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Voltage acceleration 
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How does the degradation scale with voltage and temperature? 
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Lifetime scales inversely with VD at Isub Max 

( )0log( )HCI
D Dsatt k V V∝ −



Lifetime scales exponentially with VD  
(at Isub Max) 

Habas et al., MIEL95, 1995. 

0log( )HCI
D Dsatt k V V∝ −( )



Lifetime described by power-law 
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 Time and voltage dependencies 
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Recall the analogy with NBTI 
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Voltage dependence: Balance Equation 
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What is hot electron distribution?  

Temperature  a proxy of describing energy of the hot electrons 

Isub  

n(
E)

 ( ) ~ LE kTn E e−

E 

( ) E kTn E e−≠ ( ) ~ eE kTn E e−

Electron-electron scattering 
Impact ionization feedback 



 Field distribution at on state 

Drift-diffusion simulation shows that field peaks close to the 

drain edge, as expected. 
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 Outline of the solution 
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Electron/Hole temp: balance equation 
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Long channel current:  

Energy balance at steady state:   
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Relaxation to lattice Carrier heating Self Energy-flux Work against pressure 



Electron temp. @ Pinch-off  
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 Electric Field in the Pinch Off Region 
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Position dependent gate current 
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Hot Electron gate current 
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Hot Carrier Lifetime  
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 Substrate current as a thermometer … 
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Rate of impact ionization 
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Hot Carrier lifetime by substrate current  
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Substrate vs. gate current  
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Voltage Scaling by Substrate Current  
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