PS-1-05

Extended Abstracts of the 2019 International Conference on Solid State Devices and Materials, Nagoya, 2019, pp633-634

Characteristic Variability and Random Telegraph Noise of Gate-All-Around Silicon
Nanowire MOSFETs with Asymmetric Dual Spacer Induced by Single Charge Trap
Sekhar Reddy Kola'?, Yiming Li!->", Narasimhulu Thoti"?, Chieh-Yang Chen'?, and Wen-Li Sung'-*

"Parallel and Scientific Computing Laboratory; 2EECS International Graduate Program, >Institute of Communications Engineering; “Department of
Electrical and Computer Engineering; and Center for mmWave Radar System and Technologies, National Chiao Tung University, 1001 Ta-Hsueh
Rd., Hsinchu 300, Taiwan; *Tel: +886-3-5712121 ext. 52974; Fax: +886-3-5726639; Email: ymli@faculty.nctu.edu.tw

Abstract

We study effects of asymmetric dual spacer (ADS) with vari-
ous spacer materials on characteristic fluctuation of gate-all-
around (GAA) silicon nanowire (NW) metal oxide semiconduc-
tor (MOS) field effect transistor (FETs). Based on experimen-
tally validated device simulation, the results show that the DC
variation is marginal, but the AC variation is significant owing
to influence of low-i spacer on parasitic capacitance. Compared
with the device without spacer, the device with ADS possesses
68.8% off-current decrement and 29.4% on-current increment.
The gate and fringing capacitances of the device with ADS is
much reduced, compared with those with HfO: spacer. We do
further compare the random telegraph noise (RTN) induced by
acceptor-type single charge trap (SCT) for sub-7-nm technolog-
ical nodes. The signal of RTN (Alp/Ip%100%) purely depends on
area, position and density of interface trap (Dit) of the SCT along
the channel interface. The signal of RTN for the trapping and
de-trapping of the device with and without spacer is about 2.3%.
1. Introduction

GAA Si NW MOSFET devices are the ultimate structures in
the fabrication of VLSI chips. Scaled devices will continuously
benefit IC technologies, but it suffers from more severe short-
channel effects (SCE). In the meanwhile, the ultra-small device
face various fluctuations induced by, such as random dopant
fluctuation (RDF), work function fluctuation (WKF), process
variation effects (PVE) and line edge roughness (LER) [1-2]. For
example, GAA Si NW MOSFET devices for sub-5-nm technol-
ogy nodes, have encountered various fluctuation problems [3-6].
Devices with various spacers can improve device performance
and suppress SCE [7-8]; and the superior gate control was inves-
tigated [4-5]. Unfortunately, the RTN induced by SCT for cylin-
drical-shape-channel GAA Si NW MOSFET has not been clearly
investigated yet. In this work, we study DC/AC characteristics
of the explored N-type devices with different spacer materials
including low-k (Si0O), high-k (HfO,), SisN4, and asymmetric
dual spacer (ADS; 50% SiO; + 50% HFO,) [7-8]. The RTN in-
duced by the acceptor-type SCT at the middle of interface of
Si/Si0; is further investigated and discussed.

2. Device Simulation Methodology

The device simulation is performed intensively by solving a
3D quantum-mechanically corrected density-gradient drift-dif-
fusion (DG DD) transport model that has been validated through
the nonequilibrium Green’s function (NEGF) results by tuning
the electron effective mass [6]. To provide the best accuracy of
simulation, not shown here, we also calibrated with our simula-
tion with measured GAA Si NW devices [6], where the band-to-
band tunneling from source to drain is considered [9]. The sim-
ulated device has cylindrical-shape channel with an effective 10-
nm-gate length is considered featuring for sub-5-nm nodes. Figs.
1(a)-(b) show the adopted device with ADS and its cross-sec-
tionals view along the channel is inferred. For the ADS we cover
Si0, and HfO,, as shown in Fig. 1(a), to envelop S/D extension
[7-8]. The device dimensions and the achieved SCE parameters
of the nominal device are listed in Tab. I. The 3D SCT has also
cylindrical type with 2 nm length and 0.6 nm radius in the inter-
face of Si/SiO; [10]. The explored device has the most severe
impact of SCT on RTN, from low to high density of interface
trap (Dy). For all the devices the location of SCT is considered at
middle of the channel.

