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24.1 Review 
So far we have covered the kinetics of TDDB, its variation with time (t), voltage (V), and 
temperature (T). It has also been shown that TDDB being a stochastic process, requires 
one to consider statistical features.  The progress so far is summarized in the table below: 
 

Problem T V T Statistics 
BFRW 1/t2 Flow   
NBTI t1/6 R-D Cascade Normal/Poisson 

Thick TDDB ln(t) Bulk  ? Normal/Weibull 
Thin TDDB t0.7 – 0.9 AHI ? Weibull 

HCI t1/2 Lucky electron ? Normal/Poisson 
 

24.2 Review of localization: 
 
In the last class, we discussed whether increase in tunneling current due to the formation 
of traps can localize the formation of bulk traps, thus making post first-breakdown trap 
generation a deterministic (or correlated) process, rather than a random process. In the 
following paragraph, we give a somewhat detailed explanation of this localization issue. 
  

 

 
Figure 1:  The current and Hole injection levels before oxide trap generation (a,b). 

After trap generation, the electron current goes up dramatically at a particular postion (c), whereas the 
hole (generated from II) injection (d) only goes up marginally (shaded), not by the amount shown by line in 

(d), as one might roughly guess.  
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Before a device is stressed (having no bulk traps), the gate current (tunneling) will be 
uniformly distributed through the dielectric. When a trap forms in the oxide due to the 
application of stress, the current jumps up in that local region (Figure 1). If this increased 
current resulted in Impact Ionization (II) (aTp in that area jumps), then there should be a 
further formation of bulk traps in the same region. Thus the formation of trap will get 
localized in the region, where the bulk trap is formed at first. Such localization 
completely violates the main assumption of TDDB theory, based on Weibull statistics 
(which is experimentally known to be true), that trap generation is spatially random. 
 
This fallacy has been addressed by Takagi et al. by proving that trap-assisted current (the 
square jump in Fig. 1c) actually losses an energy of ~ 1.5 eV, due to some inelastic 
processes. As a result, this extra trap-assisted gate current (SILC) will not have sufficient 
energy to create II. Hence, in that particular area, where there is a trap formation, aTp will 
not increase by that much as predicted by square in Fig. 1(d), rather there will only be a 
small increase, as shown in shaded region of Fig. 1(d).  
 
24.3 Soft Breakdown (SBD) vs. Hard Breakdown (HBD):   
 
Hard break down can occur when a percolation path forms, the current jumps through 
this path, and enough heat is generated to ‘melt’ the oxide.  In this case, the device is 
rendered useless with gate/substrate shorted.  In soft breakdown, the heat generated is not 
enough to ‘melt’ the oxide. Therefore multiple soft breakdown events can occur without 
device reaching the failure point (Figure 2). Such SBD will be an important consideration  
for devices operated at reduced voltage, because it can prolong oxide lifetime by orders 
of magnitude. When a constant voltage stress is done, then the gate current show a 
sudden jump for HBD and step jump in case of SBD. And for constant current stress, gate 
voltage shows a sudden jump for HBD and step jump in case of SBD. The question is 
what is the transition point between HBD and SBD. Distribution of percolation resistance 
will help us to have a distinction between HBD and SBD. 
 

 

 
Figure 2: A model of oxide breakdown (a), with Rperc that switches on once a path is formed. (b) Stress 

current variation when device is operated under with constant voltage, (c) Voltage across the device, when 
is operated at constant current. Hard (solid) and soft (dashed) breakdown occurs are noted in the figure. 
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24.4 Percolation Resistance:   
 
Percolation resistance does not have a unique value, i.e. the PDF vs Rperc is not simply a 
delta function equal to the resistance of the shortest path through the oxide. Rperc actually 
has a distributed from as shown in Fig. 3.  This is due to the fact that longer percolation 
paths are also being possible, as well as shorter paths, resulting higher and lower 
percolation resistance respectively (Fig. 4).  

 
Figure 3: The PDF of Rperc is a Gaussian function centered around the minimum distance resistance. 

 
Figure 4: Existence of longer (C) and shorter (A) percolation paths. 

