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The single particle model has been developed for the tunneling between two monolayer two-dimensional
(2D) semiconductors [1]. Based on this model, a novel Two-dimensional Heterojunction Interlayer Tunneling
Field Effect Transistor (Thin-TFET) (see Fig.1a) is proposed to achieve very steep subthreshold swing [1].
However, the initial study ignored the lateral transport in the top and bottom 2D layers. In this work, we
study the effect of the lateral transport on the on-current area density and the sub-threshold swing (SS) of
the Thin-TFET.

The current flow in the Thin-TFET is illustrated in Fig.1b. Current continuity equations in both the

top and bottom layers are written as Eq.1a and Eq.1b, where J
T (B)
Drift(Diff.)(x) is the drift (diffusion) current

density in the top (bottom) layer at the point x, JT (x) is the vertical tunnel current at the point x. To
achieve a good electrostatic control, we designed the Thin-TFET such as the top layer semiconductor is non-
degenerate n-type while the bottom layer is degenerate p-type [1]. Thus, the sum of the drift and diffusion
currents in both top and bottom 2D layers are shown in Eq.2a and Eq.2b [2], where n2D

T (x) and p2DB (x) are
the 2D electron concentration in the top layer and 2D hole concentration in the bottom layer at the point
x, EFT (B) is the electron (hole) quasi-Fermi level in the top (bottom) layer. μT (B) is the electron (hole)
mobility in the top (bottom) 2D layer, DB and E are the hole diffusivity and lateral electrical field in the
bottom 2D layer respectively. To further simplify the equation, we introduction the Fermi potential in the
top (bottom) layer: VFT (B) = −EFT (B)/e, where e is the electron charge. Therefore, the potential in the
bottom layer can be expressed as VB = VFB − φB , where φB = (EFB − EV B)/e. EV B is the valence band
edge of the bottom 2D layer. Considering E = −VB/e and combining Eq.1a-b and Eq.2a-b, we get two
differential equations Eq.3a and Eq.3b, with the corresponding boundary conditions listed in Eq.4a-d.

In Eq.3a-b, n2D
T (x), p2DB (x), φB(x), and JT (x) are determined by the local top gate voltage VTG,L(x)=

VTG - VFB(x), local back gate voltage VBG,L(x) =VBG -VFB(x) and local Fermi potential difference VTB,L(x)
=VFT (x)-VFB(x) through the model explained in [1], where VT (B)G are the applied top (back) gate voltage.
JT (x), n

2D
T (x), p2DB (x), and φB(x) are solved self-consistently with the differential equations Eq.3a-b using

the Newton’s method with Hessian modification along with the backtracking line search [3]. The absolute
error of ∂2VFT (B)(x)/∂x

2 is converged to be less than 0.00375 V/nm2.
The material system and modeling parameters are listed in Fig.1c. The top oxide and back oxide have

the effective oxide thickness of 1 nm. The interlayer thickness is 0.6 nm. The lead resistors RLT and RLB are
ignored. Figure 2a shows the JD-VTG and JD-VDS curves without considering the lateral transport. The
average SS is extract in the JT range from 10−4 to 10−1 μA/μm2 (10−6 to 10−3 A/m in Fig.2b). The Fermi
potential distribution in the top 2D layers (VFT ) with different gate lengths as shown in Fig.2b. The VFT

increases along x-direction due to the lateral transport effects and reaches the drain voltage (0.3 V) at the
drain end. Since the top layer is non-dengenrate while the bottom layer is degenerate, most of the potential
drop in the top layer. As expected, the insert figure of Fig.2b shows the change of VFB is much smaller
than change of VFT . Although the lateral transport affects the Fermi potential in the top and bottom 2D
layers, the on-current area density and the subthreshold slope remain intact according to Fig.2c. Below is
the explanation: the drain current is the sum of JT (x), JT (x) is determined by VTG,L(x), VBG,L(x), and
VDS,L(x). Along x-direciton, only VDS,L(x) is changing significantly from 0.3 V to ∼0.2 V. According to the
JD-VDS curve in Fig.2a, JT (x) remain almost the same when VDS ranging from 0.2 V to 0.3 V. Thus the
total current area density remain almost the same even with the lateral transport effect.

To summarize, we develop the lateral transport model for the proposed Thin-TFET. It shows that when
the top layer and bottom layer 2D materials has the mobility of 100 cm2/V s and the diffusivity of 5 cm2/s,
the lateral transport will not deteriorate either the on-current or the sub-threshold slope of the Thin-TFET.
Further studies are required to find out the minimum requirements of mobility and diffusivity in the top and
bottom 2D layer, as well as investigate the effect of the lead region resistances.
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−∂
[
JT
Drift(x) + JT

Diff.(x)
]
/∂x− JT (x) = 0 (1a) −∂

[
JB
Drift(x) + JB

Diff.(x)
]
/∂x+ JT (x) = 0 (1b)

JT
Drift(x) + JT

Diff.(x) = μTn
2D
T (x)∂EFT /∂x (2a)

JB
Drift(x) + JB

Diff.(x) = μBp
2D
B (x)E − eDB∂p

2D
B (x)/∂x (2b)

∂2VFT (x)/∂x
2 = JT (x)/en

2D
T (x)μT (3a)

∂2 [VFB(x)− φB(x)]/∂x
2 +

[
DB/p

2D
B (x)μB

]
∂2p2DB (x)∂x2 = −JT (x)/ep3DB (x)μB (3b)

VFT (L) = VDS (4a) VFB(0) = 0 (4b)

JT
Drift(0) + JT

Diff.(0) = 0 (4c) JB
Drift(L) + JB

Diff.(L) = 0 (4d)

Figure 1: (a) Schematic structure of the Thin-TFET; (b) the sketch of the current flow in the Thin-TFET, define the lateral
direction of the Thin-TFET as x-direction; (c) the material system and the modeling parameters.

Figure 2: (a) The JD-VTG curve at VDS = 0.3 V and JD-VDS curve without lateral transport; (b) the top 2D layer Fermi
potential at different positions along x-direction with different gate lengths, the insert figure show the bottom 2D layer Fermi
potential at different position along x-direction with gate length of 35 nm; (c) the ID-VTG curves with different gate lengths
with lateral transport, the insert figure shows the JD versus gate length at VTG = 0.3 V with and without lateral transport.
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