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1. Introduction

Flexible transparent electronics based on thin-film tran-
sistors (TFTs) has been regarded as an important role in
next generation display technology because of its advan-
tages such as being conformable, thin profile and light
weight [1]. The main challenge of flexible thin-film tran-
sistors is to find appropriate channel materials and improve
fabrication methods to get over the inherent barrier of the
low glass transition temperature (Tg) for flexible substrates
[2]. There has been extensive interest in examining trans-
parent oxide semiconductors as the channel material of
TFTs due to their superior optical and electrical properties
in spite of low-temperature process [3-5]. One effective
method to improve the device performance without in-
creasing the process temperature is to adopt the composite
channel structure and combine films with desirable features
[6-8]. In this paper, we fabricate TFTs using Al-doped ZnO
(AZO) as channel materials on flexible plastic substrates at
room temperature and further investigate the structure of
dual channels composed a high-density layer and a
low-density layer.

2. Experiments

The carrier concentration of the AZO film is mostly re-
lated to the oxygen vacancies in the film. Thus we changed
the carrier concentration in the film through controlling the
oxygen content in deposition feed gas during the rf magne-
tron sputtering and prepared the dual channels composed a
high-density layer and a low-density layer.

In this fabrication, the conventional bottom-gate struc-
ture and the 3-mask lithography and lift-off process were
adopted. The structure schematic is shown in Fig. 1. A kind
of transparent PET plastic was used as the substrate.

First, a 120nm-thick ITO layer was sputtered on the
PET substrate and then lift-off to form gate electrodes. Af-
terwards, a gate insulator of 150nm SiO,was deposited by
PECVD. Then the dual channels were formed by succes-
sive deposition of a 15nm AZO layer and then a 75 nm
AZO layer, of which the O,/Ar ratio during the rf magne-
tron sputtering was 0/100 and 5/95 respectively. The three
layers were lift-off together to form the gate insulator and
the channel. Lastly a 200nm ITO layer was sputtered as the
source and drain contacts. The whole fabrication was car-
ried out at room temperature and no intentional heating was
performed during the deposition step. We also fabricated
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TFTs with the single AZO channel deposited under the
O,/Ar ratio of 5/95 for comparison. Thin-film transistors
as-fabricated were fully transparent-looking (seen in Fig.2),

with W/L= 10 and L = 10pm.
high 0 AZ0-75nm
low O AZO-15hm

PET

Fig. 1 Schematic of a dual-channel AZO thin- film transistor on
PET substrate

Fig. 2 Image of transparent AZO thin- film transistor on a bent
flexible PET substrate

3. Results and discussion

The transfer characteristics of AZO TFTs with two
kinds of channel structures are illustrated in Fig. 3, ana-
lyzed by a semiconductor parametric analyzer (Agilent
4156C). The drain voltage (Vp) was set at 5V, while the
gate voltage (V) ranged from -5~15V. Table I shows the
extracted electrical parameters of AZO TFTs with two
kinds of channel structures.

As can be seen from the table, by changing from a sin-
gle to a dual-channel structure, the saturation mobility was
increased by an order of magnitude, from 3.13 to
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31.4cm?V’s™, while the threshold voltage (Vy,) was 3.85V,
almost unchanged. The Subthreshold Swing (SS) decreased
and was 0.33V/dec. The drain current on/off ratio was also
enhanced by about an order of magnitude and reached up to
about 10°.
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Fig. 3 Representative transfer characteristics of AZO TFTs with
two kinds of channel structures.

Table | The extracted electrical parameters of AZO TFTs with
different channel structures

Vi  SS U sat L

(V)  (V/dec) (cmPvis?) oo

482 0.6 3.13 ~10’

3.85 0.33 31.4 ~10°

Channel structure

Single-channel
Dual-channel

Fig. 4 shows the SEM image of two kinds of AZO
films. It can be seen obviously that with the O,/Ar ratio
increasing during the deposition, the grain size of AZO
films decreases, which means better uniformity in film
properties.

Fig. 4 SEM image of the AZO films. The grain size decreases
with the increasing O, partial pressure.

This double-stacked channel structure provides a pos-
sibility to improve the mobility, the on-current and mean-
while restrain the off-current. It’s just the combination of

-910-

these two layers with their respective desirable features that
causes this device improvement. The carrier mobility de-
pends exponentially on the grain size because of the grain
boundary scattering, which is dominant over the ionized
impurity scattering in AZO films [9]. Therefore we actually
got an AZO layer of high carrier density as well as high
carrier mobility close to the gate insulator, which precisely
forms the carrier generation layer in thin-film transistors
[10]. On the other hand, the thick AZO layer close to the
source and drain contacts forms the main transport channel
through which the electrons flow from the source to the
drain. Therefore it can help to restrain the source-to-drain
leakage current when the device is turned off due to its low
carrier concentration. Besides, the good uniformity can help
to ensure the device a stable electrical performance such as
a suitable Vy,.

4. Conclusions

A double-stacked channel structure has been developed
to improve the electrical performance of transparent flexi-
ble thin-film transistors using Al-doped ZnO as channel
materials. Compared with the single-layer device, the satu-
ration mobility is increased by an order of magnitude and
reaches 31.4cm?V's™, while the threshold voltage is 3.85V,
almost unchanged. The subthreshold swing decreases and is
0.33V/dec. The drain current on/off ratio is also enhanced
by about an order of magnitude and reaches up to about 108,
This improvement is achieved by combining a high-density
layer and a low-density layer as the active layer. Besides, it
doesn’t require a high-temperature annealing and is com-
patible with the process of thin-film transistors on flexible
substrates.
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