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1 Introduction: 
 

This note describes the use of MIG simulator, uploaded in www.nanohub.org, which contains a 

demonstration of Negative Bias Temperature Instability (NBTI), which is a major reliability 

issue for CMOS devices below 150 nm technology node. In simple words, NBTI means the 

degradation of MOS device that occurs when it is stressed at negative voltage. Such effect is 

significant in operating conditions of PMOS devices. Stressing such devices at negative voltage 

causes depassivation of Si-H bonds in the interface. As a result, interface traps are generated 

(reaction) and the resulting hydrogen species diffuses away from the interface (diffusion). Hence, 

device characteristics (threshold voltage, mobility, drain saturation current, etc) degrades with 

time and such degradation satisfies a power law (~ t
n
) formula. Implementing such Reaction-

diffusion (RD) model, MIG shows how threshold voltage of a PMOS device can change with 

time at different voltages and temperatures. 

 

2 Theory: 
 

Details about NBTI theory can be obtained in [1-4], where it is explained how an RD model can 

explain the time exponent of degradation (n) , the voltage and temperature dependency. As in [1, 

3, 5, 6], the hydrogen diffusion species generated from Si-H bond dissociation is stated as atomic 

hydrogen, which is also analytically shown in [2-4, 7]; thus explaining the experimentally 

observed time exponent, n~0.16-0.25. The voltage dependency of NBTI signifies it to be a 

electric field induced phenomena, so the forward dissociation of Si-H bond can be modeled as a 

field dependent process [3]. Moreover temperature dependency of NBTI shows indication of 

being controlled mainly by activation energy of diffusing particle, also illustrated in [3]. 

 

3 What MIG Does: 
 

Based on the RD model explained in [3], MIG estimates the change in interface traps (NIT), 

hence threshold voltage degradation (VT), resulting from NBTI phenomena, based on the 

voltage, temperature and stress conditions given. It can be used to mimic the experimental 

condition by indicating the points where VT measurement has to be taken, including the effect 

of delay (due to VT measurement time required by the setup). And finally based on the 

measured VT under DC (continuous stress) condition, projection of lifetime, tlife (the time at 

which the device will degrade up to a certain value of VT) can be made at both DC and AC 

(periodic stress, having duty cycle of 50%). The projection can be extended up to safe operating 

condition (when there will be additional constraint on tlife, along with VT). The following 

section contains a detailed description of all the inputs that can be given to MIG. 

 

 

http://www.nanohub.org/


4 Inputs to MIG: 
 

The first window that should appear after staring MIG will be as shown in Fig. 1. MIG has four 

input sections: 

 

 PMOS Parameters 

 NBTI Model Options 

 Measurement Options 

 Projection Options 

 

 

 
Fig.1: MIG Input Window 

 

4.1 PMOS Parameters 

This section (as shown in Fig. 1) is for setting the PMOS device parameters to be used in 

simulation. The parameters are: 

 Flatband Voltage (VFB): The voltage at which there is no band bending in 

semiconductor. 

 Effective Oxide Thickness (EOT): This is defined as a scaled (with respect to SiO2) 

physical width of dielectric layer, defined as: 

EOT = SiO2 Tdi/di; where, Tdi is physical thickness of dielectric layer and SiO2 and di are 

relative permittivity of SiO2 and dielectric layer respectively. 

 

 Substrate Doping: Doping of the N-type substrate being used (in /cm
3
). 

 Poly Doping: Doping of the P-type poly-silicon being used (in /cm
3
). 

 Ambient temperature: Temperature of the ambient under study in 
0
C. 



4.2 NBTI Model Options 

This section (as appears like Fig. 2) is to be used for specifying the NBTI stress conditions and 

information about the field and temperature model to be used in simulation. 

 

 
Fig. 2: Input window for NBTI Model options to be simulated 

 

4.2.1 Diffusion Species 

The simulator can handle both atomic hydrogen (H) and molecular hydrogen (H2) as diffusing 

hydrogen species, which results in a time exponent of ~0.16-0.25 [2-4]. The other option (H-H2) 

is disabled in the current version. 

4.2.2 DC/AC/Pulse Simulation 

This indicates stress mode that the simulator can handle. The stress can be either continuous 

(DC), for which the input options are (shown in Fig. 2): 

 Stress voltage 

 End time (of simulation) 

Options are also provided for simulating AC conditions, having inputs like (shown in Fig. 3): 

 Stress voltage 

 Frequency (for stress signal) 

 AC signal start time 

 AC cycles (to be simulated) 

 



 
Fig. 3: AC options 

In case of Pulse simulation, the inputs are (shown in Fig. 4): 

 Pulse steps: Voltage steps that can be simulated 

 Pulse train repetition number: Number of times the pulse train is to be repeated. 

