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Abstract  

This work investigates the influence of the Reactive Gas Pulsing Process (RGPP) on the 

structural, electrical, and device-level performance of SnOx thin-film transistors (TFTs). Both 

n-type and p-type SnOx films were fabricated using DC sputtering under varied oxygen pulsing 

durations (8 s, 12 s, and 20 s). Structural and morphological properties were analyzed using X-

ray diffraction (XRD) and Scanning Electron Microscopy (SEM), while Hall Effect 

measurements were employed to extract electrical parameters including resistivity, carrier 

mobility, and concentration. The RGPP enabled modulation of the oxygen stoichiometry and 

consequently the conductivity type and electrical behavior of the films. These experimentally 

extracted parameters were used as input data for numerical TCAD simulations of SnOx-based 

TFTs using Silvaco simulator tool. The simulations confirmed that optimal RGPP conditions 

(12 s) lead to enhanced electrical performance, including a high ON current and low OFF 

current, yielding an ON/OFF current ratio of ~176 dB. Band alignment diagrams further support 

the observed electronic conduction behavior as a function of pulse duration. These findings 

highlight the potential of RGPP for tuning SnOx properties, paving the way for its application 

in flexible and cost-effective electronic systems. 
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1. Introduction  

During the last few years, flexible electronics have triggered a great deal of attention due to 

the growing demand for natural contact between humans and technological devices [1-5]. Thin-

film flexible technology, combined with wireless devices open up new pathways for caring out 

real-time, continuous, and effective biometric signals [5]. Thin-film transistors (TFTs) are 

considered as key component in flexible electronics, which can be used as sensors or 

incorporated in integrated circuits for signal detection applications [4-5]. This is mainly due to 

their fascinating characteristics including high carrier mobility, tunable carrier concentration 

and conductivity, ability for low thermal budget, less processing complexity, and cost-effective 

elaboration [5].  

Recently, amorphous metal oxide semiconductors such as IGZO, ZnO, ZnSnO, CuO2 and 

SnO2 are widely used as active films for TFT devices, which are widely exploited in various 

applications including storage memory, logic circuits and wearable electronics. This is mainly 

due to their flexibility, high transparency, good electron mobility, and improved surface 

properties [4-8]. Particularly, indium-based metal oxide materials like IGZO and IZO have been 

extensively used for TFTs, offering a high carrier mobility that exceeds 10 cm2/Vs [7]. In 

addition to widely studied amorphous oxide semiconductors, recent studies have highlighted 

other promising materials, including Ga₂O₃, Ga₂O₃/TeO₂ bilayers, In-doped Ga₂O₃, porous 

SnO₂ structures, and ZnO/SnO₂ heterojunctions. These materials exhibit favorable 

optoelectronic and structural properties, making them attractive candidates for next-generation 

thin-film transistors and sensing applications [8], [9]. Incorporating such diverse materials 

expands the design space for optimizing performance and process compatibility in amorphous 

oxide-based devices. Despite these advantages, the demand for alternative Critical Raw 

Materials (CRM)-free based-devices prevent the deployment of IGZO-based TFT devices in 

various electronic applications. For this reason, researchers have turned out towards exploring 
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alternative metal oxide materials as active layers like SnO2 and ZnO [6-8]. However, TFTs 

based on CRM-free metal oxides face several challenges involving the low derived current 

capability, poor resistive behavior and degraded switching characteristics. These issues are 

mainly related to the low carrier mobility and the high resistivity associated with CRM-free 

metal oxide thin-films, thus limiting the performance of the devices. On the other hand, 

electronic circuits based on TFT compounds are commonly composed of only n-type devices, 

where the developed p-type thin-film transistors still exhibit degraded electrical performances 

[8-11]. This is mainly correlated with the scarcity of appropriate p-type CRM-free metal oxides, 

reduced carrier mobility, degraded structural characteristics and processing complexity. 

