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Abstract—In this study, the effect of the top gate insulator (TGI) 

deposition conditions on the electrical performance of dual-gate 

(DG) amorphous InSnZnO (ITZO) thin film transistors (TFTs) is 

experimentally investigated. It is found that compared to high-

temperature deposited TGI, the ITZO TFTs with lower-

temperature-deposited (100℃) Al2O3 TGI exhibited an improved 

electrical characteristic, including higher on/off ratio, lower 

subthreshold swing (SS), etc. Due to the low bonding energy, the 

Sn-O bond is easily broken during the high-temperature TGI 

deposition and then more oxygen vacancies generate, doping the 

ITZO channel failed to turn off in the switching operation of 

transistor. Based on these insights, high-performance DG ITZO 

TFTs are fabricated with optimized TGI, achieving a low sub-

threshold swing of 141 mV/decade, an ultrahigh on/off current 

ratio over 109, a high mobility (μ) of 60.8 cm2/V·s, a small threshold 

voltage shift (ΔVth) of 0.30 V under positive bias stress (5 V, 3600 

s) and a small threshold voltage shift of −0.82 V under negative 

bias stress (−5 V, 3600 s). 

 

Index Terms— In-Sn-Zn-O (ITZO), thin film transistors (TFTs). 

 

I. INTRODUCTION 

arge-scale smart sensor arrays play a vital role in modern 

electronic devices by enabling efficient, real-time data 

acquisition and analysis. These sensors detect various 

physical parameters, including temperature, humidity, pressure, 

light, and motion, converting analog signals into digital data for 

further processing. To drive and select these sensors, high-

performance thin-film transistors with low leakage current, 

high mobility and stability is essential, ensuring accurate signal 

detection and reliable operation across numerous sensors, 

where amorphous oxide semiconductors (AOSs) donates[1]-[3], 

including amorphous indium gallium zinc oxide (IGZO) and 

InSnZnO (ITZO) [4], [5]. For example, sensors driven by IGZO 

TFTs exhibit high sensitivity under various environments [4] 

But, the relative-low mobility of IGZO result in a smaller 

sensing margin. Compared with IGZO, ITZO exhibits higher 
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mobility because of larger electron transport path and smaller 

electron effective mass of Sn[7], [8]. In detail, ITZO achieves 

high mobility through several factors: (1) Sn-In 5s orbital 

hybridization broadening the conduction band (lowering m*), 

(2) Sn⁴⁺-induced carrier density enhancement without oxygen 

vacancies, and (3) Sn-driven medium-range ordered networks 

enabling smooth carrier transport, unlike IGZO’s disordered 

Ga-bonded structure. Thus, ITZO is capable of providing 

greater drive current to improve sensing margin and lower the 

operation voltage.  

However, achieving high stability in high mobility devices 

has always been an inherent challenge which is so called 

mobility-stability trade-off [14], [15]. To breakthrough this 

trade-off, applying dual-gate structure can be a promising 

solution by enhancing gate control. But, depositing high-quality 

top gate insulator (TGI) to achieve high-performance dual-gate 

(DG) ITZO thin film transistors (TFTs) remains challenging. 

The ITZO channel is sensitive to the introduction of defects and 

the generation of oxygen vacancies during the TGI deposition 

process, which may lead to degradation of device 

performance[16]. 

In this work, the transfer characteristics of DG ITZO TFTs 

with different TGI deposition conditions were investigated. 

TFTs with TGI deposited at 100℃ exhibit best electrical 

characteristics. High-performance DG ITZO TFTs are 

exhibited with a high mobility (μ) of 60.8 cm2/V·s, a small 

threshold voltage shift (ΔVth) of 0.30 V under positive bias 

stress (5 V, 3600 s), and a small threshold voltage shift of −0.82 

V under negative bias stress (−5 V, 3600 s). 

II. FABRICATION AND PERFORMANCE 

The device schematic and fabrication flow of the DG ITZO 

TFTs are shown in Fig. 1(a) and (b), respectively. 20 nm Mo is 

deposited by sputtering on SiO2 substrate as back gate electrode. 

