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Fig.2. Schematic of Si-H bond dissociation 
at the channel/IL interface. Inversion layer 
holes (density pH) tunnel into (mass mT, 
barrier �B) interfacial Si-H bonds aided by 
the oxide electric field (EOX). The bond is 
broken by thermal excitation with 
activation EAKF1.  
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Fig.9. Left: Model prediction and subcomponents of fixed time �VT as a 
function of VGSTR for a fixed T. Right: Overall model prediction of fixed 
time �VT as a function of VGSTR for different T. Channel length of 160nm is 
used.

Fig.8. Model prediction of (a) stress, and (b) recovery time kinetics during 
DC stress for different channel lengths at a fixed VGSTR and T.  

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

Fig.3. Time evolution of UF measured �VT for DC stress (a) with 
model prediction and different subcomponents at fixed VGSTR and 
T, and (b) overall prediction at multiple VGSTR and T. 

Fig.4. Time evolution of UF measured �VT for recovery after DC stress (a) 
with model prediction and different subcomponents at fixed VGSTR and T, and 
(b) overall prediction at multiple VGSTR and T. 

Fig.5. Time evolution of UF measured �VT for AC stress (a) with 
model prediction and different subcomponents at fixed VGSTR and T, 
and (b) overall prediction at multiple VGSTR and T. 

Fig.6. Time evolution of UF measured �VT for recovery after AC stress (a) 
with model prediction and different subcomponents at fixed VGSTR and T, 
and (b) overall prediction at multiple VGSTR and T. 

Fig.7. Model prediction of fixed time Mode-B AC degradation as a 
function of (a) duty cycle (for a fixed frequency) and (b) frequency (for 
a fixed duty cycle).  

Fig.11. Left: Model prediction and subcomponents of fixed time �VT as a 
function of VGSTR for a fixed T. Right: Overall model prediction of fixed 
time �VT as a function of VGSTR for different T. Channel length of 20nm is 
used.

Fig.10. Left: Model prediction and subcomponents of fixed time �VT as a 
function of VGSTR for a fixed T. Right: Overall model prediction of fixed 
time �VT as a function of VGSTR for different T. Channel length of 80nm is 
used. 
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Fig.18. Channel length 
dependence of SZZ (along the 
channel) stress component.  

Fig.16. 10 yrs. model projection with
subcomponents for different channel
length. For shorter channel, �VIT

decreases; whereas �VHT and �VOT

remain similar. 

Fig.15. Comparison of model 
subcomponents at fixed time for 
different channel length (for fixed 
VSTR/T). 

Fig.12. Left: Model prediction and subcomponents of fixed time �VT as a 
function of T for a fixed VGSTR. Right: Overall model prediction of fixed 
time �VT as a function of T for different VGSTR. Channel length of 160nm 
is used. 

Fig.19. channel length 
dependence of tunneling 
effective mass (mT) and barrier 
height (�B).   

Fig.14. Left: Model prediction and subcomponents of fixed time �VT as a 
function of T for a fixed VGSTR. Right: Overall model prediction of fixed 
time �VT as a function of T for different VGSTR. Channel length of 20nm is 
used. 

Fig.13. Left: Model prediction and subcomponents of fixed time �VT as a 
function of T for a fixed VGSTR. Right: Overall model prediction of fixed time 
�VT as a function of T for different VGSTR. Channel length of 80nm is used. 

Fig.20. Mechanical Strain impact on 
the tunneling parameter (�0) and 
prefacer (kFIT). Data normalized to 
unstrained value.  

Fig.23. Left: TCAD modeling of experimentally extracted �NIT stress 
time kinetics for different VGSTR and T conditions. Right:  TCAD 
prediction of fixed time experimentally extracted �NIT as a function of 
VGSTR for different T. Channel length of 80nm is used. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.17. Left: TCAD simulated SiGe S/D induced strain along the channel 
length (SZZ). Right: Stress profile from source to drain in different directions 
of fin. Only the stress component along the channel length dominates.    

Fig.22. Left: TCAD modeling of experimentally extracted �NIT stress time 
kinetics for different VGSTR and T conditions. Right:  TCAD prediction of 
fixed time experimentally extracted �NIT as a function of VGSTR for 
different T. Channel length of 160nm is used. 

Fig.21. Channel length dependence 
of �0 and ‘kFIT’ obtained from both 
theoretical calculations and 
experiments. The reduction in ‘kFIT’ 
is responsible for reduction of �VIT.

Fig.24. Left: TCAD modeling of experimentally extracted �NIT stress 
time kinetics for different VGSTR and T conditions. Right:  TCAD 
prediction of fixed time experimentally extracted �NIT as a function of 
VGSTR for different T. Channel length of 20nm is used. 
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