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ABSTRACT

In order to realize highly bendable oxide TFT, we have
developed novel organic / inorganic dielectric layer. Our
IGZO TFT can withstand one million bending test at
bending radius of 1mm without employing neutral plane
concept. We see a big potential for the application of
wearable sensors.

1 Introduction
Flexible thin film transistors (TFT) have been attracting
a lot of attention due to the applicability to foldable
smarphone, IoT sensors, and photodetectors [1-3]. In
order to realize flexible TFT, various methods have been
proposed as follows.

1) Employing soft organic materials

2) Patterning stiff inorganic layers into islands
3) Thinning total thickness of the device

4) Utilizing neutral plane concept

1) Using organic materials, including organic
semiconductor layer, is one of the promising ways to
realize flexible TFTs because of its softness of the organic
materials [4]. However, due to its low mobility, poor
stability and immature process, organic TFT has not yet
mass-produced.

2) Hsu et.al., demonstrated that, by patterning device
materials into isolated islands, “hard” device islands can
remain crack free [5]. In this way, inorganic hard materials
can be used for flexible TFT.

3) Thinning total thickness of the device is the most
common way to make flexible TFT [6]. Normally, thickness
of the substrate governs the total thickness of the TFT,
therefore thinning substrate thickness is widely used in
flexible TFT.

4) When multilayered structure device is bent, at a given
position in the cross section, there is a plane where strain

does not apply, which is called neutral plane [7]. Therefore,

fragile TFT layer is normally placed at the neutral plane.
Utilizing neutral plane is quite powerful tool to realize
highly flexible TFT. However, in neutral plane concept,
entire device structure is extremely restricted.

In this article, we report highly bendable TFT using
transparent amorphous oxide semiconductor (TAOS)
without employing neutral plane concept. TAOS TFT is
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regarded as one of the most promising candidates for
flexible device due to its high performance at relatively
low processing temperature [8-10].  Nevertheless,
conventional oxide TFT suffers from relatively poor
flexibility because inorganic dielectric, such as SiOz or
SisN4 are vulnerable to bending. Therefore, hybridization
of inorganic and organic dielectric have been proposed
for bottom gate oxide TFT [11-13]. In this structure, very
thin inorganic layer serves as a plasma resistant layer for
beneath organic dielectric layer during sputtering
process of TAOS. While rather thick organic dielectric
layer guarantees the insulation resistance and flexibility.

However, reported results were not flexible enough to
be used for wearable sensor applications [11-13]. We
attribute this inadequate flexibility as the fragility of the
thin inorganic dielectric.

Here, we adopt inorganic / organic bilayer dielectric,

whose inorganic layer is patterned to isolate each device.

Moreover, less than 10 nm - thick inorganic layer are
employed to realize highly bendable IGZO TFT. We see
a big potential for the application of this highly bendable
TFT for wearable sensors.

2 Experiment

We employ bottom-gate top-contact etch stopper
structure IGZO TFT. As a substrate material, polyimide-
based liquid materials was coated onto glass carrier
substrate subsequently baked. We sputtered Al-based
alloy metal onto the polyimide films and patterned it as a
gate electrode. Onto gate electrode, acrylic based resin
was coated and baked, which serves as a first gate
dielectric layer. Subsequently, SiO2 layer with 7nm
thickness was deposited by chemical vapor deposition
(CVD) technique, using SiH4, N20O, H2 as source gases.
This SiO2 layer works as a second gate dielectric layer.
For comparison, we also prepared TFT without SiO2
layer. Onto this SiO2 layer, IGZO semiconductor layer
with the thickness of 35 nm was sputtered using DC
sputtering technique. We employ composition of
In:Ga:Zn=1:1:1 target. After fabrication of IGZO layer,
IGZO and SiO2 layer was patterned one after the other
using same photomask. For passivation layer, we
choose acrylic based polymer, which is identical material
to the first dielectric layer. After patterning passivation
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layer, Al-based source and drain layer was sputtered and
patterned. After completion of the TFT process, flexible
TFT on polyimide substrate is peeled off from the carrier
glass. In this manner flexible IGZO TFT was fabricated.
Cross-section schematic view of our flexible IGZO TFT is

shown in Fig. 1.
Acrylic polymer
H [GZOH. _.~8i0,

Acrylic polymer
|
Fig. 1 Cross-section schematic view of flexible IGZO
TFT

After fabrication of the flexible IGZO TFT, the device
was bent for one million times under compressive stress
at a curvature radius of 1 mm (R=1mm) using Yuasa
system's clamshell-type enduring test machines. Bending
direction is parallel to the flow of current and bending cycle
is 1 cycle/second.

