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In this paper, coplanar top-gate ZnInSnO-HfAlO (ZITO-HAO) thin film transistors (TFTs) with high performance are 

successfully fabricated by solution process. The stability of the devices  under positive stress and negative stress are 

investigated. The coplanar top-gate ZITO TFT devices show a high mobility of 32.8 cm
2
/V•s. All the ZITO TFT devices exhibit 

an excellent stability. Moreover, devices under the positive and negative stress recover their original characteristics after 

500s at room temperature in dark is also demonstrated. Generally, coplanar top-gate structure and the ZITO as the channel 

layer plays a dominant role in changing the performance of TFT devices. 
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1. Introduction 

 

Amorphous oxide th in film transistors (TFTs) have 

been recognized as promising candidates for 

next-generation d isplay industry due to various advantages 

[1]. Among these amorphous oxide TFTs, which are 

fabricated by solution process, have attracted much 

attention for its simplicity, low cost and high throughput, 

compared with costly vacuum-based techniques [2]. So  

far, oxide TFTs by solution process have been generally  

developed as a normal bottom-gate structure including 

etch-stopper (ES) structures and back channel etched 

(BCE) [3-4]. For the BCE structure, due to the poor 

chemical resistance of oxide semiconductors, the 

patterning process (either wet etching or dry etching) of 

the drain/source electrode unavoidably would induce over 

etching of the oxide semiconductors channel layer and/or 

damage/exposure of the back channel [5-6]. Besides, the 

TFTs adopting BCE structure without passivation would 

face the problem of instability, because the oxygen and 

water in air would be absorbed at the back channel [8-9]. 

Such issues may be solved by adding passivation layer or 

using the ES configurations. But, these methods 

undoubtedly require additional processes which may  

increase the cost and complexity and also limit the 

shrinking of the channel length [10]. Thus, in order to  

overcomed the above problems, the top-gate 

configurations are used.  The back channel of the 

top-gate structure would not be over etched or damaged. 

Furthermore, the gate insulator can also be served as the 

passivation for the oxide semiconductors [7]. Compared  

with the bottom gate TFTs, the top gate TFTs utilizing  

solution process might also face some problems. Since the 

active layer is spin-coated before the dielectric, the surface 

of amorphous oxide active layers would  be damaged by 

the acidic by-product which produced during formation of 

dielectric oxide layer using solution technique. And it is 

known that the performance and stability of these TFTs 

are decided by the gate dielectric and its interface with the 

channel material. Thus, the structures, materials and 

process conditions must be carefully studied before 

fabricating the top gate TFTs. To date, there are few 

reports on the coplanar top gate TFTs using solution 

technique, let alone study their stabilit ies. Therefore, it  is 

highly necessary to develop this meaningfu l top-gate oxide 

TFTs by solution technique.  

In this paper, we successfully fabricate 

solution-processed Zn-In-Sn-O (ZITO), Hf-Al-O (HAO) 

TFTs with coplanar top gate configurations. Special 

emphasis is given on understanding the electrical b ias 

stress effect mechanism for the solution-processed 

top-gate TFTs . 

 
 
2. Experimental 

 

A 0.3 M ZITO precursor was prepared by dissolving 

Zinc acetate dehydrate (Zn(CH3 COO)2·2H2O, Alfa Aesar, 

98%), indium ch loride (InCl3, Alfa Aesar, 98%) and tin  

chloride pentahydrate (SnCl4 •5H2O, SIGMA, 98%) in  

2-methoxyethanol. Monoethanolamine (MEA) as a 

stabilizing agent was added. The molar ratio of Zn :In :Sn  

was fixed at  1:4:4. To prepare HAO solution, hafn ium 

dichloride oxide octa-hydrate (HfCl2O·8H2O, Alfa Aesar, 

98%) and aluminum-tri-sec-butoxide (Al(OC4H9)3, Sigma 

Aldrich, 97%) were p repared in 2-methoxyethanol [10]. 

The coplanar top gate TFTs were fabricated as follows. 

Firstly, the synthesized ZITO solution was spin-coated at 
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3000 rpm for 45s on a g lass substrate (0.7 mm th ick, 

200mm×200mm), subsequently annealed at 310 
o
C for 1 h. 

