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Evaluation of Correlation between BTI-Induced Degradation
and Process Variation on Ring Oscillator
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Dept. of Design Engineering, Graduate School of Science and Technology, Kyoto Institute of Technology

Abstract We evaluate the correlation between BTT-induced degradations and process variations by
measuring the frequencies of ring oscillators (ROs) on our test chips in a 65nm bulk process. Impacts of
BTI-induced degradations and process variations become significant issues on the highly scaled process. The
prediction model for those reliability issues is indispensable. In this study, we predict the circuit performance
degradations by measuring the initial frequencies and their degradations. We found that the effects of
BTI-induced degradations on the ROs of the slow condition are smaller than that of the fast and typical
conditions.
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O 100000000000000 a, Vgg =2.0V,
T = 80°C.

# | Fast | Typ. | Slow
0 | 0.795 | 0.849 | 0.682
1 10.976 | 1.009 | 0.992
2 | 1.033 | 1.039 | 1.016
3 10.935 | 0.839 | 0.792
4 0.812 | 0.734 | 0.814
5 10.820 | 0.731 | 0.824
6 | 0.953 | 0.826 | 0.904
7 | 1.117 | 0.898 | 0.834
8 | 0.896 | 0.841 | 0.843
9 | 0.820 | 0.787 | 0.806
10 | 0.810 | 0.781 | 0.808
11 | 0.829 | 0.780 | 0.728
12 | 0.598 | 0.525 | 0.499
13 | 0.606 | 0.561 | 0.570
14 | 0.577 | 0.596 | 0.532
15 | 0.513 | 0.508 | 0.502
16 | 0.436 | 0.487 | 0.393
17 | 0.454 | 0.444 | 0.435

| av. | 0.777 [ 0.735 | 0.721
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02.00000000000000 a,Vgq =18V,
T = 25°C.

# | Fast | Typ. | Slow
0 | 1.580 | 1.536 | 1.520
1 | 1505 | 1.453 | 1.497
2 | 1.658 | 1.582 | 1.446
3 | 1.261 | 1.408 | 1.348
4 | 1.340 | 1.204 | 1.313
5 | 1.378 | 1.231 | 1.275
6 | 1.428 | 1.434 | 1.481
7 | 1.474 | 1.549 | 1.425
8 | 1.473 | 1.448 | 1.557
9 | 1.261 ] 1.349 | 1.299
10 | 1.344 | 1.362 | 1.272
11 | 1.282 | 1.408 | 1.343
12 | 0.837 | 0.995 | 0.948
13 | 0.886 | 0.865 | 0.896
14 | 0.900 | 0.932 | 0.816
15 | 0.895 | 0.852 | 0.789
16 | 0.934 | 0.738 | 0.879
17 | 0.734 | 0.781 | 0.778
|av. | 1.232 | 1.234 | 1.216
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