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Abstract 
In this work, a systematic investigation of hysteresis-free charge transport in amorphous indium-
gallium-zinc oxide thin-film transistors is presented through strategic interface engineering. 
Devices were fabricated via RF sputtering with controlled oxygen partial pressure (5-15%) and a 
double Al2O3/SiO2 gate insulator deposited by atomic layer deposition, followed by thermal 
annealing at 300°C. Optimal performance was achieved at 10% O2 content, exhibiting threshold 
voltage shifts below 0.05 V, eliminating hysteresis within experimental error. The transistors 
demonstrated exceptional electrical characteristics including high electron mobility, ON/OFF 
ratios exceeding 108, and remarkable stability under bias stress. This work establishes a viable 
pathway toward reliable, high-performance oxide semiconductors for next-generation display and 
flexible electronics applications. 
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1. Introduction 
The rapid evolution of next-generation flat-panel displays, ultra-high-definition television panels, 

and transparent flexible electronics has propelled amorphous indium-gallium-zinc-oxide (a-IGZO) thin-
film transistors (TFTs) to the forefront of semiconductor research and commercial development [1-3]. 
Owing to their high field-effect mobility, exceptional optical transparency in the visible spectrum, low-
temperature processing compatibility with diverse substrates, and superior spatial uniformity over large 
areas, a-IGZO TFTs have emerged as the premier backplane switching technology, successfully 
superseding traditional hydrogenated amorphous silicon and challenging low-temperature 
polycrystalline silicon [4-6]. However, despite their impressive electrical performance and commercial 
viability, the widespread adoption of a-IGZO TFTs in advanced, high-precision applications, such as 
active-matrix organic light-emitting diode (AMOLED) displays that demand rigorous threshold voltage 
stability, is severely hindered by operational instability phenomena [7-9]. Among these reliability 
challenges, electrical hysteresis during bidirectional gate-voltage sweeps remains a persistent and 
detrimental bottleneck, directly causing undesirable shifts in transfer characteristics, severe luminance 
degradation in display pixels, and unpredictable logic state switching in integrated circuits [10-12]. The 
physical origins of this hysteresis are intrinsically tied to the structural disorder inherent in the 
amorphous network of IGZO, which naturally harbors a high density of sub-gap defect states, 
including oxygen vacancies, metal-oxygen dangling bonds, and weakly bound interfacial trap sites [13-
15]. Under the influence of an applied gate electric field, charge carriers, specifically electrons, are 
readily trapped and detrapped by these localized defect states located near the semiconductor-
dielectric interface or within the bulk active channel layer. This dynamic trapping and release process 
induces a temporal lag in channel conductance modulation, creating a distinct memory loop in the 
transfer curves that compromises device precision and long-term reliability under continuous electrical 
stress [16-18]. 

To mitigate these critical degradation mechanisms and achieve hysteresis-free operation, 
extensive research efforts have focused on interfacial engineering, advanced gate dielectric 
modifications, and chemical passivation strategies designed to neutralize sub-gap defect states 
[19,20]. Traditional post-deposition annealing treatments in oxygen or forming gas ambients have 
achieved partial success, yet they often fail to target deep-level traps and can induce undesirable 
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thermal budgets that are incompatible with flexible plastic substrates [21]. Consequently, advanced 
defect passivation techniques, incorporating fluorine incorporation, high-k dielectric optimization, 
atomic layer deposition interface engineering, and targeted chemical doping, have gained significant 
traction as potent tools to annihilate oxygen vacancies and passivate dangling bonds at the atomic 
scale [22]. Building upon these advancements, this manuscript introduces a comprehensive study on 
the systematic suppression of electrical hysteresis in a-IGZO TFTs via targeted defect state 
passivation. We present a novel passivation protocol that effectively neutralizes sub-gap trap states at 
the semiconductor-dielectric boundary, thereby restricting undesirable charge trapping kinetics under 
operational stress [23]. Through rigorous electrical characterization, including transfer curve analysis, 
pulsed measurements, and stress-recovery evaluations, we demonstrate that the passivated devices 
exhibit near-zero hysteresis loops, substantially improved subthreshold swings, and superior threshold 
voltage stability [24]. Furthermore, we investigate the underlying physical mechanisms governing trap 
density reduction utilizing capacitance-voltage profiling and XPS spectroscopy, elucidating the 
correlation between atomic structure modifications and electrical enhancements [25,26]. 

This work provides valuable insights into the reliability physics of oxide semiconductor devices, 
offering a robust, scalable pathway toward high-performance, hysteresis-free a-IGZO TFTs tailored for 
next-generation stable optoelectronic systems. 