Then, repeating the spin-coating and annealing o f ZITO 

layers twice to achieve a desired thickness (50 nm). Next , 

the active layer was patterned by using a wet-etch method 

with oxalic acid. After the patterning process of ZITO 

films, an ITO layer with a thickness of 50 nm was 

deposited on the ZITO thin film by sputtering and 

patterned by a wet-etch method with a mixture of 

phosphoric acid, acetic acid, n itric acid, and water to form 

source/drain electrodes. Subsequently, the HAO solution 

was spin-coated (45 s at 3000 rpm) and annealed (310 
o
C 

for 1 h), then the process was repeated five times to 

achieve dielectric layer approximately 130 nm. After the 

dielectric layer patterned via a wet-etch method with  

diluted hydrofluoric acid, a 50 nm ITO layer was 

deposited and patterned as gate electrodes. Finally, the 

TFTs were post-annealed at 500 
o
C for 2 hours. The 

channel width and channel length of the devices were 200 

and 20 um, respectively. The devices were tested using the 

Agilent 4155C Semiconductor Parameter Analyzer to  

obtain the transfer and output curves. Besides, all the bias 

stress measurements were carried out at room temperature 

in the dark. 

 
 
3. Results and discussion 
 

Fig. 1 (a) shows the typical transfer characteristics of 

as-fabricated ZITO-HAO TFTs. The threshold voltage (Vth) 

is extracted from ID-VG curves in the saturation region by 

plotting the square root of the drain current versus gate 

voltage. The saturation mobility (μsat) is calculated from 

the following equation: 

 

           𝐼𝐷𝑆 = (
𝜇𝑠𝑎𝑡 𝐶𝑖 𝑊

2𝐿
)(𝑉𝐺𝑆 − 𝑉𝑡ℎ )2         (1) 

where Ci, W, and L are the capacitance of the gate 

dielectrics per unit area, the channel width and the length 

of the TFT, respectively.  

The subthreshold swing is ext racted from the linear 

part of the log (IDS) versus VGS plot. The field-effect  

mobility is 32.8 cm
2
V

-1
s

-1
, the subthreshold swing is about 

213 mV/decade, the threshold voltage is 0.83V and the 

on-off drain current ratio (Ion/Ioff) of TFT device is 1×10
6
. 

Fig. 1 (b) shows the output ID-VD characteristics, with 

well-behaved current saturation. The output characteristics 

do not show current crowding at the beginning of the 

curve, which imply that the good ohmic contact between 

the source/drain electrodes and active layer. Besides, the 

series resistance at the source/drain contacts (RSD) 

calculated by the transfer-length method (TLM) is about 

4.6310
3
 Ω. 

 

a 

b 

 

Fig. 1. (a) Transfer characteristics and gate leakage current  

of the fabricated top-gate TFT. (b) Output characteristics of  

the fabricated top-gate TFT 

 

 

In Fig. 2, electrical-stability of the TFT devices are 

measured under the positive and negative bias stress for 

1000 s. Bias voltage imposed on gate, drain  and source 

during the PBS testing are (+1)/ (-1) V, 1 V, 0 V, 

respectively. The application of a positive bias stress 

results in the displacement of the transfer curves in the 

positive direction with little  change in  μsat, SS and the 

Ion/Ioff ratio. While, for the negative gate bias stress, it is 

observed that a negative shift in the threshold voltage 

without changing the subthreshold swing. Generally, there 

are two  mechanis ms causing instability: one is the defect  

creation in  the channel and the other is the charge trapping  

between the gate dielectric and the active layer [11]. In  

addition, SS is dependent on the trap density in the active 

layers and at the active/insulator interface. The observed 

changes in the SS both under PBS and NBS are negligible, 

which indicate that no additional defects created in the 

channel region. 

Research has also found that the metal oxides are 

surface sensitive to molecu les in the ambient atmosphere 

[12]. For the BCE structure TFTs, the variation of VTH can 

be partly attributed to oxygen or water 

absorption/desorption at back channel [12]. Hong et al. has 

reported that the desorbed/absorbed moisture or oxygen 

gas leaves the free electrons in the channel layers, which 

cause the negative VTH shift of the resulting devices. 

