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Fig. 3. The (a) experimental and simulated dc I-V EDMR spectra for a high-field stressed 
Si/SiO2 nMOSFET device and the (b) comparisons of the dc I-V EDMR amplitudes and 
interface trap densities for varying stress times at -9 V of gate bias.

Fig. 2.  Schematic of an X-band EDMR spectrometer.
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Additional insight is provided by the integrated NZFMR traces in Fig. 3. The NZFMR 
line shape is primarily determined by two factors: trapping center kinetics and electron-
nuclear hyperfine interactions [9]. Since the trapping kinetics are determined by bias 
conditions which are matched in all cases, the differences must almost certainly be due 
to changes in the interactions between nearby magnetic nuclei. Oxygen nuclei are non-
magnetic. Although 4.7% of silicon nuclei are magnetic, it is extremely unlikely that 
these atoms move significantly at room temperature. Hydrogen atoms have 100% 
abundant nuclear moments. The redistribution of hydrogen nuclei and hydrogen atoms 
is the only plausible explanation for the changes in the NZFMR traces. This data 
indicates directly that a redistribution of hydrogen atoms takes place in the early stages 
of TDDB.
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Fig. 5. Normalized comparisons of the 
integrated SDR NZFMR response for devices 
stressed at -9 V for: 30 seconds,5 minutes, 
and 30 minutes.  The small changes in the 
central response are due to changes in the 
hyperfine interactions near the interface, 
indicating a redistribution of hydrogen 
throughout the stressing process. 
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