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Abstract

The random dopant fluctuation (RDF) effects of tunneling field-effect transistors (TFETSs) have been observed by using
atomistic 3-D device simulation. Due to extremely low body doping concentration, the RDF effects of TFETs have not
been seriously investigated. However, in this paper, it has been found that the randomly generated and distributed source
dopants increase the variation of threshold voltage (Vi), drain induced current enhancement (DICE) and subthreshold slope
(SS) of TFETSs. Also, some ways of relieving the RDF effects of TFETSs have been presented.

Keywords : Random dopant fluctuation (RDF), drain induced current enhancement (DICE), subthreshold slope (SS),
threshold voltage (Vth), tunneling field-effect transistors (TFETS).
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Table 1.

AlZefo|Mofl ALE2E AlZ2o|M ulzfolH
Simulation parameters used in simulation.

Device structure Double-gate fin structure

Gate length 22 nm
Gate oxide thickness 1 nm (SiO2)
Fin width 20 nm
Fin height 20 nm

Peak nominal source % 3
i i 10%cm “(p-type)
doping concentration

Nominal body doping 10%cm *(p-type)

Peak nominal drain % 3
. . 10%cm “(n-type)
doping concentration

Source/drain dopi
codrain coping 2 nv/dec
gradient from gate
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Fig. 1. Varation of Vi, DICE and SS in the case of

source, body and drain only RDF in simulated
TFETs. Inset figure shows the location of
dopants in 22nm TFET with double-gate fin
structure.
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Fig. 2. The transfer curve of (@) low and (b) high Vos
case when only source dopants are randomly
generated and distributed.
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Fig. 3. (a) Number of source dopants in low and high
Vin case with respect to source dopant location.
Location refers to the source-side gate edge.
The inset represents the energy band diagram
of both low and high Vi case at low Vps. (b)
Minimum Wy, of both low and high Vi case
with  respect to nominal Ns. The inset
represents the Ggrer with respect to Wn.
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