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a b s t r a c t

Three dimensional (3-D) FinFET devices with an ultra-high Si-fin aspect ratio (Height/
Width = 82.9 nm/8.6 nm) have been developed after integrating a 14 Å nitrided gate oxide upon the sil-
icon on insulator (SOI) wafers through an advanced CMOS logic platform. The drive current (ION), off cur-
rent (IOFF), subthreshold swing (SS), drain-induced barrier lowering (DIBL) and transistor gate delay of
30 nm gate length (Lg) of FinFETs illustrate the promising device performance. The TCAD simulations
demonstrate that both threshold voltage (Vth) and off current can be adjusted appropriately through
the full silicidation (FUSI) of CoSi2 gate engineering. Moreover, the drive currents of n- and p-channel
FinFETs are able to be further enhanced once applying the raised Source/Drain (S/D) approach technology
for reducing the S/D resistance drastically.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Seeking the high speed, low cost and high-volume capacity in IC
chips is the development trend in the modern semiconductor
industry [1,2]. As the process technology entering the nano-node
generation, the FinFET structures are one of the bright stars in
the tremendous competitive devices. In order to achieve an ultra-
high density MOSFET-like IC product, a 3D FinFET device has
emerged as a promising candidate as compared to other double
gate device structures [3,4] due to its process compatibility with
traditional logic devices. Moreover, FinFET devices present the
advantages of avoiding shallow trench isolation process as well
as effective improvement of ION, IOFF, subthreshold swing, DIBL,

and short channel effect owing to the good controllability of gate
electrode surrounding the erected silicon body of Si-fin [5,6].
Besides the substrate with silicon bulk substrate [7,8], the device
fabricated by using the silicon-on-insulator (SOI) wafer in high-
performance computing (HPC) products is a suitable choice [9–
11]. In this work, we report 3-D SOI FinFETs [12,13] with an
ultra-high aspect ratio up to Si-fin Height/Width (Hfin/Wfin)
= 82.9 nm/8.6 nm with promising performance such as ION, IOFF,
subthreshold swing (SS), and DIBL. We hereby focus on the gate
dielectric with oxy-nitride (SiON) providing the higher k-value as
compared with the pure gate oxide and preventing the implanted
boron from penetrating gate electrode to N-well, not high-k dielec-
tric (HK) like Hf-based dielectric (HfO2 or HfZrOx) [14,15] due to
feasibly exposing the achievement of high aspect ratio Si-fin device
and probably avoiding the interrupt of bonding between high-k
dielectric and channel surface causing some unpredictable interfa-
cial issues [16,17].
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2. Fabrication of FinFET devices

The SOITEC SOI wafers were applied to fabricate high-aspect
ratio 3-D FinFETs with a conventional ULSI sub-65 nm generation
logic technology [18,19]. Fig. 1 depicts a tilted sketch of this 3-D
FinFET structure showing a poly-Si gate (red) lying across a Si-fin
body (water blue) upon an SOI substrate with its drive-on currents
passing through the two sidewalls of thin Si-fin body. In order to
form this fin structure, the SOI crystalline silicon (c-Si) layer was
thinned down with oxidation-and-etch process steps and the final
c-Si thickness was controlled up to 80–90 nm. Furthermore, a fur-
nace silicon oxidation processing was rendered to obtain an appro-
priate oxide layer for the subsequent Si-fin photolithography
definition and plasma etching to achieve a desirable multiple Si-
fin width such as 8.6–11.4 nm, as shown in Fig. 2. Continuously,
a sacrificial thin oxide was grown upon both sides of the vertical
sidewall to serve as a screen oxide and to remove the plasma etch
damaged layer near the Si-fin surface. Subsequently, in order to
gain more uniformly distributed implanted dopant profiles, boron
(B) and arsenic (As) ions based on the TCAD simulation results with
a 45� tilted implantation angle were employed for the threshold
voltage (Vth) adjustment of n- and p-channel FinFETs.

After the 45�-tilted ion implantation for the threshold voltage
tuning, the screening oxide was removed followed by the growth
of a 14 Å (physical thickness) plasma nitrided oxide as the gate
dielectric layer and an un-doped polysilicon (poly-Si) gate layer
was deposited by low temperature chemical vapor deposition
(LTCVD). Moreover, the high phosphorus (P) dosage implantation
was applied for the reduction of n-channel poly-Si gate resistance
and the high boron (B or BFx) dosage was for p-channel gate resis-
tance [20]. Due to the consideration obtaining a poly-Si gate length
of 30 nm, an oxide hard mask and a 193 nm scanner were adopted.
P-channel S/D extension (SDE) implantation [21,22] was skipped to
avoid the excess boron diffusion in this work. Fig. 3 shows the tilt-
SEM image of a multiple Si-fin SOI FinFET after the formation of
poly-Si gate electrode.

Shortly thereafter, after the gate spacer formation both n+ (As)
and p+ (B) source/drain ion implantations were conducted. A cobalt
fully silicidation (FUSI) process for the poly-Si gate was also used
followed by a standard copper interconnect process. Ultimately, a
passivation of PECVD-SiOx and SiNx composite layer was deposited
followed by the formation of aluminum bonding pads. The simple
process flow in FinFET fabrication is illustrated in Fig. 4.

3. Results and discussion

In terms of basic electric characterizations of FinFET, they still
follow the general formulas of 2-D MOSFET [23] although it pro-
vides the greater 3-D controllability in device channel, as given
below.
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where W: channel width, L: channel length, ln: channel mobility
for n-channel device, Cox: gate capacitance per area, k: channel

Fig. 1. Schematic contours of single n-channel FinFET: (a) 3-D top-view profile and
(b) cross-sectional profile with S/D view on SOI substrate.

Fig. 2. The tilt-SEM image of a multiple Si-Fin with its Si-fin width (Wfin) of 17 nm.

Fig. 3. The tilt-SEM image of a multiple FinFET after its poly-Si gate defined by
photolithography, plasma etched and photoresist removed out.
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