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Abstract: Aggressive device scaling has severely degraded the switching characteristics of CMOS transistors. This issue has
led to the development of tunneling FETs (TFETs) as an alternative. TFETs, with their asymmetric doping of the source and
drain regions, offer improved subthreshold swing (SS) compared to conventional MOSFETs. However, despite this advantage,
TFETs still suffer from ambipolar current, which increases off-state current (Jorr). This paper introduces an approach to applying
hetero gate dielectrics (HGDs) in nanosheet (NS) TFETs to reduce ambipolar current characteristics. The magnitude of the drain
electric field is reduced by selectively forming a high-£ dielectric near the source region This configuration allows the TFETs to

avoid unintended band-to-band tunneling (BTBT) and suppress ambipolar current during the off-state.
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Fig. 1. (a) Schematic of an NS FETs for calibration. (b) Z-direction section view of the NS FETs. (c) Ip- VG characteristic of NS FETs, calibrated

with respect to the fabricated device [13].
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Table 1. Device geometry and material parameters for NS FET
simulations.

Parameters Values
Number of nanosheets, Nns 3

Gate length, Lc 12 nm

Channel thickness, Tcu 5 nm
Channel width, Wcu 45 nm

Inner spacer thickness, 7spAcer 3 nm
Interlayer dielectric thickness, 7L 0.5 nm
High-k dielectric thickness, Tux 1.3 nm

S / D doping concentration, Nsp Arsenic, 1 x 10 cm?

Substrate doping concentration, Nsus Boron, 1 x 10'8 cm™

Channel doping concentration, Ncu Boron, 1 x 10'7 ¢cm??

Table 2. Doping concentrations of a simulated NS TFET [14].

Parameters Values

Source doping concentration, Ns Boron, 1 x 10?° ¢cm™

Drain doping concentration, Np Arsenic, 5 x 10'8 cm?

Substrate doping concentration, Nsus Boron, 1 x 10'7 ¢cm??

Channel doping concentration, Ncu Boron, 1 x 10'7 ¢cm™
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Fig. 2. (a) Simulated conventional device structure of a NS TFET without HGDs, (b) extracted Ip- VG characteristic normalized by the perimeter
of three nanosheets with a Wcu of 45 nm and a Tcu of 5 nm, and (c)-(d) energy band diagrams of NS TFETSs in the on-state and off-state,

respectively.
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Fig. 3. (a) Proposed NS TFETs structure with the HGDs and (b) extracted Ip-V characteristic of NS TFETs and HGDs NS TFETs, respectively.

The Ip was normalized by the perimeter of three nanosheets with a Wcn of 45 nm and a Tcu of 5 nm.
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Fig. 4. (a) Simulated lateral electric-field in HGDs NS TFETs during the off-sate (Vo=- 1.5 V and Vb= 0.7 V) and (b) extracted BTBT rate

for NS TFETs and proposed HGDs NS TFETs, respectively.
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