For each voltage step in the pulse train, there are two options 

 Stress Voltage: Stress voltage at that step 

 Upto: Time up to which that pulse step does not change 

 

 
Fig. 4: Pulse train options 

 

For simulating the following pulse train, we need to the inputs like: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pulse steps: 2 

Pulse train repetition number: 2 

Stress Voltage 1: 2V 

Upto: 20s 

Stress Voltage 1: 1V 

Upto: 100s  

4.2.3 Temperature Dependence (Arrhenius Model Options) 

As explained in [3], temperature dependency of NBTI follows the Arrhenius diffusion model 

[Diffusion co-efficient, D = D0*exp(-EA/kT)], having the input parameters like (Fig. 5) Diffusion 

prefactor, D0 and Activation energy, EA. 

2V 
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20 sec 
0 
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Fig. 5: Arrhenius temperature dependent model options 

 

4.2.4 Field Dependency (Forward dissociation model) 

The dissociation of Si-H bond in NBTI is field dependent and such field dependency of forward 

dissociation co-efficient (kF) can be modeled by [3]  

kF = A EC exp(B Eox); where, EC being the semiconductor surface electric field due to mobile 

carriers and Eox being the oxide electric field 

So, the inputs parameters for this model (Purdue model), will be A and B. 

 

The above dependency of kF on Eox can also be effectively modeled using either an exponential 

model [kF = A exp(B Eox)] or a power law model [kF = A (Eox)
B
]. Input options for such models 

are also provided in MIG. 

4.2.5 Nitrogen Concentration 

In this version, this option is turned OFF. 

4.3 Measurement Options 

This option is only provided in DC/AC simulations. For Pulse train simulation, it is turned OFF. 

The inputs for this option (Fig. 6) are: 

 

 
Fig. 6: Measurement options 



 Measurement Delay: The time required for estimating VT at each measurement 

step. The effect of such delay results in an increase in time exponent, obtained from 

using VT at measurement points, as explained in [8]. 

 Time of measurements: This option is used for providing the information about 

measurement points. Such point can be Discrete (for which individual measurement 

points can be set for simulation), linearly or logarithmically spaced. For both linear 

and logarithmic setup First point, Final point and Time steps between the first and 

final point, inclusive is to be provided. 

4.4 Projection Options 

This option is only turned ON in DC simulation. The option window is shown in Fig. 7. Here, 

based on the measured VT under DC condition, projection of lifetime, tlife (the time at which the 

device will degrade up to a certain value of VT) can be made at both DC and AC (duty cycle 

=50%). The projection can be extended up to safe operating condition (when there will be 

additional constraint on tlife, along with VT). 

  

 
Fig. 7: Projection Options 

 

For having projection using DC stress simulation, the following inputs are to be provided: 

 Initial NIT: Initial interface trap density 

 Initial VT: Threshold voltage before applying stress 

 Degradation Criteria: This can be either Absolute (for which maximum VT 

allowed is to be specified) or Percentage (for which allowed % degradation in VT is 

to be specified) 



 Safe operating voltage calculation: Here, Lifetime Desired is to be specified, 

which will be used in addition of maximum allowed VT for projecting up to safe 

operating condition. 

5 Outputs of MIG 
MIG generates the following types of output curves. 

5.1 Generated Interface trap (NIT) vs. stress time 

This plot shows the change in interface trap density as a function of simulation time (stress time). 

The simulation time takes into account the effect of measurement delay used in simulation. For 

example, if measurement delay is 5 sec for 10 measurement points (measurement time 100, 200, 

… …, 900, 1000 sec), then simulation must be done at least up to (1000 + 10*5) = 1050 sec. At 

such condition, a measurement time of 900 sec will correspond to a simulation time of (900 + 

9*5) = 945 sec. Fig. 8 shows one example of such plot. 

 

 
Fig. 8: NIT vs. stress time 

5.2 Change in threshold voltage (VT) vs. measurement time 

This plot shows VT as a function of measurement time for DC and AC simulations. For 

measurement delay of zero, measurement time and simulation time are same. 

For Pulse train simulation (where, measurement delay is set to zero), this plot shows VT as a 

function of stress time. 

5.3 Diffusing Species Profile 

This plot is turned ON in DC/AC simulation. It shows diffusing species (atomic hydrogen in this 

version) profile at set measurement points. One example of such profile is shown in Fig. 9. 

 



 
Fig. 9: Diffusing Species Profile 

5.4 Time Exponent vs. Stress time 

This option is turned ON only in DC simulation. An example of such output is shown in Fig. 10. 

 
Fig. 10: Time exponent vs. Stress time curve 

5.5 Projection from stress to safe condition 

This is valid only in DC simulation and uses the projection options for predicting lifetime at 

stress and safe conditions. For projection in AC condition, DC data is used with proper AC 

derating. 

 

[1] K.O. Jeppson et al., JAP, 48(5), p. 2004, 1977. 

[2] S. Ogawa et al., PRB, 51(7), p. 4218, 1995. 

[3] M.A. Alam et al., Micro. Reliability, 45(1), p. 71, 2005. 

[4] S. Chakravarthi et al., IRPS, p. 273 2004. 

[5] S.S. Tan et al., Micro. Reliability, 45(1), p. 19, 2005. 

[6] D.K. Schroder et al., JAP, 94(1), p. 1, 2003. 

[7] A.E. Islam et al., TED, 54(9), p. 2143, 2007. 

[8] M. Ershov et al., APL, 83(8), p. 1647, 2003. 

 


