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Fig.2. Schematic of the stochastic 
RD model for H passivated bond 
dissociation and re-passivation at 
first and second interfaces and 
diffusion of H and H2.

Fig.1. Schematic of a comprehensive 
NBTI modeling framework consisting 
of uncorrelted interface trap generation 
(�VIT), hole trapping (�VHT) and bulk 
trap generation (�VOT) components.  

Fig.9. KMC simulated 3 dimensional Η2 profile for different stress time 
(left) and recovery time (right).  

Fig.10. KMC simulated individual 
and mean ΔVIT stress kinetics. 
Long time degradation shows 1/6 
power law time dependence. 
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Fig.3: The energy band diagram of 
PMOS during NBTI (a) stress and (b) 
recovery. Solid circle represents the 
donor traps after electron capture.  

Fig.4. TTOM time constant 
distribution as a function of 
oxide depth for different trap 
energy levels. 

Fig.5. Schematic of the Two Well 
Non-Radiative Multiphonon model. 

Fig.6. Experimental CCDF for 
single charge impact from TDDS 
measurement. 

�
�� �
�� �
�� �

 �
� �
� �
�
�
��

�
��

�
��

�7Δ8��9���+,��%1�% ,��:��
)&,/;%./�!%�<�,�*

Δ8
��
�)�
��

� *

1/��11�/,��)1*

Fig.11. KMC simulated ΔVIT 
stress kinetics with H2 lock-in. 
Continuum result is also shown.  
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Fig.14. KMC simulated 
normalized recovery kinetics 
after different stress time.  
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Fig.15. KMC simulated ΔVIT 
recovery kinetics showing individual 
traces and mean. Continuum 
simulation result with fast and slow 
subcomponent is shown.
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Fig.7. KMC simulated location of generated traps for different stress 
time at first (left) and second (right) interface.  
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Fig.8. KMC simulated location of remaining traps for different 
recovery time at first (left) and second (right) interface.  
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Fig.12. KMC simulated ΔNIT recovery kinetics (RD model without electron 
capture) and continuum simulation without diffusivity slow down effect for 
stress time of (a) 1s and (b) 10. Lock in is not considered.  

Fig.13. KMC simulated ΔNIT recovery kinetics (RD model without electron 
capture) (a) without H2 lock-in and continuum simulation without diffusivity 
slow down effect (b) with H2 lock-in and continuum simulation with diffusivity 
slow down effect.  
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Fig.23. Continuum simulated 
recovery kinetics for variation in 
NMP model parameters as in 
Fig.21. 

Fig.18. KMC simulated step 
height as a function of step time 
for ΔVHT (from NMP). 

Fig.24. (a) Measured ΔVT stress kinetics from multiple small area FETs for a 
fixed VGSTR and T, their mean; and model prediction of mean with different 
subcomponents. (b) Mean of measured ΔVT stress kinetics in small area FETs 
for multiple VGSTR and T, and model prediction with different subcomponents.    

Fig.27. Measured ΔVT recovery kinetics from multiple small area FETs and their mean; model prediction with 
subcomponents for (a) moderate VGSTR/T (reference case), (b) high VGSTR but for shorter stress time (ΔVHT 
dominated), and (c) high VGSTR but for longer stress time (ΔVIT dominated).

Fig.28. Measured ΔVT step height as a function of emission time from recovery kinetics of (a) moderate VGSTR/T 
(Fig.27 (a)), (b) high VGSTR but for shorter stress time (Fig.27 (b)), and (c) high VGSTR but for longer stress time 
(Fig.27 (c)). 

Fig.29. KMC simulated step height 
as a function of emission time for 
ΔVHT and ΔVIT for the case of ΔVHT 
dominated stress (top) and ΔVIT 
dominated stress (bottom). 

Fig.22. Mean of KMC simulated 
recovery kinetics for variation in NMP 
parameters (as Fig.21), which impact 
recovery kinetics (fast or delayed).    

Fig.21. Continuum simulated 
stress kinetics for variation in 
NMP model parameters as in 
Fig.21.  
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Fig.20. Mean of KMC simulated stress 
kinetics for various NMP parameters 
(E1 and Shw), which impact slope of 
long time degradation.   

Fig.25. Measured ΔVT recovery 
kinetics for subsequent TDDS 
sweeps in 2 similar small area 
FETs and their mean. 
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Fig.16. KMC simulated step height as a 
function of emission time for interface 
trap recovery using trap passivation, 
without and with electron capture effect.     
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Fig.26. Measured ΔVT step height 
as a function of step time from 
recovery kinetics for TDDS in 2 
similar small area FETs.     
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Fig.19. KMC simulated individual 
and mean ΔVHT stress kinetics. 
Continuum result is shown. 

Fig.17. KMC simulated individual 
and mean ΔVHT recovery kinetics. 
Continuum result is shown. 
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