Then, Al2O3 with a thickness of 20 nm is grown by atomic layer 

deposition (ALD) at 300℃, which process is based on the 
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sequential use of two chemical precursors: Trimethyl 

Aluminum (TMA) and water. After that, the active layer of 10 

nm ITZO channel is deposited by RF-sputtering at room 

temperature. The Ar: O2 flow was maintained with a ratio of 

12:1.5, keeping RF power fixed at 110 W. To define the channel 

area, ITZO layer was patterned by lift-off. Comparing to the 

common used etching process, lift-off process can avoid the 

impurities induced by the photoresist in the ITZO/TGI interface. 

Then depositing metals (10/30nm Ti/Au) by lift-off as 

S/D(Source/Drain) electrode. Top gate insulation layer of 20nm 

Al2O3 is successively grown by ALD at 100℃. Finally, top-gate 

metal (10/30 nm Ti/Au) is patterned and then lifted off to 

complete the device fabrication.  

The optical microscope and scanning electron microscope 

(SEM) images of DG ITZO TFTs are shown in Fig. 1(c), 

respectively. The X-ray photo-electron spectroscopy (XPS) 

analysis was carried out for a further understanding of 

constituent elements and chemical bindings of the 10-nm-thick 

ITZO film. Fig. 1(d) shows the XPS spectra of O 1s core-level 

electrons. The XPS analysis indicates that the ratio of In, Sn, 

and Zn is 12.1: 12.61: 5.5. The XPS spectra of the O 1s peak 

are divided into three peaks, attributed to M-O binding(71.20%), 

oxygen vacancies (VO) in the lattices(23.08%), and loosely 

bound oxygen impurities (OH-) (5.72%)[17]. 

III. RESULTS AND DISCUSSION 

In order to investigate the effects of TGI deposition 

conditions on the electrical performance of the ITZO TFTs, 

electrical measurements were carried out under ambient 

conditions. Fig. 2(a) shows the transfer curves of the ITZO 

TFTs fabricated with three different TGI deposition conditions, 

where the black and red curves are TGI of Al2O3 deposited by 

ALD at 200℃ and 100℃, respectively, while the brown curve 

is TGI of SiO2 deposited by Inductively Coupled Plasma 

Chemical Vapor Deposition (ICPCVD). The initial VON of 

ITZO TFT with TGI deposited at a high temperature of 200℃ 

(black curves, Fig. 2(a)) was more negative than other ones, 

suggesting that the carrier concentration in the ITZO channel is 

too high so that the device could not be switched off. When the 

deposition temperature of TGI was reduced to 140℃ (brown 

curves), the fabricated device could be turned off at a positive 

VGS, but shows relatively low electrical characteristics, such as 

reduced on current (ION) and large SS (over 400 mV/decade) 

(black curve in Fig. 2(b)). When the deposition temperature was 

further reduced to 100℃ (red curve, Fig. 2(a)), the performance 

of the device is further improved, achieving a low SS of 133 

mV/decade and a high on-off ratio of 108. 

 Based on the above experimental phenomena, we proposed 

the following mechanism explanation (Fig. 2(c)): The oxygen 

 
Fig. 2. (a) IDS-VGS curves of the BG ITZO TFTs with different top-gate 
dielectrics. (b) The extracted subthreshold swing of ITZO TFTs from (a). 

(c)Schematic diagram of degradation model.  

 
Fig. 3. Transfer curves of the (a) BG and (b) DG ITZO TFTs. The extracted 
subthreshold swing (c) and mobility (d) of BG and DG ITZO TFTs from (a) 

and (b). 