However, these possible reasons exp lain ing the instability  

in the bottom gate TFTs without passivation do not work 
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well in the top-gate TFTs. Because, in the case of top-gate 

TFTs, the active layers are p rotected by the insulator layers. 

Therefore, there must be other mechanisms responsible for 

the electrical instabilities for the top-gate TFTs. 

 

 

 

Fig. 2. Evolution of the transfer curve measured with  

(a) positive bias stress. (b) negative bias stress 

 

 

It is known to all that the solution-processed 

amorphous oxide semiconductors (AOS) have inherently  

rich defect states, such as oxygen vacancies, metal 

vacancies and the like [13]. From the previous work, large 

number of oxygen vacancies have been found in the ZITO 

films [10]. In addition, donor-like and accept-like states 

exist at the dielectric/channel interface in other AOS TFTs 

[14-15]. So, it is deduced that the acceptor-like 

(oxygen-related and positive metal-ion-related) or 

donor-like (oxygen vacancy-related) defects act as the 

major trap sites resulting in  the instabilities during the b ias 

stress. These two defect mechanisms act in opposition, 

according to the results that shown in Fig. 2. 

Fig. 3 shows the approximate energy diagrams  under 

PBS and NBS. The energy level of acceptor-like states is 

reported at 1 eV below the conduction band edge [16]. The 

donor-like states sit at 2.3 eV in ZnO-based metal oxide 

TFTs [17]. The optical bang gap (Eg) is ext racted by fitting  

the sharp absorption edge of the transmittance and 

calculated about 3.58 eV. The Fermi level (EF) is 

calculated by the equation: 

 

            𝑛0 = 𝑁𝑐 exp [−(𝐸𝑐 − 𝐸𝐹 )/𝑘𝑇}]         (2)  

 

where Ec  is the minimum conduction band energy, k is the 

Boltzmann constant, T is the Kelvin temperature. Besides, 

Nc (simulated as ~10
22

/cm
3
) and no (~10

16
/cm

3
 defined by 

Hall measurement) are the effective density of states and 

the carrier concentration in the conduction band, 

respectively. The Fermi level is calculated at ~ 0.36 eV. 

The accumulated electrons near the dielectric interface are 

trapped by shallow acceptor-like t rap states that are 

oxygen-related defect states [18], which results in the 

positive shift of the transfer curves. While it is believed 

that the electron-detrapping from these donor-like states 

(which are neutral when occupied and positive when 

empty) is responsible for the negative shift under NBS. In  

general, the neutral donor-like states have energies below 

the EF. When negative voltage is applied to the gate 

electrode, the energy levels of trap  states raise, resulting in  

the electron-detrapping from the neutral donor-like states. 

The electrons enter the channel and the threshold voltage 

VTH decreases [17]. It is learned that both the instabilit ies 

under PBS/NBS are resulted from charge 

trapping/detrapping at the interface and in the ZITO 

channel. 

 

 

Fig. 3. Energy band diagrams under (a) positive and (b) negative bias stresses 
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To verify the above deduction, we also study the 

phenomenon of recovery for the devices. As seen in Fig. 4, 

the devices under tests recover their original performance 

after approximately 500s. The fact e xhib its that these 

devices recover their original characteristics after a period  

of relaxation, without the need of any bias or thermal 

annealing, supports the idea that temporary interface 

charge trapping/detrapping may be cause the instability of 

device under these particular bias conditions. 

 

 

 

 

Fig. 4. The recovery of tested TFTs under (a) PBS 

 and (b) NBS as a function of the relaxation time 

 

 

4. Conclusion 
 

In this paper, we successfully fabricated coplanar 

top-gate Zn-In-Sn-O (ZITO) thin-film transistors (TFTs) 

by sol-gel spin-coating method. The application of a 

positive bias stress results in the displacement of the 

transfer curves in the positive direction. For the negative 

gate bias stress, a negative shift in the threshold voltage is 

observed. The device under bias stress spontaneously 

recovered their original characteristics after a period of 

relaxation of 500 s at room temperature, without the aid of 

any thermal or bias annealing. These results indicate that 

the device instability may  be resulted from temporary  

charge trapping/detrapping at the channel/insulator 

interface. In  summary, coplanar top-gate ZITO thin -film 

transistors can be fabricated by solution process and it is a 

promising candidate structure and channel material for 

next generation TFTs applications. 
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