
Auger Recombination 
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RAuger =  ( Cn n + Cp p ) ( np - ni
2 ) 

conduction band 

Cn 

Cp 

valence band 

How to determine C for InGaN QWs ? 
Joachim Piprek, NUSOD Institute, www.nusod.org 



Direct Experimental Evidence 
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 hot Auger electrons detected 
 magnitude of effect on droop 

unclear (C= ?) 
 disputed by other authors 

based on fast p-side carrier 
relaxation  
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Experimental Results for C of InGaN QWs 
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Theoretical Results for C in InGaN 

atomistic model calculations of the Auger parameter 

C = 3E-34 cm6/s (QW, direct)  [Hader et al., APL 2008] KP band structure 

C < 2E-30 cm6/s (bulk, direct)  [Delaney et al., APL 2009] inter conduction-band transitions 

C < 5E-33 cm6/s (bulk, direct)  [Bertazzi et al., APL  2010] inter conduction-band transitions 

C < 2E-31 cm6/s (bulk, indirect) [Kioupakis et al., APL  2011] indirect 

C < 1E-31 cm6/s (bulk, indirect) [Bertazzi et al., APL 2012] indirect 

C < 9E-31 cm6/s (QW, direct) [Vaxenburg et al., APL 2013] KP, zinc-blende 

C < 5E-31 cm6/s (QW, direct) [Bertazzi et al., APL 2013] strong d-dependence 

C < 7E-31 cm6/s (QW, direct, 2MV/cm) [Bertazzi et al., NUSOD 2014] 

direct Auger 
recombination  conduction band 

valence band 

indirect Auger 
recombination  

scattering 
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Theoretical Sensitivities of the Auger Coefficient 
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lines: QW model for C
n
 (Bertazzi et al., 2014)

symbols: ABC measurements

on single quantum well LEDs

quantum well thickness & electric field                        carrier density (bulk) 

 strong dependence on QW width and field 
 C varies with carrier density (Cn3 not correct) 

Hatakoshi et al., JJAP 2013 
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What do we need to do ? 
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   Develop theory for Auger recombination 

in InGaN and AlGaN quantum wells 

which includes the influence of 

• indirect transitions 

• polarization field 

• composition 

• thickness & shape 

• non-uniformities 
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