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Peak electric-field of  7.41 x 105 V/cm 
across the oxide Peak electric-field of  7.84 x 105 V/cm 

across the oxide
Peak electric-field of  7.92 x 105 V/cm 
across the oxide

Time of Operation (s)
0 -1000
Vth ~ 4V

Time of Operation (s)
10000-100000

Time of Operation (s)
100000-10000000

Vth ~ 9V Vth ~ 9.3V

Fig. 2 Simulated TDDB mechanism for 4H-SiC power 
MOSFET for different time intervals. 

 

 

Where ε = material dielectric constant, ε0 = 
permittivity of empty space and Eox = electric field 
across the oxide. 

From the above expression, we can see with the 
increase in electric field across the oxide, breakdown 
voltage decreases, which is evident from Table 1. 

Acceleration Factor (AF): 

Using TDDB failure mechanism, the time to failure  
of the simulated 4H-SiC power MOSFET, is given by 

TF = A0 exp[ - γ Eox ] exp[Ea /kT]                        (2) 

Where, 

TF = time to failure, AF = Acceleration Factor = 
TFcond2/ TFcond1, A0 = process/material-dependent 
constant or scaling factors, Ea = activation energy 
~0.75 eV, k = Boltzmann’s constant = 8.62 x 10-5 eV/ 
K, T = absolute temperature in Kelvin, Eox = electric 
field across the dielectric in MV/cm., γ = field 
acceleration parameter (=~3 Naperians per MV/cm). 

In our simulation, Eox = 0.741 MV/cm from 0 sec. – 
10000 sec. and corresponding T is 8000K and 0.792 
MV/cm for  more than 10000000 sec. of operation 
and corresponding T is 12000K. 

So, the AF = TF(0 sec. to 10000 sec.)/ TF( more than 
10000000 sec.) 

                = 1.67 

i.e., in moving from a normal condition to highly 
accelerated test environment of long hours of 
operation, will reduce TF of the device by almost a 
factor of two than the normal operating condition.  

3. Conclusions 

In this simulation study, it is observed that the 
acceleration factor for more than 25000 hrs of 
operation for a 4H-SiC power MOSFET device is 
almost two which implies that in moving from a 
normal operating condition to highly accelerated test 
environment of long hours of operation will reduce 
the time to failure of the device by almost a factor of 
two than the normal operating condition.  
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