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Multi-scale calculation 

From QM transport to I-V device characteristics 
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SEGR in SiO2  
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•  L =1.4 nm  
•  Defect energy levels 
•  Defect atomistic map  
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ri, εi , σi 



Low-resistivity paths through oxide 
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J = ν0Σij(σi
boundary-σj) 

ν0 = 1.15 × 1013 s–1 Mott’s  
defect-to-defect 

tunneling 



Leakage Current Temperature Dependence 
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Leakage Current Time Dependence 
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Gate voltage: 3 V 
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Quantitative 
agreement! 

Massengill, et al., IEEE TNS 48 1904 (2001) 

Direct comparison with experiment 



Model results in real-time defect evolution and transient currents 
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Defect time evolution 
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Transient current 
Keeps going 



•  3D Mott defect-to-defect calculation of 
leakage currents  

•  Low-resistivity paths through oxide layers  

•  Displacement damage lead to appreciable 
current 
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Multi-scale calculation 

From QM transport to I-V device characteristics 
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