Particularly, various p-type metal oxide semiconducting materials such as CuO, NiO, doped-

CuO, CuSCN and SnO compounds have been widely investigated for the development of p-

type conductivity TFT devices [12-14]. However, the recorded electrical performances of these 

p-type-based TFT devices are still far from the performance level of their counterpart based on 

n-type metal oxides. Consequently, it seems crucial to develop high-performance n-type and p-

type TFT devices based on CRM-free materials. Following this direction, research efforts have 

been paid to SnO as alternative CRM-free material for enhancing the electrical performances 

of TFT devices. This is mainly due to its low elaboration cost, good electrical properties, tunable 

n-type and p-type conductivity [15-17]. However, the recorded electrical performances are still 

far from the expectation and new strategies are required to develop high-performance TFT 

devices for advanced electronic systems. Therefore, the development of new efficient CRM-

free TFT structures is becoming a research trend to overcome these limitations and promote 

new opportunities for the development of the complementary integrated circuit based on p-type 

and n-type and oxide TFTs.  

The growing demand for high-performance, low-cost, and flexible electronic devices has 

intensified research into oxide semiconductor-based thin-film transistors (TFTs), particularly 
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those utilizing environmentally friendly materials such as tin oxide (SnOx) [15-18]. However, 

conventional deposition techniques often lack the precision required to control the electrical 

conductivity type and stoichiometry of SnOx, both of which are critical for optimizing device 

performance. This study is motivated by the need for more adaptable and controllable 

fabrication strategies that enable precise tailoring of material properties. In this regard, we 

introduce the Reactive Gas Pulsing Process (RGPP) during DC sputtering as an innovative 

approach to engineer the structural and electrical characteristics of both n-type and p-type SnOx 

thin films. Unlike traditional methods, RGPP allows real-time modulation of oxygen partial 

pressure during deposition, offering fine control over the resulting conductivity type. To the 

best of our knowledge, this is the first comprehensive investigation that combines experimental 

techniques and TCAD-based simulation to evaluate the effects of RGPP on SnOx -based TFTs. 

Our integrated methodology provides a detailed understanding of how deposition parameters 

influence the physical and electrical behavior of the material and devices, confirming the 

potential of RGPP for the realization of next-generation flexible oxide electronics. Recent 

studies [17–19] have shown that RGPP is capable of modulating not only the oxygen content 

but also the conductivity type of various metal oxide semiconductors. This promising capability 

can be leveraged to develop both p-type and n-type SnOx -based TFTs. In this work, we explore 

the impact of controlled oxygen pulsing on the structural, surface morphological, and electrical 

properties of SnOx thin films. SnOx layers were deposited via DC sputtering using three distinct 

oxygen pulsing durations (8 s, 12 s, and 20 s). Structural and surface characterizations were 

carried out using X-ray diffraction (XRD) and scanning electron microscopy (SEM), while Hall 

Effect measurements were employed to extract key electrical parameters including resistivity, 

carrier mobility, and carrier concentration. The elaborated SnOx thin films were subsequently 

integrated as active layers in TFT devices, and their electrical performances were evaluated 

using rigorous TCAD simulations. The results demonstrate that the RGPP method enables 
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precise tuning of the film properties, significantly enhancing device performance. This confirms 

the suitability of oxygen-controlled pulsing as a reliable and scalable approach for fabricating 

high-performance TFTs, particularly for applications in flexible and low-power electronic 

systems. 

2. Growth and analysis of SnOx TFT 

2.1. SnOx thin-film deposition and characterization  

 SnOx thin-films were deposited on glass substrates via combined DC sputtering and RGPP 

technique. This elaboration method is chosen for its ability for depositing high quality films 

with improved homogeneity, tunable film thickness and oxygen concentration. The sputtering 

process was carried out in 40 L vacuum chamber. The pulsing time associated with RGPP 

process is fixed at 8 s, 12 s and 20 s to elaborate SnOx thin-films with n-type and p-type 

conductivity [17] and [19-21]. In this context, Fig.1 (a) shows a schematic description of RGPP 

method representing oxygen mass flow rate versus deposition time. We can notice that a pulsing 

signal with respect to the deposition time was used. The RGPP ON and OFF times (tON and 

tOFF) are illustrated in the figure, corresponding to the oxygen pulsing of the rectangular signal 

under consideration. Here, P represents the pulsing period, and α denotes the duty cycle, defined 

