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In this paper,we investigate the impact offin-shape, dimension, and geometry of tapered FinFETwith 5-nmnode
(N5) technology using TCAD simulation. Fixed gate length (LG) of 9 nm, spacer length (LSP) of 7 nm, and bottom
fin-width (FWB) of 6 nmwere used. The other parameters, such as top fin-width (FWT) and fin-height (FH) were
modulated to see the impact on the electrical characteristic and physical behaviors of the device. The simulation
results show that increasing FH can enhance the saturation current (ISAT) effectively. However, the threshold volt-
age (VTH) will suffer so much. In addition, a higher FH means that a larger aspect ratio, thus it is not easy to fab-
ricate in themanufacturing process. On the other hand, the saturation current can be improved bywidening FWB.
Nevertheless, it may not be a good choice because a wider FWB lets a larger cross-section device area for epitaxy
source and drain. Tuning FWT may be the best choice to have a current gain. Additional 1 nm FWT can enhance
approximately 30% of the saturation current. Moreover, the VTH has no significant impact and it is good for
source-drain epitaxy. By careful control of FH and FWT, the device performance can be predicted very well. As
the results, Moore's law still can work even in N5 CMOS technology.
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1. Introduction

Over the last three decades, the semiconductor industry has
availed massively from the MOSFET miniaturization. The shrinking
of transistor dimensions enables more than hundreds of million
transistors to be placed on a single chip. The increased functionality
and reduced cost of the enormous diversification of integrated cir-
cuits (IC) have brought its own advantages to semiconductor indus-
try and end users. Some of the major benefits gained as a result of
transistor scaling are a low cost of fabrications, increased data
speed, small device dimension, and the capability to carry out multi-
ple tasks simultaneously.

As MOSFET scaling down, the conventional planar transistor archi-
tectures had reached the fundamental material and process technology
limits. Moreover, as the size decreases, it will suffer from the short-
channel effects (SCE), thus result in the severe junction leakage problem
andmobility degradation, and hence the drive current will drop [1]. The
threshold voltage (VTH) will also roll-off. Thus, a high channel doping to
control the leakage current is required. Nevertheless, it has major

disadvantages of lower carrier mobility, high tunneling effect, degrada-
tion in subthreshold performance, and larger parasitic capacitance.
Moreover, to make high doping in the channel is not easy to do in the
real fabrication process.

Therefore, the development of small devices with high performance
becomes more challenging. Innovative three-dimensional structures
such as double-, triple-,fin-typed, nano-sheet, and nanowirefield-effect
transistors (FET) have been of great interests. Fin-typed FET (FinFET) is
one of the most promising device structures to address short-channel
effects and leakage issues in the deeply nano-scale transistor [2]. FinFET
structure mitigates these problems at low channel doping conditions,
which alsominimize variations of theVTH, reduce sub-threshold leakage
currents, keep high carrier mobility, and enhance the drive current. The
FinFETs technology consists of vertical fins, which the gate region is
wrapped around three sides of the fin channel. The gate oxide is formed
on the two sidewalls plus top side of thefin. By extending gate control to
three sides of the fin, it will allow the use shorter effective gate length
[3]. Adjusting the fin dimension can increase the channel conductivity
without proportionally scaling the gate capacitance. Moreover, the in-
creasing the transistor area can be minimized. The FinFET structure
can be scaled down to 22-nmand beyond [4,5]. In sub 22-nmnode tech-
nology, the fin shape of a FinFET is not perfectly rectangular but some-
what tapered [3]. The tapered FinFET has a fin top width shorter than
its fin bottom width. The angle between the side and the bottom of fin
is similar to a trapezoid shape because of etching technique limitations.
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Recent studies on FinFET devices were reported [6–11]. However,
the effect of the tapered fin cross-sectional profile on the device perfor-
mances, particularly in the sub 10-nm technology has not yet clearly
been investigated. This tapered shape can cause different electrical
characteristics and physical behavior. Such loss of control on the fin-
shape of the FinFET may lead to unwanted variations in the perfor-
mance. Accordingly, the investigations into these effects are needed
for providing the design guideline in 5-nmnode (N5) CMOS technology.
In this work, we study comprehensively the effects of fin-shape dimen-
sion and geometry of tapered FinFET with N5 technology node on the
device performances. The results have been extensively investigated
by analyzing the influence of top fin-width (FWT) and fin-height (FH).

