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Research on Silicon Nanowire Transistors for Future
Wearable Electronic Systems
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In future wearable electronic systems, 3-dimensional (3D) devices
have attracted much attention due to their high density integration
and low-power functionality. Among 3D devices, gate-all-around
(GAA) nanowire transistor provides superior gate controllability,
resulting in suppressing short channel effect and other drawbacks
in 2D metal-oxide-semiconductor field-effect transistor (MOSFET).
Silicon nanowires (SINWSs) are the most promising building block for
GAA structure device due to their compatibility with the current Si-
based ultra large scale integration (ULSI) technology. Moreover, the
theoretical limit for subthreshold swing (SS) of MOSFET is 60 mV/
dec at room temperature, which causes the increase in loff current.
To overcome theoretical limit for the SS, it is crucial that research
into new types of device concepts should be performed. In our
present studies, we have experimentally demonstrated feedback
FET (FBFET) and tunnel FET (TFET) with sub-60 mV/dec based
on SiNWs. Also, we fabricated SINW based complementary TFET
(c-TFET) and SiINW complementary metal-oxide-semiconductor
(CMOQS) inverter. Our research demonstrates the promising
potential of SINW electronic devices for future wearable electronic
systems.
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[Fig. 1] Key process steps used to obtain the silicon nanowire (SINW)
arrays from a bulk Si wafer. (a) Definition of Si active regions
along the [110] direction after pad oxidation and nitride
deposition. (b) Si trench etching. (c) Wet etching in 25
wt% TMAH solution to obtain the inverted triangle-shaped
Si lines. (d) Thermal oxidation of the Si lines. (e) Source/
drain implantations, followed by activation annealing. (f)
Release of the SiNWs via wet chemical etching using BOE
solution [9].
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[Fig. 2] SEM images taken after the key process steps shown in
Figure 1. (a) Cross section of the inverted-triangle-shaped
Si line. (b) Cross section of the SINW after size reduction
oxidation. (c) Plane-view image of the freestanding SINW
after all process [9].
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[Fig. 3] (a) Schematic illustration and (b) optical image of dual-top-
gate SINW FBFET [4-5].
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[Fig. 4] SS characteristics of the (a) n- and (b) p- SINW FBFET with
various fixed gate voltages [4-5].
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[Fig. 5] (@) Schematic of SINWs. (b) Wet etched SINWs in TMAH
solution. (c) SEM image of etched SINW. (d) Electrical
characteristics of SINW TFET [10].
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[Fig. 6] Inverter circuit diagrams of (a) SINW c-TFET and (b) SiNW
CMOS. (c) Static voltage transfer characteristics of the
inverters in butterfly shape as a function of power supply
voltage Vpp, voltage gain characteristics and transfer curve
of the power supply current - input voltage [11].
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