as α = tON/P. During the deposition process, P was maintained at 20 seconds, while α was 

adjusted between 0% and 100% of P, allowing a gradual change in α. The maximum and 

minimum oxygen flow rates were set at 2.4 sccm and 0 sccm during the tON and tOFF times, 

respectively. To maintain consistent film growth conditions, the total deposition time was fixed 

at 30 minutes for all samples. The reactive gas pulsing process (RGPP) was implemented by 

varying the oxygen pulse duration (ton), while keeping the pulsing period (P = ton + toff) 

constant at 20 seconds. Accordingly, the toff values were set to 12 s, 8 s, and 0 s for ton values 

of 8 s, 12 s, and 20 s, respectively. This corresponds to duty cycles (α = ton / P) of 40%, 60%, 

and 100%. These conditions allowed systematic control of oxygen stoichiometry during the 
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deposition process and enabled a direct investigation of its influence on the physical and 

electrical properties of the SnOₓ thin films. The effects of oxygen controlled pulsing process on 

the structural and surface morphology characteristics were studied via appropriate 

characterization techniques such as XRD and SEM imaging. The elemental compositions of the 

elaborated SnOx thin-films via oxygen controlled pulsing process were extracted using energy-

dispersive spectroscopy (EDS). In addition, the electrical properties of the elaborated SnOx 

samples using RGPP method were extracted by carrying out Hall-effect measurements at room 

temperature. The idea behind the latter technique dwells in considering four metallic points 

aligned with the surface in contact with the prepared samples and then applying a current 

between two points and getting the associated voltage at the internal terminals. This technique 

enables estimating the film electrical parameters namely resistivity, carrier concentration, 

mobility and allows us to determine the conductive type of the prepared Snob thin-films.    

2.2. SnOx TFT structure and analysis 

To evaluate the impact of pulsed oxygen flow on the device performance, a calibrated TCAD 

simulation was performed using SILVACO software [22]. In this context, the electrical 

properties of the developed SnOx thin-films with n-type and p-type conductivities are 

implemented in SILVACO software to analyze the performance of the SnOx TFT device [22-

23]. The electrical parameters (resistivity, mobility, carrier concentration) extracted from Hall 

Effect measurements were implemented into the TCAD model to reproduce the characteristics 

of SnOx-based TFTs. Unlike conventional studies that simulate IGZO-based devices, our 

simulations are exclusively based on SnOx I-V characteristics under various pulsing durations. 

In the model, a staggered bottom-gate TFT architecture was considered, and material 

parameters such as effective density of states, bandgap, and defect states were tailored based 

on experimental findings and literature values specific to SnOx. For this purpose, we employed 

this software to solve the fundamental semiconductor equations namely the Poisson equation 
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and the continuity equations, using numerical differentiation and iteration method. These 

equations can be expressed as follows: 

𝑑𝑖𝑣(𝜀∇𝜓) = −𝜌              (1)  

with 𝜌 = 𝑞(𝑝 − 𝑛 + 𝑁௔) 

ଵ

௤
𝑑𝑖 𝑣(𝚥௡ሬሬሬ⃗ ) − 𝑅௡ + 𝐺௡ = 0                           (2) 

−
ଵ

௤
𝑑𝑖 𝑣൫𝚥௣ሬሬሬ⃗ ൯ − 𝑅௣ + 𝐺௣ = 0             (3) 

where ε signifies the absolute permittivity, 𝜓 represents the electrostatic potential. The net 

charge density, ρ is related to the P-type Si channel doping concentration (Na) and the carrier 

densities of free electrons (n) and holes (p). Furthermore, Jn and Jp represent the current 

densities of electrons and holes, respectively. Gn and Gp denote the rates of generation, while 

Rn and Rp are the corresponding recombination rates. 

