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Abstract: Two-dimensional atomic-threshold-switching field-effect-transistors (2D ATS-FETs) offer great promise
for low-power applications in logic computing, selectors, and neuromorphic systems in the post-Moore era, thanks to their
ultra-low off-state current, extremely small subthreshold swing, ultra-low operating voltage, compact device structure, and
compatibility with mainstream complementary metal-oxide-semiconductor (CMOS) process. A 2D ATS-FET can be regard-
ed as a series connection of an atomic threshold switching (TS) device and a baseline 2D FET. In this study, we first devel-
oped a current-voltage (I-V) model for the TS device based on conductive filament (CF) evolution dynamics and tunneling
mechanisms. Then, we propose a current-voltage model for the baseline 2D FET based on drift-diffusion transport mecha-
nisms. Finally, by leveraging the fact that the conduction current of the two series-connected devices must be equal, we im-
plemente a standard simulation program with integrated circuit emphasis (SPICE) model compatible with mainstream com-

mercial circuit simulators using the Verilog-A language. The calculated results from the analytical model show good agree-
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ment with experimental data, validating the correctness of the proposed theoretical model. Furthermore, we systematically

investigated the electrical characteristics and working mechanisms of 2D ATS-FETs based on this analytical model. This an-

alytical model provides a reliable theoretical foundation and an effective research tool for the study of device mechanisms,

performance optimization, and circuit design of 2D ATS-FETs.
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