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Expansion of Thin-Film Transistors’ Threshold Voltage Shift Model
using Fractional Calculus
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ABSTRACT

The threshold voltage shift in thin-film transistors (TFTs) is modeled using stretched-exponential (SE) and

stretched-hyperbola (SH) functions. These models are derived by introducing empirical parameters into reaction rate

equations that describe defect generation or charge trapping caused by hydrogen diffusion in the dielectric or

interface. Separately, the dielectric relaxation phenomena are also described by the same reaction rate equations based

on defect diffusion. Dielectric relaxation was initially modeled using the SE model, and various models have been

proposed using fractional calculus. In this study, the characteristics of the threshold voltage shift and the dielectric

relaxation phenomena are compared and analyzed to explore the applicability of analytical models used in the field of

dielectric relaxation, in addition to the conventional SE and SH models.
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Fig. 1. (a) Comparisons of SE and SH models with different
B. (b) Comparisons of SH models with different a.
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Fig. 3. Simulated transient waveforms of the OLED current
of the pixel circuit[3]. OLED is on for 200 psec
with the extensive Vi shift to visualize the change in
the current when the shift is enabled.
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