Fig.1b shows its structure. The active layer is suggested with p-type and n-type SnOx films. The 

latter can be elaborated using RGPP process, where tuning the oxygen concentration allows 

modulating the conductive behavior of SnOx thin-film. A tree-terminal SnOx TFT is considered 

using SiO2 material as a gate oxide, where L is the channel length, dSnOx and dSiO2 are 

respectively the channel and gate oxide thicknesses. The geometrical parameters of the 

analyzed SnOx long-channel TFT devices are L=100 µm, dSnOx=20 nm and dSiO2=80 nm. To 

assess the accurateness of the developed model, the Ids-Vgs characteristic of IGZO TFT obtained 

from the numerical investigation is compared and validated using experimental data provided 

in [24], as shown in Fig. 2. It can be seen that the developed numerical model can reproduce 

the experimental data, indicating the good accuracy of the model. It is important to note that 

the present work focused on a single TFT channel length to isolate the impact of the RGPP 

process on the intrinsic material properties of SnOx. However, we acknowledge that device 

geometry significantly influences electrical performance parameters such as mobility, threshold 

voltage, and subthreshold swing. As a future direction, the proposed model can be extended by 
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investigating TFTs with varied channel lengths and widths to assess geometry-dependent 

behavior and validate the scalability and reproducibility of the approach. Additionally, complex 

phenomena such as short-channel effects, quantum confinement and tunnel effects should be 

taken into consideration.  

The numerical model used in this work was calibrated using experimental data from IGZO-

based TFTs, which exhibit similar amorphous oxide behavior and charge transport mechanisms. 

This benchmarking approach provides a solid foundation for simulating SnOₓ TFT 

characteristics under varying oxygen conditions. However, due to current fabrication 

constraints, experimental characteristics of SnOₓ-based TFTs are not yet available for direct 

validation. Future work will focus on fabricating and characterizing SnOₓ TFT devices to 

directly compare simulated and measured data. This step is essential to further confirm the 

model's accuracy and establish its predictive power for optimizing SnOₓ device architectures. 
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(b) 

Figure.1: (a) Schematic description of RGPP process representing oxygen mass flow rate 

versus time (b) 3D-Schema of the investigated SnOx thin-film transistor device. 
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Figure.2: Ids-Vgs characteristics of IGZO TFT numerical data and experimental ones. 

3. Results and discussions 

 XRD measurements were performed for the elaborated samples to assess their structural 

properties. The obtained XRD patterns associated with the deposited SnOx thin-films using 

various oxygen pulsing times in RGPP technique are shown in Fig. 3. The figure confirms that 
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the thin-film fabricated with tON = 0 s corresponds to the metallic growth mode of the RGPP 

technique, where the XRD pattern shows diffraction peaks of tetragonal tin material. In this 

deposition condition, we completely stopped the oxygen mass flow rate, thus leading to the 

sputtering of Sn metal at tON = 0 s [25]. On the other hand, the oxygen pulsing time increase 

leads to amorphous states for the elaborated SnOx thin films, as proved by the absence of 

diffraction peaks in the corresponding XRD patterns. This is mainly due to the effect of oxygen, 

which disrupts the growth of crystalline phases in the SnOx thin films. Furthermore, RGPP 

technique is basically related to the periodic injection of oxygen gas, which can in turn disturb 

the development of metal oxide material alloys on the target surface [25-26].  
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Figure.3: X-ray diffraction patterns of the prepared SnOx samples using different tON times of 

8 s, 12 s and 20 s during the RGPP. 
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 The morphological characteristics of the SnOx films, produced via combined RGPP and 

DC-sputtering growth methods, are investigated through performing SEM characterizations. 

Accordingly, Fig.4 presents high-magnification surface micrographs of the elaborated SnOx 

thin films using RGPP process at dissimilar pulsing times of (a) tON =8 s , (b) tON =12 s and (c) 

tON = 20 s. On the other hand, Fig.4 (d) shows the cross-section SEM image of the prepared 

SnOx thin-film at tON = 20 s. Fig. 4 (a), (b) and (c) show that granulated surface properties are 

obtained as the oxygen pulsing increases and the grains become more spherical and smaller 

with tON increase. In addition, the sample prepared at the oxidation growth mode shows a 

smoother surface. Extended ON-time results in a smoother and denser film, as depicted in Fig. 

