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Modeling of Reversible and Irreversible Threshold Voltage Shift
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Abstract: Threshold voltage shift has been observed from many thin-film transistors (TFTs) and the time evolution

of the shift can be modeled as the stretched-exponential and -hyperbola function. These analytic models are derived

from the kinetic equation for defect-creation or charge-trapping and the equation consists of only reversible

reactions. In reality TFT’s a shift is permanent due to an irreversible reaction and, as a result, it is reasonable to

consider that both reversible and irreversible reactions exist in a TFT. In this paper the case when both reactions

exist in parallel and make a combined threshold voltage shift is modeled and simulated. The results show that a

combined threshold voltage shift observed from a TFT may agrees with the analytic models and, thus, the analytic

models don’t guarantee whether the cause of the shift is defection-creation or charge-trapping.
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Fig. 2. Comparisons between normalized threshold voltages
from the stretched exponential model and combined model.
The combined model consists of reversible and irreversible
models. The peak of the reversible reaction is at 0.68 eV.
The peaks of the irreversible reactions are 0.56 eV (a), 0.64
eV (b), 072 eV (c), and 0.8 eV (d). The ratio of
irreversible to reversible model’s threshold voltages is 0.5.
CODs are 0.998717 (a), 0.999373 (b), 0.999955 (c),
0.999727 (d).
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Fig. 3. Comparisons between normalized threshold voltages
from the stretched hyperbola model and combined model.
The combined model consists of reversible and irreversible
models. The peak of the reversible reaction is at 0.68 eV.
The peaks of the irreversible reactions are 0.56 eV (a), 0.64
eV (b), 072 eV (c), and 0.8 eV (d). The ratio of
irreversible to reversible model’s threshold voltages is 0.5.
CODs are 0.999649 (a), 0.999947 (b), 0.999827 (c), 0.99965
(d).
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Fig. 4. Degrees of agreement between threshold voltages from
the combination of reversible and irreversible models and the
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Table 1. The values of coefficient of determination between the SE and combined models. Grayed values are high

enough to be considered that threshold voltage shift from the combined model follows the SE model.

0.52 0.56 0.6 0.64 0.68 0.72 0.76 0.8 0.84
0.1 10999799  0.999629  0.99952 0.999565 | 0.999706  0.999797  0.999755 @ 0.999566  0.999232
03 0999502  0.999241 0.999172  0.999425 | 0.999758 0.999915  0.999877  0.999631  0.999043
0.5 0998864 0.998717 0.998887 0.999373 | 0.999797 0.999955 0.999925 0.999727 @ 0.999226
0.7 0998111 0.998226  0.998707  0.999376 | 0.999829  0.999955 0.999933  0.999764 @ 0.999343

Table 2. The values of coefficient of determination between the SH and combined models.

Grayed values are high

enough to be considered that threshold voltage shift from the combined model follows the SH model

0.52 0.56 0.6 0.64 0.68 0.72 0.76 0.8 0.84
0.1 0.999919  0.99995 0.999971  0.999996  0.999994  0.999964  0.999963  0.999948  0.99987
0.3  0.999643 | 0.999796 0.99987 0.999973  0.999981  0.999888  0.999849  0.999816  0.999619
0.5 0999303 0.999649 | 0.999809 0.999947  0.999962  0.999827 0.999736 = 0.99965 0.999373
0.7 0.998923  0.999503 | 0.999795 0.999927 0.999945 0.999788 @ 0.999654  0.999499  0.999117
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