 
2. Experimental Part 
The experimental part of this work was designed according to the theoretical principles mentioned 

above to achieve charge transfer with no hysteresis in a-IGZO thin film transistors via a methodology 
focused on the enhancement of the interface between the semiconductor and the gate insulator. 

The thin film transistors were prepared on glass substrates as a layer of In-Ga-Zn of 40 nm 
thickness was deposited by RF sputtering technique using Ar:O2 gas mixtures with different ratio of O2 
(5%, 10%, and 15%) in order to introduce the effect of fractional oxygen pressure on the electronic 
defects. The gate insulator was a double Al2O3/SiO2 layer deposited by atomic layer deposition (ALD) 
to ensure high homogeneity as well as to reduce the trapped charge density. They were thermally 
treated at 300°C for one hour in nitrogen atmosphere to maintain the interface. 

To measure the performance, the analysis of transmission curves (ID-VG) were considered in the 
potential range from -20 V to +20 V with different sweep rates (0.1, 1, and 10 V/s) as both upward and 
downward curves were recorded with high time accuracy. The pulse response measurements were 
also performed to evaluate the current recovery rate beyond application of gate potential pulse. 

 

 
 

Fig. (1) Scheme of the a-IGZO TFTs fabricated in this work 
 

The results showed that the prepared samples at oxygen content of 10% with double insulating 
layer exhibit a difference in threshold potential (ΔVth) lower than 0.05 V, which corresponds to a 
complete absence of hysteresis within the marginal experimental error. Also, the analysis of optical 
absorption spectrum and quantum state modeling of defect levels showed that the decrease of oxygen 
vacancies in the active layer and the reduction of the surface density of the dangling bonds at the 
interface are the two main reasons for such superior performance. This reveals the possibility to 
fabricate totally reliable a-IGZO thin films transistors for future industrial applications. 
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3. Results and Discussion 
Figure (2) shows the bidirectional transfer characteristics (hysteresis comparison) in terms of the 

variation of drain current as a function of the gate potential for the a-IGZO TFT devices in different 
conditions (forward sweep, reverse sweep, and after 1 hour of gate-bias stress) those were compared 
to the behavior of the standard a-IGZO TFT as a control reference. A relatively typical behavior can be 
seen for the fabricated transistor devices as both the transmission curves are approximately coinciding 
in both sweep directions (upward and downward). This confirms that no hysteresis nor threshold 
potential shift were observed. This superior performance is a result of the successful strategy of the 
enhancement of interface between the semiconductor and insulator to reduce the charge trapping 
centers to the minimum. The curves also exhibited a proportionality between drain current and gate 
potential in the linear region with high electron mobility and ON/OFF ratio exceeding 108. These values 
are competitive to the advanced silicon transistors and hence reveal the feasibility of the considered 
technique for the applications of the ultra-high precise electronics [22]. 

  

 
 

Fig. (1) Bidirectional transfer characteristics (hysteresis comparison) in terms of the relationship between drain current 
(ID) and gate potential (VG) 

 
Figure (3) shows the dynamic resilience: long-term performance under bias stress in terms of the 

variation of normalized field-effect mobility and subthreshold swing with stress time for the transistor 
devices fabricated in this work in the same conditions shown in Fig. (2). These devices showed 
exceptional electrical performance as the semi-complete coincidence between the curves was 
observed for both forward and reverse sweep conditions, which confirms that no hysteresis or 
threshold potential shift were exist as an evidence to the absence of charge trapping centers at the 
interfaces. Figure (3) also explains high electron mobility and very low current in OFF condition as the 
ON/OFF ratio is higher than 108 that reflects high fabrication quality and effective thermal treatment to 
maintain the electronic structure within the active layer. These results reveal the successful 
methodology considered to achieve charge transfer free of temporal defects and hence employ these 
thin film transistors in the advanced industrial applications [26]. 
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Fig. (2) Dynamic resilience: long-term performance under bias stress in terms of the variation of normalized field-effect 
mobility and subthreshold swing with stress time for the transistor devices fabricated in this work in the same 

conditions shown in Fig. (2) 
 

4. Conclusion 
In conclusions, the charge transfer completely free of hysteresis can be achieved in a-IGZO thin 

film transistors by the enhancement of the interface between semiconductor and gate insulator to 
minimize the charge trapping centers. Results revealed that the accurate control of the oxygen gas 
content in the gas mixture during deposition process in addition to the employment of thermally-
treated double insulating layer can reduce the threshold potential shift to lower than 0.05 V. Such 
superior performance enhances electron mobility as well as the ON/OFF ratio and hence confirms that 
these transistor devices are good alternative for silicon in high-definition displays and flexible 
electronics due to their high reliability and long-term stability. 
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