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Δ T(Tn)=∫ΔVOTi(Et)∏exp{-ep(Et,Ti)Δt}dEt, 

where ΔVOT(Tn), ΔVOTi(Et), and Δt correspond to the 

t ΔVth of NBT stressed 

MOSFETs (ΔVOT) after annealing at Tn, the trapped hole 

energy distribution just after NBT stresses, and isochronal 

annealing period. 
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Table I. Samples for IAMEM and SDR. 

Period t s (s) Temperature T s (K) IAMEM SDR

A 10, 100, 1000, 10000 498
Cooled to 100 K

with V g=8 MV/cm
- - R , P ○ -

B 10, 100, 1000, 10000 498
Cooled to 373 K

with V g=8 MV/cm

Kept for 105 s

at 373 K with V g=0 MV/cm

Cooled to 100 K

with V g=0 MV/cm
P ○ -

C 10000 498
Cooled to 100 K

with V g=8 MV/cm
- - R , P - ○

D 10000 498
Cooled to 373 K

with V g=8 MV/cm

Kept for 3000 s

at 373 K with V g=0 MV/cm

Cooled to 100 K

with V g=0 MV/cm
some of R , P - ○
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ΔHpp (peak-to-valley dis-

tance), they can be attributed to Pb0-, Pb1-, and K-centers. 

The former two are well-known interface states located at 

the gate insulator/Si substrate interface [3]. Both centers 

could be produced through the interfacial Si-H bond break-

ing during NBT stresses. Meanwhile, K-center is the un-

paired spin on Si backbonding to three nitrogen atoms. This 

is undoubtedly present in the bulk oxynitride film.  

Interestingly, the intensity of Pb-centers exhibits small 

changes between C and D, while that of K-center signifi-

cantly decreases, indicating that Pb-centers contributed to P, 

while R is dominated by K-center.  

It should be noted that fixed charge proposed in the 

previous paper [3] could not be detected. It is possible that 

it has the structure like Si-O
+
H-Si without unpaired spin 

(SDR inactive). This is very important point to fully under-

stand NBTI phenomenon, therefore, more investigations 

are strongly required. 
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Fig. 1 (a): ts dependent NBTI recovery. Symbols and lines 

are experimental data and the fitting results by the empirical 

equation. (b): Universality in R. 
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Fig. 2 (a): ts dependent IAMEM results. Symbols and lines 

are experimental data and the MEM results. (b): ts dependent 

hole trap energy distribution extracted by MEM. 
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Fig. 3 (a): ts dependent NBTI recovery. Symbols and lines 

are experimental data (ΔVOT(tr)) and the calculations from the 

MEM results (erfc(tr)+P). (b): Universality calculated from 

the MEM results. 
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Fig. 4 SDR spectra and fitting results of sample C and D. 
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