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Abstract

The drain bias effects on statistical variability character-
istics for double-gate (DG) tunnel field-effect transistors
(TFETSs) are discussed in comparison with MOSFETs. The
unique variability depending on drain bias is analyzed by us-
ing full three-dimensional simulation which is performed
with dominant statistical variation sources such as line-edge
roughness (LER), random dopant-fluctuation (RDF) and
work-function variation (WFV).

1. Introduction

A tunneling field-effect transistors (TFET) has attracted
much attention thanks to less than SS of 60 m)/decade at
room temperature as well as good CMOS process compatibil-
ity [1]. However, CMOS fabrication processing indispensa-
bly compelled to induce the imperfect matching-characteris-
tics along the devices, so-called statistical variability (SV).
And it has become one of the major concerns to device scal-
ing and integration beyond the 45-nm technology node, since
SV reaches more than 50% of the total variability from this
process [2, 3]. From this point of view, the impact of drain
bias for TFETSs in terms of SV is essential for commercializa-
tion of LSTP IC-applications. To the best of our knowledge,
only few studies for drain bias dependency of TFETSs such as
DIBT (drain induced barrier thinning) which is another im-
portant figure of merit for device performance has been re-
ported and even its SV characteristics has not been proceed
yet [4]. In this letter, the impact of the drain-bias on nano-
scaled TFET (i.e. 24 nm) Vi, DIBT and sub-threshold swing
(SS) variability is precisely studied by commercial full-3D
simulation, taking into account all relevant principal SV
sources: line-edge roughness (LER), random dopant fluctua-
tion (RDF) and work-function variation (WFV) [5].
2. Simulation results and discussion

In our simulation, only n-channel double-gate (DG)
MOSFETs and TFETs were considered for simplicity as
shown in Fig 1. Detailed physical parameters are described in
Table 1. A total of 200 device structures of DG TFETs and
MOSFETs have been generated, respectively. Fig. 2 shows
the simulated transfer curves of DG TFETs and MOSFETs
under the influence of total variation (LER+RDF+WFV) and
their simulation results are presented in Fig. 3, 4 and 5. Fig. 3
and 4 summarizes the simulation results using criteria of Vi
for In = 1 nA/um. Also, Fig. 5 summarizes the simulation re-
sults for DIBT using various Vi, criteria to check the trends in
entire /p regime.

As a result, two noticeable results are confirmed by 3D
simulation. First, TFETs and MOSFETSs show completely op-
posite drain dependency for 6V, and 6SS as shown in Fig. 3.
For all variation sources and total variation, TFETs have mit-
igated oV and oSS as Vps increases, however, MOSFETs
show worsened their electrical parameters (i.e. 6V, and 6SS).
Also TFETs show relatively larger discrepancy between Vps

=0.1 Vand Vps =1 V especially for 6SS. Second, as shown
in Fig. Saand b, as Ip increases, TFETs show sharp increasing
for DIBT and oDIBT unlike MOSFETs which show rela-
tively constant DIBL and cDIBL.

These results come from the drain bias dependency of in-
version layer formation. Unlike MOSFETs which the inver-
sion layer is connected to source side, the case of TFETs is
connected to drain side because inversion charges are origi-
nated from the drain by thermionic emission mechanism.
Thus, drain bias has stronger influence for TFETs than
MOSFETs. For further analysis, gate-to-source capacitances
(Cgs) and gate-to-drain capacitances (Cgp) as a function of
Vbs and Vs are extracted as shown in Fig. 6a, b and c. Viny is
defined as Vgs when the inversion layer is formed and ex-
tracted based on the previous work and the influence of Vpg
for Viny can be confirmed in Fig. 6a. As Vps decreases, Viny
also decreases because the thermionic emission barrier be-
tween channel and drain decreases. Similarly as Vps increases,
Viny increases because inversion charges are pulled back to
drain. And the influence of inversion layer for TFETSs can be
confirmed in Figs. 6b and c. As the inversion layer is formed
earlier, due to the reduced channel resistance, lateral electric
field induced from drain penetrates into the source/channel
junction where tunneling occurs easily. And as Vps increases,
channel charges decrease, thus increased channel resistance
screens lateral electric field penetration into the source/chan-
nel junction. This phenomenon can be confirmed in Fig. 6b
that Cgs saturates as Vps increases. And the inversion layer
formation causes channel potential pinning and weakens the
controllability of gate for source/channel junction. This fact
also can be confirmed in Fig. 6¢ that Cgs decreases signifi-
cantly after Viny. As a result, we can conclude that increase in
channel charges (i.e.: inversion layer formation) makes
TFETSs more vulnerable to SV by two reasons: increased sen-
sitivity for lateral field by Vps and weakened gate controlla-
bility for source/channel junction.

3. Summary

The drain bias dependency on variability characteristics
for TFETs has been studied for the first time. TFETs show
different, strong and complex drain bias dependency on var-
iability characteristics than MOSFETs. As a result, for cir-
cuit application of TFETSs, more careful and different treat-
ments for drain bias than MOSFETs are needed. Our find-
ings could provide useful insight for variation-tolerant de-
sign of TFETs.
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TABLE I. REFERENCE DEVICE PARAMETERS

TFETS |  MOSFETS

Gate length (Lg) 24 nm
Fin width (Wfn) 8 nm
Fin height (Hfin) 12 nm
Source doping 10% cm? 1020 cm
concentration (p-type) (n-type)
Drain doping 20 .3
concentration 107 em® (n-type)
: 16 o3
Channel doplng Intrinsic 10"° cm
concentration (p-type)
Side-gate oxide thick- 0.7 nm
ness (Zox,side)
Source/drain doping 1 nm/dec.
abruptness

Supply voltage (Vbp) 1.0V

Electrostatic
.0.75 Potential (V) 47
m =

Fig. 1. One example of DG TFET showing electrostatic potential
affected by statistical variation sources including LER, RDF and
WEFV.
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Fig. 2. Transfer curves of 200 generated DG TFETs and MOSFETs:
DG TFETs under total variation in (a) Vps=0.1 V and (b) Vps = 1.0
V, DG MOSFETs under (c) total variation in Vps = 0.1 V and (d)
Vbs = 1.0 V. Symbolic lines corresponding to the transfer curves of
nominal devices.
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Fig. 3. LER, RDF, WFV and total variation induced (a) oV, (b) 6SS
for TFETs and (c) oV, (d) 6SS for MOSFETs.
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Fig. 4. LER, RDF, WFV and total variation induced ¢DIBT and
oDIBL using criteria of Vi for Ip = 1.0 nA/um..
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Fig. 5. Variation trends according to /p increasing for (a) DIBT and
DIBL, (b) ¢DIBT and ¢DIBL.

2.0

0.20

Cop [FF/um]
o o

o
n

0.0

— Vpg =01V
a —o— Vpg =04V

—&— Vpg =0TV

2

—A Vg * 0.1V
-8 Vgg =04V
- Vgg =0TV
—— Vs =1V

02

0.00
00 02 04 06 08 10 1.2 0.2 0.0
Gate voltage [V]

0.20

0.2 04 06 08 10 1.2
Drain voltage [V]

0.15
g
éﬂ."ﬂ
o
T3 —A— Vpg =04V
0.05 —8-— Vpg =04V

—3— Vpg =0TV
—— Vps =1V
0.00

0.2 00 02 04 06 08 10 1.2

Gate voltage [V]

Fig. 6. (a) gate-to-drain capacitance (Cap) as a function of Vs, Cop
as a function of (b) Vbs, and (c) Vas.
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