In order to demonstrate the application to motion sensor,
8 x 8 flexible TFT array was fabricated. On to this IGZO
TFT array, P(VDF-TrFE) ferroelectric polymer film was
laminated electrically and mechanically.

3 Results

In order to investigate the effect of thin SiO2 layer, we
evaluated the transfer characteristics of the TFT with and
without SiOz layer. Surprisingly, TFT with thin SiOz layer
shows reasonable characteristics of p = 8.85 cm?/Vs, Vi
= 1.2V, and ss = 0.33 (V/decade), although TFT without
SiO: layer exhibits poor characteristics of u = 0.74 cm?/Vs,
Vih = 11.5V, and ss = 2.23 (V/decade).

Photograph of flexible IGZO TFT is shown in Fig. 2. As
shown in Fig 2, our flexible 1IGZO TFT can be bent
considerably.

Fig. 2 Photograph of flexible IGZO TFT

In order to quantify the bendability of the TFT, we
conducted bending test by enduring test machine
described in the Experiment section. Before and after
bending test, we do not observe any noticeable change in
the TFT characteristics.

Moreover, motion sensor, which consists of flexible TFT
array and ferroelectric polymer film are attached onto the
skin around the throat. In this way, muscle motion around
the throat can be monitored to access the swallowing
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ability. Photograph of the motion sensor are shown in
Fig.3 (a). The obtained results of the motion of the throat
during swallowing tea is depicted in Fig.3 (b). As is
clearly shown in Fig.3 (b), muscle motion of the throat is
clearly detected.

Fig. 3 (a) Motion sensor using flexible IGZO TFT
array attached onto the throat, (b) Motion of the
throat during swallowing tea

4  Discussion

As described in Results section, 7nm-SiOz layer
between IGZO and acrylic polymer dielectric layer plays
a critical role in realizing reasonable TFT characteristics.
Without SiOz layer, the first dielectric layer made of
polymer material degrades severely during the sputter
deposition of IGZO. Polymer dielectric layer is vulnerable
to the ions or radicals in the plasma, therefore good
interface between semiconductor and gate dielectric
layer cannot be implemented. Thin 7nm-SiO: interfacial
layer serves as the protection layer for polymer dielectric
layer against the plasma environment.

Moreover, patterning hard inorganic layer is of great
importance. Without patterning 7nm-SiO2 layer, we
observe a lot of tiny cracks in the device after bending
test at R=1mm. TFT with cracking does not show any
modulation anymore. On the contrary, any cracks are not
observed in the patterned SiO2 TFT. This is attributed
that TFT with patterned inorganic layer becomes more
resilient against bending, because deformation takes
place mostly in the compliant interisland region in island
structure device [5].

Thickness of the inorganic dielectric layer also matters
alot. The TFT with 30nm SiOz2 layer suffers from cracking
after bending at R=1mm. Even if the inorganic layers are
patterned, strain concentrates at thicker inorganic layers.
That leads to yield or cracking of the inorganic layers.
We do not evaluate TFT with thinner than 7nm-SiO: layer.
However we predict that even thinner SiOz layer leads to
island growth of the films, which cannot cover the whole
channel area of polymer gate insulator and results in
deterioration of the TFT characteristics. Anyhow, further
study should be done.

We compare our bendability result with the reported
values as shown in Fig. 4. In this graph, X axis is the
bending times and the Y axis is the reciprocal of bending
radius (=R/1). As is clear from this graph, the TFT in this



study is far more durable than the reported values. It
should also be noted that the channel of our TFT is not
placed at the neutral plane of the device.
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Fig. 4 Reported value of the relationship between
bending times and reciprocal of bending radius

As for sensor application, we have successfully monitor
the movement of the throat. In all over the world, aging of
the population progresses rapidly. One of the problems for
aged people are swallowing disorders, which is called
dysphagia. Proper assessment of the swallowing ability is
required to enhance the quality of the life. We believe that
our highly bendable motion sensor would be one of the
promising candidates to solve the issues of the aging
society.

5 Conclusions

In order to realize highly bendable IGZO TFT array, we
have developed novel organic / inorganic dielectric layer,
where inorganic dielectric layer is patterned like an island
shape. Our IGZO TFT can withstand one million bending
test at r = 1 mm without employing neutral plane concept.
As far as we know, this is the first report that can
demonstrate one million times bending at r = 1 mm. We
see a big potential for the application of our highly
bendable TFT for wearable sensors.
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