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Abstract

We present a surface potential based analytical model for double gate tunnel field effect transistor
(DGTFET) for the current, terminal charges, and terminal capacitances. The model accounts for the
effect of the mobile charge in the channel and captures the device physics in depletion as well as in
the strong inversion regime. The narrowing of the tunnel barrier in the presence of mobile charges in
the channel is incorporated via modeling of the inverse decay length, which is constant under channel
depletion condition and bias dependent under inversion condition. To capture the ambipolar current
behavior in the model, tunneling at the drain junction is also included. The proposed model is validated

against TCAD simulation data and it shows close match with the simulation data.
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1. Introduction

Tunnel field effect transistor (TFET) is consid-
ered to be a promising device to overcome the
shortcoming of conventional MOSFET on account
of its exceptional leakage power performance [1].
The growing interest of the device community
in low power applications has lead to an exten-
sive amount of experimental and simulation work
on TFETs [2, 3, 4]. Currently, the major draw-
back of TFETSs from an application point of view
is 1) low ON current (Ion), ii) higher ambipo-
lar current, and iii) complex fabrication steps
compared to the conventional MOSFET. How-
ever, with time, different techniques have been
reported to improve the TFET device character-
istics [5, 6, 7, 8, 9, 10, 11]. To facilitate the use
of TFETS in circuit design, an accurate analyt-
ical/compact model for TFET is needed, which
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is also computationally efficient. While there
have been significant efforts to develop an ana-
lytical /compact model for TFETS, there is still
considerable scope for improvement.

A good TFET model should capture the device
electrostatics accurately, and predict the ambipo-
lar drain current along with the terminal charges
and capacitances accurately in both the depletion
as well as inversion regime, while being computa-
tionally efficient for circuit simulations.

Earlier models based on 1-D Poisson equation
do not accurately capture the electric field distri-
bution in short channel devices [12]. Pseudo 2-
D method based TFET models capture the elec-
trostatics correctly, but some of them are valid
either only for depletion conditions [13, 14, 15,
16, 17, 18], while some do not model the am-
bipolar current [13, 14, 15, 19] and some do
not model the terminal charges and capacitances
[15, 16, 17, 18, 19, 20]. Additionally, there are
some empirical drain current and capacitance
model for TFETs as well [21, 22, 23], however
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