
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Summary 

•  Photovoltaics is genuine contender to address global energy needs 

•  The viability of this technology on a utilities scale requires novel solutions and a 
new generation of devices operating at high efficiency without prohibitive cost 

increases 

•  3rd Generation PV using narrow-gap semiconductors (and the development new 
architectures and (nano)structures from them) offers exciting possibilities for 

high-efficiency solar cells. 

•  Although high-risk, groups around the World have demonstrated the potential of 
third generation PV, which although challenging, offers the potential for a 

paradigm shift in solar cell operation and performance 

sellers@ou.edu 