2. Simulation approach

2.1. Device structure

Fig. 1 illustrates the device architecture of the simulated tapered
FinFET and cross-section view of the device in the channel region
along A-A′ direction. The 5 nm node technology was used in this simu-
lation. This is approximately equal to the effective gate length of 10 nm
[12]. In this simulation, the physical gate length (LG) of 9 nm was
adopted. SiO2 and Si3N4 were considered as the gate oxide and spacer
material, respectively. Fixed spacer length (LSP) of 7 nm was used. The
doping concentrations were the source (1020 cm−3), the drain
(1020 cm−3), and the channel (1016 cm−3).

The doping species for NFET were Boron (p-type doping) in the
channel and Arsenic (n-type doping) in the S/D region. In PFET, Arsenic
as the n-type doping in the S/D region and Boron as p-type doping in the
channel were applied. The metal gate with work function 4.45 eV and
4.83 eV were selected for NFET and PFET, respectively. The dimension
of different parameters for the simulated device is tabulated in Table 1.

2.2. Simulation model

The Sentaurus TCAD simulatorwas used to perform3-D simulations,
which included the density gradient (DG) solver model with quantum
effects. The DG model for quantum correction was calibrated to the so-
lution of the Poisson–Schrödinger equations. In order to take the high
doping concentration of the source and drain region, Band Gap
Narrowing (BGN) model was comprised. For the accuracy of the off-
state current, the Band-To-Band Tunneling (BTBT) model and concen-
tration-dependent Shockley-Read-Hall (SRH) model were considered.

The mobility model used in the device simulation were Inversion
and Accumulation Layer (IAL) model for accurate 2D Coulomb scatter-
ing; Thin layer (TL) model for low-field mobility modulated as very
thin Si thickness; ballistic mobility model for compensating small
gate-length (below 10 nm); and Matthiessen's rule mobility model

including surface acoustic phonon scattering, surface roughness scatter-
ing, and bulk mobility with doping-dependent modification effect.

Fermi-Dirac distribution has been activated instead of Boltzmann
statistics due to the presence of carrier degeneracy in the S/D region.
Multivalley model was also used to compute the precise dependence
of the carrier concentration on the quasi-Fermi level. High Field Satura-
tionmodel was also included in this simulation because the carrier drift
velocity is no longer proportional to the electric field [13].

3. Results and discussion

The effect of fin angle of Bulk n-type FinFET with gate length of
25 nm on the drain current, SS, and DIBL was studied [6]. In addition,
the variation of fin-width of 16 nm FinFET on the ID-VG curve, SS, ION/
IOFF ratio, and VTH was also studied [10]. Moreover, DIBL changing be-
cause of fin shape variability of the 14 nm node (LG = 24 nm) and
10 nm node (LG = 10 nm) was also investigated [11]. In this paper,
we did a comprehensive study on the effect of fin shape of the FinFET
device with a smaller gate length (9 nm/5-nm node technology), both
for NFET and PFET. In very short gate-length devices, the spacer was
used to improve the electrostatic integrity of the FinFET. We also com-
pare the different physics behavior of NFET and PFET. The variation of
VTH, SS, and ISAT because of the changes of fin-height and top fin-
width also was presented in 3D contour plot.

We set the top fin-width (FWT) = 4 nm, the bottom fin-width
(FWB) = 6 nm, and the fin-height (FH) equal to 48 nm and the gate
length (LG) = 9 nm as a standard device. The tapered fin is tilted with
an angle of 87o. Then, we modulate the parameters, such as top fin-
width (FWT) and fin-height (FH) to see the impact of these parameters.
Afterwards, we analyze the physical properties of the device to under-
stand physical behavior and characteristics.

Fig. 2. Transfer characteristics (in logarithmic scale) of Tapered FinFET (FWT=4 nm, VD=
0.5 V) with different FH.

Table 1
Device parameters used in the simulation.

Parameters Values [unit]

Channel length, LG 9 [nm]
Spacer length, LSP 7 [nm]
S/D extension length, LSDE 25 [nm]
Fin-height, FH 40 to 60 [nm]
Top Fin-width, FWT 2 to 5 [nm]
Bottom Fin-width, FWB 6 [nm]
Effective Oxide Thickness, EOT 0.6 [nm]
S/D doping (Arsenic for NFET, Boron for PFET) 1 × 1020 [cm−3]
S/D extension doping (Arsenic for NFET, Boron for PFET) 1 × 1017 [cm−3]
Channel doping (Boron for NFET, Arsenic for PFET) 1 × 1016 [cm−3]
Si bulk doping (Boron, p-type) 1 × 1018 [cm−3]

Fig. 1. (a) Device structure of simulated tapered FinFET and (b) cross-section view of the
device in the channel region along A-A′ direction.
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