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Abstract
The influence of fin- and gate-line-edge roughness (LER) on

multiple-gate (MG) tunnel field-effect transistors (TFETSs)
has been investigated compared with metal-oxide-semicon-
ductor FETs (MOSFETs) by using full three-dimensional
simulation. Two interesting results have been observed. First,
MG TFETs show ignorable gate-LER unlike MG MOSFETs,
which means that only fin-LER can be considered when eval-
uating the total LER of MG TFETs. Second, TFETs show ~3x
more LER improvement than MOSFETs when their struc-
tures are changed from double-gate (DG) to triple-gate (TG)
types. Our findings provide useful design guidelines of vari-
ation-tolerant TFETs.
1. Introduction

A tunnel field-effect transistor (TFET) has been regarded
as one of the most promising abrupt switching electron de-
vices thanks to good complementary metal-oxide-semicon-
ductor (CMOS) process compatibility [1]. On the other hand,
it means that a TFET may suffer from the same performance
variation sources as a MOSFET [2]. This manuscript contrib-
utes to the line-edge roughness (LER) [2,3,4,5] of fin-type
multiple-gate (MG) TFETs including double-gate (DG) and
tri-gate (TG) structures. It was previously reported that fin-
LER was a dominant variation source of DG TFETs based on
two-dimensional simulation [6]. Unlike the previous work,
this manuscript focuses on the following two issues. First, the
influence of gate- and fin-LER on MG TFETs will be com-
pared comprehensively by using full three-dimensional de-
vice simulation. Second, the advantages of TG TFETs over
DG ones will be confirmed in terms of gate- and fin-LER.

Fig. 1 shows the schematics of the simulated devices. Only
n-channel MOSFETs and TFETs will be discussed for sim-
plicity. Three-dimensional device simulation has been per-
formed by using commercial simulators [7]. Simulated pa-
rameters are listed in Table 1. 200 device structures of MG
TFETs and MOSFETSs have been generated, respectively.
2. Simulation results and discussion

Fig. 2 shows the simulated transfer curves of MG
MOSFETs and TFETs under the influence of fin- and gate-
LER. Fig. 3 summarizes the 6V, and 6SS values of each case.
From Figs. 2 and 3, two noteworthy things have been ob-
served. First, gate-LER is less significant in the case of MG
TFETs than in the case of MG MOSFETs. It is because the
electrical characteristics of TFETSs are determined around the
narrow source-to-channel tunnel junction region rather than
the entire channel. Thus, the total LER of MG TFETS can be
evaluated only by considering fin-LER. In order to confirm
the idea, the potential distributions of the highest and lowest
Vi cases under the influence of fin- and gate-LER are shown
in Fig. 4. The potential distributions of nominal devices are

also shown for comparison. Figs. 4a and ¢ show that fin-LER
affects both MG TFETs and MOSFETs significantly. In the
case of the former, considerable tunneling barrier width fluc-
tuation occurs due to fin-LER. Also, in the case of the latter,
source-to-channel energy barrier height fluctuates as a func-
tion of fin-LER. On the contrary, Figs. 4b and d show that
gate-LER affects MG MOSFETs more than MG TFETs. In
the case of the latter, the lateral electric field penetration from
the drain is fluctuated by gate-LER, which leads to the
source-to-channel energy barrier height comparable with fin-
LER. However, in case of the former, the tunneling barrier
width fluctuation is ignorable because the potential near the
source-to-channel junction is rarely varied by gate-LER.
Second, MG TFETs show ~3x more LER reduction in

terms of 6V, and 6SS than MG MOSFETSs when device struc-
tures are changed from DG into TG. It is originated from their
structure differences. MOSFETs have two n-p source-to-
channel and drain-to-channel junctions. From the fin surface
toward fin bulk, the gate controllability weakens. Thus, both
source and drain potentials easily penetrate into the fin bulk.
In the sub-threshold regime, MOSFETs have higher channel
potential at the fin bulk than at the fin surface. It means that
the sub-threshold characteristics of MG MOSFETs including
Vi and SS are determined at the fin bulk rather than at the fin
surface. It is because the fin bulk whose channel potential is
higher than the fin surface provides sub-threshold current
path.
3. Summary
The influence of fin- and gate-LER on MG TFETs has been
discussed in comparison with MG MOSFETs. Two interest-
ing facts have been revealed based on their operation princi-
ple differences. First, the total LER of MG TFETsS can be es-
timated only by fin-LER because they have much weaker
gate-LER than fin-LER. Second, in order to suppress total
LER, the transition from DG to TG structures is more desir-
able for TFETSs than for MOSFETs. This work will contrib-
ute to the design of variation-tolerant TFETs.
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Fig. 2. Transfer curves of 200 generated MG TFETs and MOSFETs.
Red lines correspond to the transfer curves of nominal devices.
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Fig. 3. 6V due to (a) fin-LER and (b) gate-LER. ¢SS due to (c) fin-  shown in Fig. 1. Dashed red lines represent the highest and lowest
LER and (d) gate-LER. Vin cases and black solid lines represent the nominal case.
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