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INTRODUCTION

Tunnel field effect transistors (TFETs) have
attracted a lot of attention as promising candidates
for low power transistors [1, 2]. It is recently shown
that 2D material TFETs such as transition metal
dichalcogenide (TMD) based TFETSs can provide a
high ON-current while keeping the subthreshold
swing (SS) less than conventional Boltzmann limit
of 60 mV/dec at room temperature [3]. These high
ON-current values in 2D TFETs are due to the tight
gate control which translates into a high electric
field at the tunnel junction. Despite the fact that a
high chemical doping of the source contact is
crucial for having a high performance TFET [3],
this doping method has several drawbacks such as
introducing the defect states in the bandgap which
can degrade device OFF-state performance [4].
Electrical doping on the other hand, avoiding these
problems, is currently the predominant method in
the realization of 2D TFETs. It is critical for device
designers to understand how different parameters
affect the performance of electrically doped
junctions. Equivalent oxide thickness (EOT) has
been generally accepted as the key performance
factor in these devices. However, in this work, it is
shown through atomistic simulations that in
electrically gated junctions the thickness of the
oxide rather than EOT plays the main role. Two
small band gap 2D materials Bilayer graphene
(BLG) and monolayer WTe; are studied for high
ON-current TFET application.

MODEL

Two different tight-binding (TB) models are
employed here; WTe, Hamiltonian is represented
by a sp’d® 2nd nearest neighbor with spin-orbit
coupling while BLG Hamiltonian considers only p,
orbital. The atomistic quantum transport
simulations use a self-consistent Poisson-NEGF
method. The structures of electrically doped WTe,
and BLG TFETs are shown in Figs. 1 and 2,
respectively. The total thickness of the device is
shown as Ty in Fig. 1. All of the transport
simulations have been performed with our
simulation tool NEMOS [5, 6].
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RESULTS

Contradictory to the chemically doped devices
where electric field (E) at the tunnel junction
depends on EOT [7], in electrically doped BLG and
WTe, TFETs, electric field depends on the oxide
thickness as shown in Figs. 3 and 4.
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Here V; and V; are the potential levels at two sides
of the tunnel junction. This finding shows that the
new analytic model for electrically doped devices
[8] can be applied to small band gap materials too.

Figures 5 and 6 show that the impact of oxide
thickness is much larger on the transfer
characteristics of the electrically doped TFETs
compared to the impact of their dielectric constant.

CONCLUSION

In summary, atomistic transport simulations
unveil that in the novel class of electrically doped
TFETs (even those made of small band gap
materials) the key parameter for transistor
performance is oxide thickness instead of EOT.
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Fig. 1. Physical structure of an electrically doped WTe2 TFET
with the oxide lengths of 13nm.

Fig. 2. Physical structure of an electrically doped BLG pn
junction with the oxide lengths of 20nm.
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Fig. 3. Conduction band profiles of WTe2 TFET with different
oxide thicknesses while EOT is fixed. Analytic results are
obtained following the new scaling theory [8].

Fig. 4. Conduction band profiles of BLG pn junction with
different oxide thicknesses while EOT is fixed. Analytic results
are obtained following the new scaling theory [8].
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Fig. 5. Transfer characteristics of WTe2 TFET with different
oxide thickness (€=20).

Fig. 6. Transfer characteristics of WTe2 TFET with different
oxide dielectric constants. (Tt,; = 4.4nm).




