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Fig.1. Schematic of a 
comprehensive NBTI modeling 
framework consisting of 
uncorrelted �VIT, �VHT and 
�VOT components.  

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

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

Fig.2. Schematic of Si-H bond 
dissociation at the channel/IL 
interface. Inversion layer holes tunnel 
into interfacial Si-H bonds aided by 
the oxide electric field (EOX).  

Fig.13. Measured stress-
recovery time kinetics for (a) 
�VT, and (b) body coefficient 
(m).  

Fig.11. VGSTR dependence of fixed 
time degradation for Si and SiGe 
devices. The �VIT (dash line) at 
operating voltage is close to ΔVT. 

Fig.9. SA dependence of fixed time (a) �VT and its model prediction with �VIT 
subcomponent and (b) �VHT and �VOT subcomponents, for DC stress in FDSOI 
having different processes. SA induced variation is due to changes in �VIT. 

 

Fig.8. Model prediction of UF measured �VT for recovery after DC stress 
for different Ge% in the channel and N% in the gate stack for (a) SA=59 
and (b) SA=419.  

Fig.10. Model prediction of fixed time 
�VT for different processes. �VIT shown 
by line + symbols.  

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

 

Table-I:. Process description of all 
FDSOI devices analyzed, having 
different channel Ge% and N% in gate 
stack (N% changed by TiN thickness).  

Fig.12. EOL �VT at operating 
conditions and underlying 
subcomponents for Ge% and N% 
changes in FDSOI devices. 

 

Fig.7. Model prediction of UF measured �VT for DC stress for different 
Ge% in the channel and N% in the gate stack for (a) SA=59 and (b) SA=419. 
�VT reduces with increases in SA.  
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Fig.3. Stress profiles along the active 
for various STI to Gate length (SA).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Process Channel 
German-
ium (in %) 

TIN 
Thick-
ness 
(nm) 

Nitrid-
ation 
Level 

P1 0 45 High 
P2 25 45 High 
P3 30 45 High 
P4 30 10 Low 
P5 34 10 Low 

�	�



Fig.25. Tunneling parameter (�0) 
as a function of (a) channel Ge% 
and (b) N% in IL. �0 reduces with 
Ge% due to change in �B, but 
weakly depend on gate stack N%. 
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dependence of (a) ΔVIT pre-
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parameter (�0). FinFETs shows 
steeper strain dependence due to 
(110) sidewall.
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Fig.15. Prediction of recovery 
kinetics in RMG SiGe p-FinFET 
after DC stress for different VGSTR 
and T. Subcomponents for the 
lowest dataset are shown. 

Fig.14. Prediction of stress kinetics in 
RMG SiGe p-FinFET during DC stress 
for different VGSTR and T. 
Subcomponents for the lowest dataset 
are shown.  

Fig.29. TCAD prediction of fixed time �VIT (extracted from measured 
ΔVT) as a function of VGSTR at different T, for (a) Si channel and (b) 
SiGe channel with 25% Germanium RMG FinFETs. SiGe devices show 
higher VAF and larger T impact of VAF due to polarization (see Fig.2).  

 

Fig.28. TCAD prediction of �VIT stress time kinetics (extracted from 
analysis of p-FinFETs) at different VGSTR and T for Si (left) and SiGe 
(right) p-FinFETs. 

Fig.27. (a) TCAD [13] structure used 
for Si and SiGe FinFET simulation. 
(b) Hole density profile in channel 
Fin. Proper mechanism for Si-H bond 
dissociation (Fig.2) is used.

Fig.24. �VIT pre-factor as a function 
of (a) channel Ge% and (b) N% in 
IL. It reduces with higher Ge% but 
increases with higher N%.  

Fig.22. Simulated top and bottom 
hole (TH and BH) bands for Si 
and SiGe showing strong Ge% 
impact on the barrier �B.

Fig.18. Model prediction of measured fixed time ΔVT versus VGSTR at different T for Si and SiGe RMG p-FinFETs 
with different N%. VAF decreases with T. VAF (iso-T) increases with increase in Ge% and reduces with increase 
in N%.  

Fig.17. Prediction of recovery 
kinetics in RMG SiGe p-FinFET 
after AC stress for different VGSTR 
and T. Subcomponents for the 
lowest dataset are shown. 

Fig.16. Prediction of stress kinetics 
in RMG SiGe p-FinFET during AC 
stress for different VGSTR and T. 
Subcomponents for the lowest 
dataset are shown. 
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Fig.19. EOL �VT under operating 
conditions and underlying 
subcomponents for different Ge% 
(top) and different N%.  

Fig.23. (a) Channel Ge% impact on 
TH and BH bands. (b) Uniaxial 
compressive strain impact on TH 
and BH bands.

Fig.20. Prediction of �VT time kinetics 
for different channel length at fixed 
VGSTR/T. �VT reduces with reduction in L. 

Fig.21. Prediction of �VT as a 
function of VGSTR for different 
channel length. 
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