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

Best Research-Cell Efficiencies 
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Solar Energy Distribution 

Photovoltaics Materials & Device Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/group/index.html   
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Intermediate Band Solar Cells 

Luque, Antonio, and Antonio Martí.  Advanced Materials 22.2 (2010): 160-174. 

Increase the efficiency of low-cost solar cells as long as have the 
potential of operating with very high efficiency. 

Photovoltaics Materials & Device Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/group/index.html   
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Quantum Dot Intermediate band solar cell 

Luque, Antonio, and Antonio Martí.  Advanced Materials 22.2 (2010): 160-174. 

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

Motivation 
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Transition from Type ǀ to Type ǁ‖  

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

Type ǁ‖ Alignment Type ǀ Alignment 

For a Quasi-flat valence band, we should have a weaker PL 
due to the carrier escape for valence band.  

Type ǀ Alignment has more osillator strength, which gives us a 
high PL intensity compared with Type ǁ‖ Alignment. 
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Experiment Data and Analysis 

GaAs.872Sb.128       50 nm  
   InAs QDs          x ML 

GaAs.872Sb.128       10 nm     

GaAs. Buffer     250 nm 

GaAs. Substrate 

   InAs QDs          x ML 
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Photovoltaics Materials & Device Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/group/index.html   

We vary the thickness of InAs 
QDs. 

The 3MLs sample gives us the 
best PL result. 
 

QDs density is nearly  211104 −× cm
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GaAs1-xSbx       50 nm  
   InAs QDs          3.0 ML 
GaAs1-xSbx       10 nm     

GaAs. Buffer     250 nm 

GaAs. Substrate 

   InAs QDs          3.0 ML 

Barrier 
Composition  
varies 

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

Experiment Data and Analysis 

We vary the Sb composition in the 
barriers from 10% to 18% 

The 12% Sb gives us PL intensity 
two order magnititude larger than 
the 16%  
 
The Sb composition increasing 
shows peak shift and PL intensity 
reduction 
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Photovoltaics Materials & Device Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/group/index.html   

4K PL Data and Analysis 

Large defects band 

Question: 
Is this reduction due to Type ǀ to Type ǁ‖ transition or due more to 
defects? 
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TD PL Data and Analysis 

Ø 16% rapid reductions in PL with T and low absolute PL intensity. 
Ø 12% classic TD PL – thermal expansion related shift. 
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Transition from Type ǀ to Type ǁ‖  

 Ledentsov, N. N., et al.  Physical Review B 52.19 
(1995): 14058. 

 Ban, Keun-Yong, et al. Journal of Applied Physics 
111.10 (2012): 104302. 

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

 At higher powers an excess of holes and electrons are 
created at the interface between the two semiconductors. For 
Type ǁ‖, the spatial seperation of carriers in CB and VB will 
induce a electric field which bend the energy level and 
increase the gap.  
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Power Dependence Study 
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The energy shift of 14% is 3 times larger than the 12%  
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Power Dependence Study 
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Conclusions:  
Optimized growth conditions for InAs QDs in “full” GaAsSb matrix.  
 
Investigated tuning QD energy and type-I to type-II offset via Sb-
composition in GaAsSb matrix: Transition evident around 14% 
 
However, large defect band evident for increasing Sb > 12% 
 
Future work: 
Investigate further defect band versus type-II in larger Sb-
containing samples 
 
Multi-layer and doped QD structures with a view to producing QD 
solar cells based on InAs/GaAsSb QDs system. 
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