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Fig. 1 Schematic illustration of the carrier separation 

technique. Under negative gate voltage, IS/D originated 

from either hole tunneling or impact ionization can be 

distinguished unambiguously through the direction of the 

current flow.  

Fig. 2 Gate voltage versus time under 

constant current stress. A sudden 

change in gate voltage defines oxide 

breakdown. 

Fig. 3 Terminal current versus gate voltage 

monitored at two time points labeled 

Meas.#1 & #2 in Fig. 2. Devices measured 

between +/- 3.5V gate voltage receive no 

further damages.  

Fig. 5 Band diagrams for p
+
 poly/pMOSFET structure (a) in inversion; (b) around flat band 

voltage; and (c) in accumulation. While in inversion or –VG, the increment of gate current is 

originated mainly from the source/drain current component, indicating that an even deeper 

trap level (or band) exists for the enhancement of the hole tunneling. At around flat band 

voltage, electrons tunnel from the filled interface states to the empty ones on the opposite 

side [5]. In the mean time, hole density on the p
+
 poly varies dramatically from VG<VFB to 

VG>VFB; but no matter which, the injected holes into n-well as minority carriers contribute to 

no separable component. Finally, conduction band electron tunneling dominates the gate 

current at large positive VG and the tunneled holes can only be effectively collected near the

Fig. 4 Increment percentage of the gate and 

source/drain currents after stress. For –VG, it is 

clear that the increment of gate current is 

originated mainly from its hole tunneling 

component (=S/D current increment). 
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Fig. 6 The evolution of the relative hole trap density 

percentage in terms of ∆IS/D/IS/D for a series of 

constant stress current values. The increment 

percentage reaches a certain value of around 300%, 

suggesting a critical hole trap density to trigger 

catastrophic breakdown. 

Fig. 7 Scatter plot between the relative hole 

trap density percentage and the relative 

interface state density percentage. 

Significant correlation exists between the 

two. 

Fig. 8 Lifetime extrapolation according to 

time-to-breakdown (tBD) and 100% change 

of IS/D. Both show a similar prediction but 

the latter is more conservative.
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