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Abstract

We fabricated ultra-thin body dioxdie (SnO,)
thin-film-transistors ~ with  high  mobility  using
microwave irradiation at a low process temperature
below 100 °C. The electrical characteristics of SnO,
TFT were drastically enhanced below the body thick-
ness of 10 nm. Microwave irradiation enhanced the
electrical properties of TFTs; a high field-effect mobility
of 35.4 cm? V's™, a high on/off current ratio of 4x107,
and small subthreshold swing of 613 mV/dec.

1. Introduction

Transparent semiconducting and conducting oxides
(TSOs and TCOs, respectively) have been attracting con-
siderable attention for application in transparent electronics,
mobile electronics, future displays, and other consumer
electronics. Among them, amorphous indium-gallium-zinc
oxide (a-1GZO) TFTs is considered as one of the most
promising material for backplane electronic devices of
next-generation display application, because of their out-
standing electrical properties such as high mobility and an
excellent on/off ratio even in the amoprohous phase and
fully transparent [1]. However, the cost issue due to rare
earth metals such as indium, gallium is demanding appro-
priate alternatives such as zinc oxide (ZnO,) and tin oxide
(SnOy). A lot of research has been conducted on the ZnO,
TFTs and SnO, TFTs so far. Nevertheless, the performanc-
es of these devices are not surpassing the a-1IGZO TFTs. In
particular, since the SnO, shows a metallic conduction
characteristic when the thermal process temperature is
higher than 400 °C [2], it might hamper their diverse ap-
plications into plastic and glass substrates.

In this study, we fabricated a high performance SnO,
TFTs with microwave annealing at a low thermal process
temperature below 100 °C. The body thickness and micro-
wave annealing effects on the performance and instability
of TFTs were investigated.

2. Experimental Methods

The TFT device was fabricated on the p-type (100) Si
wafer with a resistivity of 10-Q-cm. After standard RCA
cleaning of Si surface, a thermal oxide with a thickness of
100 nm was grown as a gate insulator. The active channel
layers of 30, 10 and 5-nm-thick SnO, film were deposited
by RF magnetron sputtering using argon (Ar) gas with a
flow rate of 20 sccm. The deposition condition is as fol-
lows: a RF power of 70 W, a pressure of 3x10™ torr. The
post-deposition annealing was carried out at two methods

to improve the electrical properties of the SnO, TFTs; a
conventional furnace annealing and a microwave annealing.
The temperatures of furnace annealing were ranging from
200 to 400 °C for 30 min in nitrogen (N,) ambient. Mean-
while, the microwave irradiation was carried out with a
microwave power of 1000 W for 15 min in air. The process
temperature of microwave annealing monitored by a
thermocouple in contact with the sample was 89 °C. The
active and source/drain regions were patterned using
shadow masks. The source/drain electrodes (Ti/Au=10/100
m) were formed by e-beam evaporation on the active region.
Fig. 1 shows the schematic structure of the ultra thin body
SnO, TFTs with a back gate. The electrical performances of
the TFTs were characterized by a probe station in dark box
and a semiconductor parameter analyzer (HP 4156B) at
room temperature. The instability was measured by
threshold voltage shift under the positive/negative gate bias
(PBS/NBS) stress (Vgs=220 V, Vps=10 V) for 1 hour.

3. Results and Discussion

Fig. 2 shows the transfer characteristics of SnO, TFTs
annealed in (a) microwave with a power of 1000 W and (b)
conventional furnace with a temperature of 400 °C. When
the body is thick, the TFTs operate in normally-on mode
because the electron concentration of SnO, channel is very
high. As a result, the drain leakage current increases with
channel thickness. On the contrary, as the body thickness
decreases below 10 nm, the SnO, TFTs showe better on/off
ratio and subthreshold swing. This indicate that the channel
region can be controlled when the body become fully
depleted for gate elecrtical field [3].

Fig. 3 shows the transfer curves of 5-nm-thick SnO,
TFTs. Owing to a large number of defects incorporated in
SnO, channel and interface states at the gate oxide/channel,
as-deposited SnO, TFTs shows poor characteristics. How-
ever, these defects can be reduced by post deposition heat
treatment, leading to improved device performance. Obvi-
ously, the annealed samples by furnace or microwave re-
vealed dramatic improvements in transfer curves.

Fig. 4 shows field-effect mobility (ure) and
subthreshold swing (SS). The low temperature furace
anneling below 300 °C is found to be unhelpful for
improving TFTs performance. But, the furnace anneal at
400 °C considerably improved the pure and SS to 20.3
cm?/V s and 672 mV/dec, respectively.

Fig. 5 shows the instability of the SnO,. Threshold
voltage shift of microwave annealed TFTs is smaller than
that of 400 °C furnace annealed one. Therefore, we
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conclude that the microwave annealing effectively removes
the defects in SnO, channel and improves the gate
insulator/channel interfaces at low temperature.

4. Conclusions

A high performance SnO, TFTs with a ultra-thin body
was fabricated by using the microwave annealing process at
low process temperature. The electrical characteristics of
SnO, TFT were enhanced with decreasing body thickness.
Microwave irradiation enhances the electrical properties of
TFTs; a high field-effect-mobility of 35.4 cm? Vs, a high
on/off current ratio of 4x10, and small subthreshold swing
of 613 mV/dec. Therefore, the ultra-thin body SnO, TFTs
and the microwave annealing are very promising to
transparent display applications owing to a low cost, fully
transparency, and high performance.
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Fig.1. Schematic structure of the ultra thin body SnO, TFTs with a
back gate electrode.
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Fig.2. Transfer curves of SnO, TFTs: (a) microwave annealing
with 1000 W/15 min, (b) furnace annealing at 400 °C/30 min.
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Fig.3. Transfer curves of SnO, TFT with different annealing con-
ditions.
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Fig.4. Field-effect mobility and subthreshold swing of SnO, TFTs
of 5-nm-thick channel with different annealing conditions.
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Fig.5. Threshold voltage shift of SnO, TFTs with a body thickness
of 5 nm as a function of PBS/NBS time.
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