 
Fig. 1. (a) Device schematic and (b) key fabrication process flow of DG ITZO 

TFTs. (c) The optical microscope image and the SEM image of dual-gate 

ITZO TFTs. (d) The XPS spectra of ITZO film. 
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bonds in the ITZO channel, especially the Sn-O bonds with low 

bond energy, are easy to get broken during long-time heating in 

the deposition process, generating additional electrons (e-) and 

oxygen vacancies (VO) in the channel. This results in a 

significant increase in carrier concentration in the channel, 

which directly leads to the failure of the ITZO TFTs to turn off 

in the switching operation of transistor. Therefore, the ITZO 

TFT with TGI deposited at 100℃ exhibits superior 

performance. We noted that there did exist a trade-off between 

low/high temperature deposited of ITZO passivation, which is 

additional electrons and oxygen vacancies generating in high 

temperature and the undesired quality of thin films with low 

temperature. To address the trade-off, there are several factors 

as followed: (1) use Al₂O₃ as passivation material ,which is 

more compatible with low-temperature deposition processes 

due to the high reactivity of the aluminum source with the 

oxygen source, instead of high-k HfO₂; (2) Using post-

processing methods such as annealing to repair defects caused 

by low-temperature deposition. It should also be noted that low-

temperature ALD-deposited HfO₂ is not suitable as a 

passivation layer for ITZO TFTs, despite its higher dielectric 

constant with enhanced gate control due to the lower reactivity 

of the hafnium source, especially at low temperatures, making 

it more difficult to control the quality of the film. 

 
Fig. 4. Energy band diagrams and schematic TFT cross-sectional views of (a) 
and (b) single-gate driving of a single-gate TFT and (c) and (d) dual-gate 

driving of a dual-gate TFT with very thin-active layer.  

Subsequently, we utilized the optimized TGI deposition 

conditions to fabricate DG ITZO TFTs and conducted electrical 

characterizations. The transfer curves of ITZO TFTs in BG and 

DG mode are shown in Fig. 3(a) and Fig. 3(b), respectively. In 

DG mode, VGS is applied to both TG and BG, while VGS is only 

applied to BG in BG mode and TG is biased at the 0V. As 

shown in Fig. 3(c), the ITZO TFTs in DG mode exhibit higher 

mobility, reaching 60.8 cm2/V ·s, while the mobility of BG 

mode is 51.5 cm2/V · s, given that when BG and TG work 

together, the carrier transport is not dependent on interface 

states, but rather governed by bulk properties. In detail, dual-

 
Fig. 5. C-V characterization of dual-gate ITZO TFT (a) C-V characterization 

under different frequency in DG mode. (b) C-V characterization comparison in 

DG and BG mode. 

gate-driving results in the formation of bulk-accumulation 

effect.[23],[24] In the back-gate mode, VBG > 0 V induces an 

accumulation of electrons at the BGI/ITZO interface—forming 

a single channel (Fig. 4(a) and (b)). However, simultaneous 

driving of the two gates results in bending of the a-IGZO 

semiconductor at the up and bottom interfaces (Fig. 4(c) and 

(d)). When VTG = VBG, accumulation layers of conducting 

electrons form at the back and front interfaces, leading to the 

formation of two channels: one channel that is modulated by the 

BG and the other by the TG. The potential of the channel layer 

can be controlled more efficiently by dual-gate driving, because 

each gate only needs to raise the potential in the half depth of 

the channel layer, whereas the back-gate ITZO TFTs needs to 

raise the potential at the GI interface as the gate bias increases. 

Meanwhile, DG mode also has a lower subthreshold swing (SS) 

of 141 mV/decade, while the SS of BG mode is as high as 197 

mV/decade (Fig. 3(d)). We next further performed C-V 

measurements of the dual-gate ITZO TFT in both DG and BG 

mode. As shown in the Fig. 5, the accumulation capacitance of 

0.42 μF/cm2 (DG) and 0.28 μF/cm2 (BG) is realized at the gate 

voltage of 3V. The CET value is estimated to be 8.16 nm (DG) 

and 12.64 nm (BG) from the C-V curve fitting. The capacitor 

in the subthreshold region mainly come from the sum of the 

depleted channel capacitance and the overlap capacitance 

between the gates and the S/D electrodes[25]. Higher mobility 

in dual-gate ITZO TFTs result from the lower vertical electric 

field in the channel which can reduce the interface scatting at 

the interface between the channel and gate dielectric layer. The 

SS improves in dual-gate ITZO TFTs due to the high gate drive 

of bulk accumulation as described in Respond 1, which leads to 

fast filling-up of states as the Fermi level  moves toward the 

conduction band as the TFT switches from off-state to on-state. 