4 (c) and (d) at the same SEM magnification. Increasing the duty cycle (α > 80% of P) favors 

the oxidation sputtering mode [26], which reduces the deposition rate and stabilizes the oxygen 

concentration. The use of high duty cycle leads also to the formation of oxygen-rich SnOx films, 

indicating that the oxidation sputtering mode is predominant under these elaboration conditions. 

Therefore, the sputtered Sn particles oxidize rapidly, forming Sn−O bonds and producing 

typical amorphous SnOx thin films, as it is abovementioned (Fig. 3). Cross-sectional SEM 

image presented in Fig.4 (d) reveals that high oxygen pulsing time leads to the formation of 

homogeneous SnOx thin-films.  To support the claim that oxygen content in the SnOx thin-films 

increases when high oxygen pulsing times are considered, an EDS analysis was performed to 

verify the presence of Sn and O elements in the sputtered Snob samples using RGPP method. 

The chemical compositions of the prepared thin-films are summarized in Table. 1. The EDS 

results closely agree with the SEM characterizations, showing that the oxygen level increases 

with rising the oxygen injection time. In this context, high oxygen concentration of 83 at.% is 

achieved for the prepared sample at tON=20 s, indicating the successful elaboration of oxygen-

rich SnOx thin-film. On the other hand, the tin concentration is found to be high as compared 
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to the oxygen level for low duty cycles. Importantly, no other elements were detected, 

signifying the high quality of the SnOx thin-films. 

 

  

 

Figure.4: (a), (b) and (c) Top surface SEM images of SnOx thin-layers deposited at various 

tON values of 8 s, 12 s and 20 s, respectively. (d) Cross-sectional micrograph of SnOx thin-film 

fabricated using 20 s of oxygen injection time.   for oxygen pulsing time of 8 s and with 

incident angles of (c) α = 0° and (d) α = 80°. The same scale bar of 1 µm is used for the 

performed top surface SEM micrographs. 

Table.1: Elemental composition extracted from EDS characterizations of the elaborated SnOx 

using different tON periods of 8 s, 12 s and 20 s during the RGPP technique. 

Element Elaborated SnOx thin-films at  
t=8 s  t=12 s  t=20 s  

Sn 47.96 wt.% 22.53 wt.% 16.95 wt.% 

O 52.04 wt.% 77.47 wt.% 83.05 wt.% 

The evolution toward an amorphous structure in SnOₓ films with increasing tON is closely 

related to the enhanced oxygen content, as evidenced by EDS analysis. Higher oxygen 

(a) (b) 

(c) 
(d) 

d=31 nm 
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incorporation can lead to the formation of non-stoichiometric defects and increased disorder 

within the Sn–O bonding network, thus disrupting crystallinity. This phenomenon has also been 

observed in other oxide systems under oxygen-rich conditions [27]. While SEM images 

qualitatively suggest grain refinement and improved film uniformity with increasing ton, we 

acknowledge that the absence of quantitative grain size analysis and surface roughness 

measurements limits a more rigorous assessment. Due to current experimental constraints, such 

characterizations could not be performed in this study. However, these aspects will be addressed 

in future work to further validate the trends observed and to provide a more comprehensive 

understanding of the structural evolution of SnOₓ thin films under reactive gas pulsing 

conditions.  

To gain a deep insight regarding the electronic characteristics of the developed SnOx thin-films 

at various oxygen injection periods, the band gap (Eg) of the prepared samples is extracted from 

Tauc plots provided in Fig.5. Observing this figure, Eg increases with tON increase, reaching a 

maximum of approximately Eg=3.59 eV, which correlates with the band gap value of SnO2 

compound [27]. On the other hand, the prepared thin-film using tON=8 s shows lower band gap 

value of 2.56 eV. The latter value is very close to that found in recently published works [28-

30]. The increase in the band gap is attributed to the higher oxygen content in the SnOx thin-

film as confirmed by the EDS measurements. This reduces the density of oxygen vacancies in 

the over-stoichiometric SnO2 film, leading to the band gap increase.   
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Figure.5: Tauc plots of the elaborated tin oxide thin-layers using different tON values of 8 s, 

12 s and 20 s. 