 
Using figure 2(a), the total current through a MOS device is: 

Tstress AJAJ =  (before stress)     ---(1) 

δVG
dt
dV

ACAJAJ oxTstress }{ 0++=  (after stress)  ---(2) 

where, JT is gate tunneling current, Cox is the oxide capacitance, {G0} is the distributed 
conductance (as shown in Fig. 3). It is to be noted here that current through the 
percolation resistance is area independent, because the percolation path area is 
determined entirely by statistics. Solving this two equations using proper percolation 
conductance distribution, one can obtain total leakage current variation before and after 
TDDB stress (Fig. 5). 
 
The power dissipated in the percolation resistance can also be determined using the 
following equation: 

)(tvJP percperc ⋅=     ---(3) 
When the power dissipation goes beyond certain threshold limit, then device will be 
suffering from HBD failure.  
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Fig. 5: Gate current before (solid) and after (dotted) TDDB. 

 
 
24.5 Graphical Solution of Equation (1) and (2) 
 
Instead of having a numerical solution of eqn. (1) and (2) in conditions before and after 
stress, we can obtain the solution graphically using figures similar to Fig. 5. The 
following special cases are considered below: 
 
24.5.1 Area Dependence 
 
Suppose, we have two devices operated to be stressed at same voltage having different 
area (hence JG(t<0) will be same for both devices, although IG(t<0) will be higher for large 
area device, as shown in Fig. 6). Now after the device has formed the first percolation 
path,  the post breakdown current will be almost same for both devices, because 
percolation current is area independent. In post-breakdown condition, the devices will 
reach different point for constant current stress. After breakdown, the voltage required to 
produce the same current is larger (smaller change) for the larger device as compared to 
the small device (VB1 > VB2).  Whereas, the total current in the large device is much 
higher than in the small device, so the power dissipated in the oxide is still greater in the 
large device (as it is a semilog plotting of VG vs. IG). The large device is therefore much 
more likely to have hard breakdown events.   

 
Figure 6: The voltage change for a smaller device is more pronounced, but because of its much 

lower operating current, hard breakdown is less likely to occur. 
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Such analysis indicates that as area is reduced the possibility of HBD will decrease (for 
constant current stress). This is shown in Fig. 7, for a constant current stress condition. 
The distribution of post breakdown voltage is coming from the distribution of {G0}, 
shown in Fig. 3. 

 
Figure 7: Post breakdown voltage vs. device area showing hard breakdown (below line) and soft 

breakdown (above line). As area reduced, SBD becoming more dominant. 
 
Similarly for the case of a constant voltage stress, both devices will reach the same final 
point (B in Fig. 8); hence the probability of soft and hard breakdown will not have a area 
dependence and post breakdown current will be distributed uniformly over a line (Fig. 9) 
at different area, again depending on the distribution of {G0}. 
 

 
Figure 8: The current change is similar for both devices having different area and operated at constant 

voltage stress. 
 

 
Figure 9: Post breakdown current vs. device area showing both breakdown hard and soft are equally likely 

at different area. 
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24.5.2 Voltage dependence, same area 
 
The voltage dependence on hard/soft breakdown, as opposed to area, is very pronounced.  
As is seen in figure 7, when a device has a higher operating voltage, the current jump 
after breakdown is very high (log scale for current again).  Because the current is much 
greater for a higher operating voltage, the power in the oxide is much greater.  This leads 
to the strong voltage dependence for hard/soft breakdown. 

 
Figure 10: A change in voltage results in a very large change in post break down current (a).  

This leads to a very strong hard/soft breakdown – voltage dependence (b) 
 
The threshold at which SBD becomes more likely is 1.5V, provided the full distribution 
of {G0} considered. 
 
24.6 Conclusion 
 
Today we have discussed the severity of oxide breakdown (Soft vs. Hard) as a function of 
the operating conditions. We find that the probability of HBD reduces rapidly as the 
operating voltage is reduced. For VDD~1, the probability of HBD is essentially zero, 
therefore the IC will be able to operate longer than commonly believed. We will discuss 
the improvement in overall TDDB lifetime with SBD in the next class.  
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