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A Model for Reproducing the Increase in Ring-Oscillator Frequency
Dispersion Under Long-term BTI Aging

Tomoharu KISHITA", Ryo KISHIDA ", and Kazutoshi KOBAYASHI'

T Kyoto Institute of Technology
11 Toyama Prefectural University

Abstract Bias Temperature Instability (BTI) degradation of ring oscillators (ROs) in a 65 nm FDSOI process was measured
using a long-term measurement system. They were measured at a temperature of 125°C and a standard supply voltage of 1.2
V over a period of 300 days. The experimental results showed that the average BTI degradation of the 840 ROs followed a
power law throughout the entire duration, consistent with previous studies. However, the distribution of the 840 ROs exhibited
an expansion in variance from an initial Gaussian distribution, accompanied by an increase in the time-dependent variation
of individual ROs. This expansion in variance is attributed to the increased variation within individual ROs, likely caused by
random telegraph noise (RTN). Monte Carlo simulations were performed using a hole-trapping model incorporating both BTI
and RTN. By assuming biased trap clusters, MOSFET threshold voltage shift impacts proportional to trap time constants, and
initial degradation, the simulation successfully reproduced the experimental measurement results of expansion in variance.
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