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Ferroelectric non-volatile memory has been extensively investigated due to the promising 

properties such as low-voltage and low-power consumption. In order to analytically understand 

the electrical characteristics of Si-based ferroelectric field-effect transistor (FeFET), 

mathematical models have been suggested by Miller et al. [1]. Meanwhile, two-dimensional 

(2D) transition metal dichalcogenides (TMDCs) have emerged as a promising channel material 

in ultra-scaled FET due to the atomically thin nature. Accordingly, there have been several 

experimental demonstrations of FeFET with 2D channel material (2D FeFET), but little 

development of analytical models to describe the behavior of 2D FeFET.  

Here, we present analytical models of 2D FeFET which are developed by modifying Miller’s 

FeFET model using the Poisson equation [2,3] rather than using the Brews charge sheet model 

[1]. In order to obtain the channel charge in 2D TMDCs, Ward-Dutton charge partitioning 

method adopted by Jiang et al [2] is used. To explain FeFET behavior more precisely, the 

mathematical model to describe the non-saturated hysteresis loop of ferroelectrics is adopted 

[4]. We consider Metal-Ferroelectric-Insulator-Semiconductor (MFIS) structure for 2D FeFET 

which could be constructed using CuInP2S6 (CIPS), h-BN and WSe2 as 2D ferroelectric, 2D 

insulator and 2D channel materials, respectively. Models for 2D FET without ferroelectrics are 

also presented to be compared with 2D FeFET and clarify how 2D FeFET works. 

We study the dependency of memory window in 2D FeFET on the ferroelectric properties 

(remnant polarization Pr and coercive field Ec), thickness and dielectric constant of ferroelectric 

and insulator. Consequently, our work aims to present the optimized 2D FeFET structure that 

can maximize the memory window. 
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Fig1. Schematic device structure and a modeling flow of 2D FeFET with modeling equations. 
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Fig2. Simulated transfer characteristics for 2D FET with gate stack of WSe2/h-BN (a), FeFET with gate stack of WSe2/h-BN/CIPS (b). 
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P-E hysteresis loop analytical model for a MFM structure:  
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Modified Gate Bias: 
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