3. Results and Discussion
As depicted in Fig. 1(c), the 21% improvement of on-state and
35.8% decrement of off-state normalized currents for the device

ADS, compared with the case of low-« spacer are achieved. Figs.
2(a) and (b) show the Ip-V¢ characteristics considering the im-
pact of spacers on the enhancement of on-state current and re-
duction of the off-state current, the extracted values are listed in
Tab. II. The analysis is made having low-k, SizN4, high-k and
ADS spacers at linear and saturation conditions. For the device
with ADS, the normalized on-current increases (about 29.48%
and 27.8% increases) for both the linear and saturation condi-
tions, respectively. Similarly, 30.5% and 68.86% reductions are
observed for the normalized off-current. At high gate bias, the
fringing electric field would penetrate from the S/D extensions
regions owing to heavy dopant; thus, the gate fringe field cannot
change the resistance of S/D extensions. This leads to relatively
higher on-current and lower off-currents for devices with ADS
and high-k spacer. From Fig. 2(c), it is noticed that gate to drain
capacitance increases with the increase of gate voltage. Particu-
larly, for high dielectric spacer large gate to drain capacitance
has been observed.

The amount of gate capacitance is increased heavily with the
high-k spacer due to its high parasitic capacitance. Thus, it af-
fects the fringe capacitance in S/D extensions and the fringe ca-
pacitance increases when the spacer permittivity increases. Very
extensive normalized gate capacitance varying from 32% to 65%
has been observed for the device varying from low-k to high-«,
but for the ADS spacer has 48%, as shown in Fig. 3(a). The ex-
plored GAA Si NW MOSFET has suppressed gate capacitance
with increased S/D extensions is shown in Fig. 3(b). For the case
of DC, increased the S/D extensions, the Ip-V also decreases,
respectively, as shown in Fig. 3(c). Fig. 4(a) indicates the nor-
malized gate capacitance as higher (about 60% deviation) for the
device with a high-k spacer due to the effect of extensions per-
mittivity and parasitic capacitance. But the device with ADS has
lies in between low-k and high-x. Figs. 4(b) and (c) show the
signal of RTN induced by SCT, due to low conduction carriers
at low gate voltage, the RTN is increased with increased Dy of
acceptor-like traps. Thus, the device with spacer has very low
leakage current; the largest one is only 2.39%, as shown in Fig.
4(c) for nominal cases.

4. Conclusions

In summary, the ADS spacer has wonderful characteristics
compared to other spacer materials; in particular, for the off-cur-
rent it is about 68.8% reduction and the boost of on-current is up
to 29.4%, compared with the device without spacer. The signal
of RTN induced by SCT does not be altered significantly for the
explored GAA Si NW MOSFETs with and without ADS.
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Fig. 1. (a) Simulated device with various regions of the asymmetric dual spacer (ADS) device. (b) A cross-sectional view along the channel of
cut (c1) from plot (a). (c) The normalized on-state current (Vo= 0.6 V and Vp= 0.05 V) with respect to the device without spacer. (d)
The normalized off-state current (Vo= 0.0 V and Vp= 0.05 V) with respect to the device without spacer. Notably, compared with the
results of device with SiO2 spacer (brown), the case of ADS (green) has 35% off-state current reduction and 21% on-state current

increase.
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Fig. 2. Comparison of the simulated Ip-V characteristics with different spacer and insets are zoom-in plots for the device with (a) Vb= 0.05
V and Vg =0.6 V and (b) Vb= Vs =0.6 V. (c) The comparison of gate to drain capacitance versus gate voltage with different spacer

materials.
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Fig. 3. (a) Gate capacitance versus gate voltage for the device with various spacers, compared with the nominal device at Vb= Vs =0.6 V. (b)
Gate capacitance versus gate voltage with the different S/D extensions of SiO2 spacer. (c¢) Ip-V¢ characteristic with different S/D exten-
sions of SiO: spacer.
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Fig. 4. (a) The normalized capacitance variability resulting from the device with the various spacers materials, compared with the nominal

device. (b) The calculated amplitude of the RTN induced by the SCT locating at middle of the channel for nominal device under the
biasing of Vo =1V and Vp =0.01 V. Similarly, (c) is the device with ADS spacer. There is no significant change in SCT-induced RTN
for the device with and without ADS.
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