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Abstract— Solution-processed metal oxide semiconductors are
being extensively studied as a channel material for active
semiconductor transistors. Among all metal oxide semiconductors,
indium-gallium-zinc-oxide (IGZO) gained considerable attention
for thin film transistors (TFTs) due to its promising electrical
properties. Although metal oxide TFTs fabricated with vacuum
deposition techniques enjoy the advantage of higher mobility in
comparison with solution processing, vacuum deposition
techniques are very costly due to expensive equipment, restricting
its usage for emerging modern technologies, such as printed and
flexible electronics. On the other hand, solution-processed metal
oxide devices have an added advantage such as low cost, and
compatible for flexible substrates. Therefore, developments of
solution processed metal oxide TFTs on flexible substrates could
open a new era of flexible and wearable electronics. Herein, we
report the fabrication of flexible thin film transistors (TFT) using
solution-processed indium-gallium-zinc-oxide (IGZO) as a
channel material by uniting with room temperature deposited
anodized high-k aluminium oxide (Al.Oz3) for gate dielectrics. The
flexible TFTs operates at low voltage Vgs of 4 V, with threshold
voltage Vi 1.05 V along with hysteresis as low as 0.4 V. The
extracted electron mobility (u) at saturation regime, is 4.77
cm?/V-s. The transconductance, gm, is 90.8 uS, subthreshold swing
(SS) 357 mV/dec and on/off ratio 10°.

I. INTRODUCTION

Recently, amorphous metal oxide semiconductors have been
largely used for many sensing applications and electronic
circuits. TFTs based on solution-processed metal oxides have
received much attention due to the advantages of low cost and
scalable processing compared to high temperature and/or high
vacuum, vapor deposition techniques [...]. With increased
demand for flexible, wearable and ultra-thin electronics,
extensive effort has been made to develop the high performance
solution-processed thin film transistors (TFT) and circuits for
potential applications, such as Internet-of-Things (loT) and
radio frequency identification tags (RFID) [...]. To meet the
power demand for modern electronic application, especially
autonomously powered internet of things (loT), internet-of-
everything (IoE) objects, or medical wearables, they must be
energy thrifty. Therefore, to achieve this, flexible TFTs based
on solution-processed metal oxide semiconductors can be seen
as potential alternatives for the expensive and complex high
vacuum, high temperature deposition techniques [...].

Among all other metal oxide semiconductors, indium
gallium zinc oxide (IGZO) is the most popular and widely
studied due to its superior opto-electronic properties, such as
low temperature processing, high mobility, uniformity,
transmittance, etc. [...]. Thin film transistors with indium
gallium zinc oxide (1GZO) semiconductor have been already
reported in the past; however, the higher device operating
voltage and high temperature deposition and vacuum
processing still present major challenges for using it for the
flexible and wearable electronics [...].
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Fig. 1. a) Schematic representation of the flexible IGZO TFT with Al,O3
gate dielectric for (illustrative purposes — not on scale). b) Photograph of the
fabricated flexible IGZO TFT on a Kapton substrate. and c) Optical micrograph
of flexible IGZO TFT. Scale bar 500 um.

Here, we report low voltage (4.0 V) operating flexible thin
film transistor (TFT) with solution processed low temperature
deposited indium gallium zinc oxide (IGZO) semiconductor
film along with room temperature deposited anodized
aluminium oxide Al,Os as a high-k gate dielectric. By merging
the device fabrication with ultra-thin (~10 nm) room
temperature deposited anodic Al,O3 gate oxide and reasonably
low temperature i.e. 300°C annealed 1GZO film, we reduced the



device operating voltage below the 4 volts. The schematic
representation of the flexible TFTs is shown in Fig. 1(a).

Il. EXPERIMENTAL

As shown in Fig. 1(a), flexible Kapton was used as a
substrate to fabricate the flexible TFTs using the bottom gate,
top contact topology. A photograph of the fabricated flexible
IGZO TFTs is shown in Fig. 1(b), and Fig. 1(c) illustrates the
optical micrograph of the fabricated flexible IGZO TFTs.

To fabricate the flexible TFTs, the Kapton substrates were
successively sonicated 30 minutes each in, acetone, isopropanol
(IPA) and deionized water (DI) and carefully dried with air gun.
The substrates were then mounted with a patterned metal
shadow mask and transferred to the e-beam evaporator to form
gate electrodes by depositing 100 nm Aluminium (Al). This
anodization process has been performed on deposited
aluminium and shown to convert the top ~10 nm surface of it
into an aluminium oxide dielectric [...]. The substrates were
then rinsed several times with deionized water (D).

