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Abstract:

We fabricated a micron-scale field effect transistor (FET) based on epitaxial In,O, thin film with drain current
of 0.2 A/mm and on-off ratio of 1x10® at room temperature. The whole device manufacturing process including
epitaxial In,O, growth takes place below 450°C, making it suitable for back-end-of-line (BEOL) process.

Summary of Research:

Epitaxial layer of indium oxide (In,O,) was formed below
the threshold for BEOL process, T, < 450°C, with narrow
rocking curve less than 0.05° and low surface roughness
of 0.45 nm RMS value, using recently developed version
of molecular-beam epitaxy called suboxide MBE [1,2]. At
lower carrier concentration regime, an epitaxial In,O, film
attained a mobility of 28 cm?V-!s™! at a carrier concentration
of 1.35 x 10" cm™. We chose this film to make a FET device
because of its low carrier concentration, which is ideal for
achieving complete depletion.

We used reactive ion etching using the same conditions we
described recently for etching stannate materials for device
isolation, and it worked well for In O, [3]. Contacts at the
source/drain and top gate were made with sputtered ITO
thin film. For dielectric, ALD-grown HfO, was deposited.
Figure 1 depicts the device schematic. The characteristics of
the devices are shown in Figure 2 and Figure 3.

The hysteresis behavior in the transfer characteristic with
respect to the voltage sweep directions is similar to what
we saw on BaSnO-based field effect transistor made with
the same technique. It is believed this non-ideal behavior is
attributed to the defects in HfO,. The drain current of the
device in the output characteristic is 0.2 A/mm and the on-
off ratio is 1 x 108. In Figure 4, we compared the results of
our devices to those of the most advanced oxide channel
thin film transistor [4-49].

Our result is in the upper left corner, where the expected
performance with high drain current and on-off ratio should
be found. This indicates that our results are comparable
to the best-performing devices based on alternative oxide
channel materials, and thus promising.

Sputtered ITO \. ITO (100 nm)

ALD-grown HfO2 (10 nm)
ITO (25 nm) ITO (25 nm)

Epitaxial In203 (15 nm)

YSZ (001)

Figure 1: Device schematic.
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Figure 2, left: Transfer characteristic of the device. Figure 3, right:
Output characteristic of the device.
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Figure 4: The comparison of device performances based on oxide
channel materials in terms of drain current and on-off ratio.
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