Note that the mobility μ and subthreshold SS is extracted 

following the formula: 

𝜇 =
𝐿𝐶𝐻

𝑊𝐶𝐻𝐶𝑂𝑋𝑉𝐷𝑆

𝑑𝐼𝐷𝑆
𝑑𝑉𝐺𝑆

 

and 

𝑆𝑆 =
𝑑𝑉𝐺𝑆

𝑑𝑙𝑜𝑔(𝐼𝐷𝑆)
 

where LCH/WCH is the channel length/width, COX the oxide 

capacitance. 

Besides mobility boosting, the fabricated DG ITZO TFT also 

exhibits an improvement in stability under positive/negative 

bias stress (PBS/NBS). Fig. 6 shows the time dependence of 
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transfer characteristics in DG and BG mode for the ITZO TFTs. 

At a positive or negative gate bias of ±5 V, the transfer curves 

were recorded at 0 s, 10 s, 100 s, 500 s, 1000 s, and 3600 s, 

respectively. It can be extracted from Fig. 4 that the negative 

shift of threshold voltage of DG and BG ITZO TFTs within 1 

hour is -0.82 V and -2.51 V respectively, while the positive shift 

of threshold voltage is 0.30 V and 3.18 V respectively. The 

threshold voltage is extracted following the formula:  

𝑉𝑇𝐻 = 𝑉𝐺𝑆@
𝑊𝐶𝐻

𝐿𝐶𝐻
∗ 100𝑝𝐴 

It is also known that these defects at the interface are 

responsible for the NBS/PBS instability. Compared to BG 

driving, more electrons accumulated in the bulk and the 

consequent reduction of scattering at the interface, results in a 

smaller VTH after NBS/PBS for DG driving. In detail, when bias 

stress is applied to just the bottom-gate, the generating carriers 

would be trapped at the BGI/ITZO interface with a larger 

vertical electrical field which is responsible for the VTH shifting 

after bias stress. But when bias stress is applied to both the 

top/bottom-gate (Dual-gate mode), less carrier trapped at the 

GI/ITZO interfaces because of the lower vertical electric field 

result in the better stability compare to bottom gate bias. 

IV. CONCLUSION 

In this experiment, we studied the TGI deposition conditions 

of ITZO TFTs and found that the Sn-O bond is easily broken 

by the heating process during TGI deposition, and then more 

oxygen vacancies generated. This caused an increase in carrier 

concentration, which directly resulted in the ITZO TFTs failing 

to turn off in the switching operation of transistor. Based on this 

understanding, a high-mobility and high-stability DG ITZO 

TFT was fabricated, which exhibits a SS of 141 mV/decade, an 

ultrahigh on/off current ratio over 109, a high mobility of 60.8 

cm2/V·s, a small ΔVth of 0.30 V under PBS (5 V, 3600 s) and a 

small ΔVth of −0.82 V under NBS (−5 V, 3600 s) which is 

shown in the benchmarking table among state-of-the-art ITZO 

TFTs (Table I). The device has great potential to be used in a 

variety of electronic devices, such as selective transistors of 

displays and sensors, etc.  

Table I 

 

 
Fig. 6. (a) NBS and (e) PBS test of BG ITZO TFT. (c) NBS and (d) PBS test 
of DG ITZO TFT.  

NBS

(V)

PBS

(V)

SS

(mV/dec)

μFE

(cm2V-1s-1)

On/off 

ratio

Trans 

Structure
Ref.

-1.50.6714052.4~2*108Back-Gate[9]

-1.10.4797.443.84~2*108Back-Gate[18]

-1.30.8~90~20~8*109Back-Gate[19]

N.A.*1.4924030.8*107Back-Gate[20]

N.A.N.A.70.234.03~7.6*108Back-Gate[21]

N.A.1.989244.26>1010Back-Gate[22]

-0.820.314160.8~109Dual-GateThis work
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