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17.1 NBTI Characterization Techniques: Review 
 
In last three lectures, we have discussed a number of different measurement techniques 
that can be used, in principle, to probe the interface states of MOS devices. The 
techniques covered are: 
 

§ Sub-threshold Swing (SS) method 
§ Linear region drain current (ID,lin) method 
§ Charge pumping (CP) method 
§ Direct current IV (DCIV) or gate-controlled diode method 
§ Spin Dependent Recombination (SDR) method 

 
In practice, none of the above techniques gives a complete picture of interface trap and its 
change due to applied stress. The performance of these techniques can be compared 
based on the following criteria. 
 
17.1.1 Unintentional trap recovery (during measurement) 
 
None of the above technique is free from recovery, because, all techniques, other than 
ID,lin, requires some finite time to measure the state of interface traps at each measurement 
point. From lecture 14 (Figure 6, repeated below), we can recall how such unavoidable 
recovery will effect the NBTI time exponent. The following figure also shows how the 
measured NIT using SS method merges with the measured value by ID,lin at long stress 
time. So, it can be inferred that at long stress time, all the above methods give similar 
prediction of NIT. 

 
Figure 17.1.1: Copy of Figure 14.6 

 



17.1.2 Discrimination between Si-H and Si-O 
 
Interface state can result from broken Si-H and/or Si-O bond. These two types of broken 
bonds, although they have similar charge states (under certain bias), they behave 
differently under the influence of magnetic field (i.e. they have different spin behavior). 
Specifically, the separation between triple states in SDR experiment will be different for 
interface states generated from Si-H and Si-O bonds. As a result, only SDR experiments 
can directly differentiate between interface states, generated from Si-H and Si-O bonds 
generated by applied stress.  
 
 
 
 
 
 
 

Figure 17.1.2: Both Si-H and Si-O bond exists at the interface 
 
 
17.1.3 Discrimination of interface traps from bulk traps 
 
When a device is stressed, generation of bulk traps within the dielectric is also possible, 
in addition to the generation of interface traps. Here also, all the techniques can not 
differentiate between bulk and interface traps. Only SS method can perform such 
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Similarly, in case of DCIV bulk trap only affects the peak position of IS vs. VG curve. 
The Shape and magnitude of IS vs. VG curve depends only on NIT; so discrimination 
among bulk and interface traps is possible using DCIV. But in case of all other 
techniques, bulk trap affects the determination of  ∆NIT. 
 
For example, ID,lin and CP methods have VT in its expression for ∆NIT calculation. VT is 
obviously affected by whatever charges present within the dielectric. Hence, ∆NIT 
calculation is effected by bulk traps. Again, SDR method probes interface states above 
the Fermi-level at the interface, the position of which depends on the existence of bulk 
traps. 
 
 
17.1.4 Ease in performing the measurement 
 
SS and ID,lin method is comparatively very easy to perform and can be done through I-V 
measurement with normal setup. DCIV method requires correction for leakage current, 
and hence is a little difficult. CP method requires the use of voltage pulses of different 

Si H 
Si O 
Si H 
Si O 
Si H 



frequencies. Among all, SDR method is the most difficult one to perform and requires 
application of high magnetic field (0.3~1 T) using special setup. 
 
 
17.1.5 Energy range probed 
 
Interface states are distributed along the band-gap of Si. Here also, all the measurement 
techniques cover different energy ranges with the band gap. For example, SS and ID,lin 
can probe the change in interface states, located below the surface Fermi level; whereas 
SDR can probe change in states above the Fermi level. DCIV and CP can measure the 
change in states near the mid-gap. By changing frequency in CP measurement, the energy 
range covered near mid-gap can be modified. 
 
17.1.5 Summary 
 

Method Trap 
recovery 

Discriminatio
n between Si-
H and Si-O 

Discriminatio
n between 
bulk and 

interface traps 

Ease in 
measure

ment 

Energy range 
probed 

SS v X v v Above EFS 

ID,lin X X X v Above EFS 
CP v X X X Near mid-gap 

DCIV v v X X Near mid-gap 
SDR v v X X Below EFS 

 
 
17.2 NBTI for Novel devices 
 
As technology advances, it is becoming more difficult to scale bulk transistors. To keep 
device scaling according to Moore’s law and ensuring good 2D electrostatic (control by 
gate, rather than drain), it will be necessary to replace bulk transistors with devices like 
FinFET, Si Nanowire, etc. Would NBTI be an issue for such devices ?  
 

Figure 17.2.1: 2D heat diffusion faster than 1D heat diffusion 
It turns out that although the magnitude of generated interface traps will get reduced due 
to the use of small geometry and lower voltage, the rate of generation could be 
significantly enhanced. The enhancement in generation rate is analogous to the case of 
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thermal cooling. Proper thermal analysis enables us to observe that a cylindrical structure 
cools a faster rate compared to a planar structure, having same surface area. Because such 
cooling is governed by heat diffusion and rate of thermal transport through 2D diffusion 
is much faster compared to transport by 1D diffusion. 
 
As NIT generation is governed by diffusion of hydrogen species away from the interface, 
it becomes obvious through analogy that NIT generation from 2D interface (for FinFET, 
Nanowire, etc.) will be faster compared to that for bulk planar structure (Fig. 17.2.2). 
Similarly, when the device geometry for bulk planar MOS is reduced, 2D diffusion 
becomes dominant and trap generation rate increases (Fig. 17.2.3).  
 

             
         (a) FinFET Structure    (b) 2D diffusion of H-species 
 

Figure 17.2.2: 2D diffusion of H-species in FinFET 
 
 
 
 
 
 

 
 
 

Figure 17.2.3: Diffusion of H-species in planar structure 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 17.2.4: Comparison of degradation in future devices with that in bulk MOS 
 
Summarizing in Fig. 17.2.4, we can see that although FinFET, Nanowire structure may 
have lower degradation due to the operation at lower stress, the increase in degradation 
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will higher in such structures, having dominant 2D diffusion. Hence, lifetime can be 
comparable to that of planar large structure (e.g. the effects will cancel out up to a certain 
time).  
 
17.3 NBTI for High-K devices 
 
Normally metal gate is used for High-K devices, instead of poly-Si. Because, formation 
of poly-Si over High-K dielectric results in the generation of big patches at the interface. 
At present, charge trapping is dominant degradation mechanism in High-K devices, 
which can be reduced by using interfacial SiO2 layer. Once SiO2 interfacial layer is used 
(0.5-1nm), the NBTI characteristics becomes similar to those of pure SiO2 films, making 
it possible to predict the degradation based on the classical model described in the class.  
 
 
17.4 NBTI for Logic vs. Memory 
 
In case of logic devices, activity factor (defined as the ratio of time a device is on to the 
total operation time for entire logic cell) for one PMOS device is less than one. For 
example, if an AC signal of 50% duty cycle is applied to PMOS, then the activity factor 
will be 1/2. As most of digital IC’s work in AC condition, a single device is expected to 
have lower NBTI degradation, compared to the situation where it is stressed alone. 
 
In case of memory devices like SRAM cell, at least one of PMOS transistors (M2 or M4 
in Fig. 17.4.1) will be stressed whatever information (0/1) is stored in the cell. Hence, 
NBTI is an important issue for such structure. 
 

 
Figure 17.4.1: A six-transistor CMOS SRAM cell 

 
 
17.5 Conclusion 
 
We have spent several lectures discussing various aspects of NBTI degradation. Next we 
will begin consideration of another important reliability issue involving gate dielectric 
breakdown (also called Time-Dependent Dielectric Breakdown or TDDB for short).  