Subsequently, indium gallium zinc oxide (IGZO) was
deposited by using spin coating of an IGZO precursor ink and
annealing at 90°C for 15 min and 300°C for 30 min, both in air.
The indium gallium zinc oxide (1GZO) ink was formed by
dissolving indium nitrate hydrate (In(NO3)3.xH20), gallium
nitrate hydrate (Ga(NOs);.xH20), and zinc nitrate hydrate
(Zn(NO3)3.xH20) in 2-methoxyethanol in a proportion of 0.085
:0.0125 : 0.0275 M respectively [...].

Finally, using a metal shadow mask, the drain and source
electrodes was formed by depositing 100 nm thick aluminium
(Al) with e-beam evaporation. The aluminium (Al) metal
deposition was performed under a high vacuum 10 Torr. The
electrical performance of the fabricated flexible IGZO TFTs
was measured using a Keysight B1500A semiconductor device
parameter analyser connected to a Cascade Microtech probe
station via tri-axial shielded cables.

I1l. RESULTS AND DISCUSSION

The electrical performance i.e. transfer (ls vs Vy)
characteristics and output (lg vs Vg) characteristics of the
fabricated flexible TFTs based on solution processed indium
gallium zinc oxide (IGZO) as an active channel material and
room temperature anodized Al,O3 high-x gate dielectric are
shown in Figs. 2 and 3, respectively.
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Fig. 2. Transfer characteristics of flexible 1IGZO TFTs.
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Fig. 3. Output characteristics of flexible IGZO TFTs.

The extracted electron mobility () in the saturation regime
was found to be 4.77 cm?V-1s?, calculated using the equation
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where, Ip is the drain current, Vg is the gate voltage, Cg is the
gate oxide capacitance, and W/L is the ratio of width to length
of the TFT channel.
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Fig. 4. Transfer characteristics of IGZO TFTs showing hysteresis.

The flexible IGZO TFTs shows a low-voltage performance, at
4 Volts with a threshold voltage, Vi, 1.05 Volts and On/Off
ratio is 10°. The measured transconductance (gm) gain is 90.8
WS and the subthreshold swing, SS, is 0.357 V/dec. Figure 4,
represents the hysteresis, which is as low as 0.4 V. The leakage
through the dielectric is shown Fig. 5, showing a dielectric
breakdown voltage at 5.5 Volts and very low leakage current at
device operating voltages, i.e. less than 10 nA below 4 V,
verifying good quality gate dielectric. Therefore, all the
measured parameters and electrical performance of the flexible



indium gallium zinc oxide (IGZO) TFTS are, relative to their
evaporated counterparts, very good, and with outstanding
overall device performance in comparison with the recent
reports on solution processed IGZO TFTs [...]. We believe that
the present study offers a new route for low voltage operating
flexible TFTs based on solution-processed metal oxide
semiconductor and dielectric films through anodized room
temperature aluminium oxide focused towards flexible and/or
wearable electronics, especially with energy scavenging
internet of things (loT).
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Fig. 5. Transfer characteristics of IGZO TFTs showing hysteresis.

The combined electrical performance parameters of the
flexible indium gallium zinc oxide (1GZO) thin film transistors
(TFTs) are summarised in Table 1.

TABLE
SUMMARIZED IGZO TFT PERFORMANCE PARAMETERS
Threshold Mobility | Transconductance | Subthreshold
voltage, Vin Msat Om swing, SS
V) (cm2v-ist) (uS) (V/dec)
1.05 4.77 90.82 0.357 V/dec

IV. CONCLUSIONS

Flexible thin film transistors (TFTs) based on solution-
processable indium gallium zinc oxide (IGZO) were fabricated
on flexible Kapton substrates. The very thin ~10nm high- «
aluminum oxide (Al,O3) gate dielectric was deposited with the
help of a room temperature anodization process, enabling low
voltage operating devices. The flexible TFTs have quite good
electrical performance with low voltage 4.0 V and the electron
mobility (W) is as high as 4.77 cm?/V-s. In this study, by uniting
low temperature solution processable 1GZO with room
temperature processed anodized aluminum oxide Al,O3 high-k
gate dielectric, we successfully demonstrated low voltage
operating flexible TFTs. Therefore, flexible low voltage
solution processed metal oxide TFTs are promising candidate
that not only may replace the conventional semiconductor

technology in some applications but also opens new era of wide
range of applications.
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