 

 In order to investigate the electrical properties of the prepared SnOx thin-films using 

dissimilar pulsing times of RGPP method, Hall measurements were carried out for the 

elaborated SnOx-based samples at dissimilar oxygen injection periods. In this framework, the 

variation in electrical performance of SnOx TFTs with respect to oxygen pulsing duration can 

be attributed to the modulation of oxygen vacancy concentration and its impact on carrier 

transport. Shorter pulsing durations (e.g., 8 s) result in relatively oxygen-deficient films, leading 

to an abundance of oxygen vacancies that act as shallow donors, thereby enhancing n-type 

conductivity. Conversely, longer pulsing durations (e.g., 20 s) favor oxygen-rich conditions, 

reducing vacancy concentration and promoting the formation of acceptor-like defects, which 

can suppress electron mobility or induce p-type behavior. At the optimal pulsing duration of 12 

s, a balanced oxygen stoichiometry is achieved, minimizing both excessive donor or acceptor 
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defects and enhancing the crystalline quality and carrier mobility. This explains the superior 

ON current and ON/OFF current ratio observed under this condition. These trends are further 

supported by band alignment analysis and Hall measurement data, which confirm the strong 

correlation between reactive gas modulation, defect states, and device-level electrical 

performance. Moreover, the associated electrical parameters at room temperature namely 

electrical conductivity, carrier concentration, carrier mobility and conductive type of the 

elaborated thin-films are summarized in Table. 2. It can be demonstrated from this table that 

the elaborated SnOx film at 8 s of pulsing time shows p-type semiconducting behavior with a 

high carrier mobility of 12 cm2/V.s. On the other hand, the elaborated sample using a pulsing 

time of tON = 12 s exhibits n-type conductivity with a favorable carrier mobility of 11 cm2/V.s, 

low resistivity of 8.5 Ω.cm and carrier concentration of 1.2×1016 cm-3. This indicates the ability 

of combined RGPP and DC sputtering technique for the elaboration of high electrical 

performance SnOx thin-films with tunable semiconducting conductive type. This behavior is 

mainly correlated with the variation of the oxygen concentration in the film when RGPP with 

controllable oxygen injection time is considered. In other words, long pulsing time leads to 

increase the oxygen level in the film, allowing the formation of n-type semiconductor. 

Therefore, the obtained conductive behavior of the prepared SnOx films indicates their potential 

use as active layers in n-TFT and p-TFT devices. For this reason, the electrical parameters of 

the fabricated SnOx thin-films using RGPP process are implemented in SnOx TFT devices and 

then analyzed. In this context, Fig.6 shows Ids-Vgs characteristics associated with the 

investigated TFT devices based on SnOx active layers realized at 8 s and 12 s oxygen injection 

times compared to that of the conventional TFT device. This figure shows that the analyzed 

SnOx-based devices show an enhanced derived current as compared to traditional TFT device. 

This is mainly related to the high carrier mobility offered by the elaborated SnOx thin-films 

using combined RGPP and DC sputtering techniques. The proposed TFT device based on n-
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type SnOx elaborated using RGPP shows a threshold voltage shift to positive voltages. This 

shift can be attributed to the high carrier concentration associated with the developed film at 12 

s of pulsing time. In addition, a low off-state current is achieved due to the good resistive 

behavior of the prepared films with varied oxygen content. The investigated p-SnOx TFT device 

exhibits a very low off-state current and high ON current, indicating its high electrical 

performances as compared to the conventional device.  
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Figure.6: Ids-Vgs characteristics of the proposed TFT devices based on n-type and p-type 

SnOx compared to the conventional SnO2-based device. 

 

Table.2:  Electrical properties of the DC-sputtered SnOx thin-films. 

 

Electrical properties 
SnOx thin-films elaborated at the 
oxygen injection time of 
t=8 s t=12 s t=20 s 

Resistivity [Ω.cm] 10, 7 8.5 4.5 
Carrier Concentration [cm-3] 2.1×1016 1.2×1016 2.5×1016 
Carrier Mobility [cm2/V.s] 11.7 11 3.4 
Conduction type p-type n-type n-type 
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The transition from p-type to n-type conductivity observed in the Hall Effect measurements can 

be directly linked to the variation in oxygen stoichiometry induced by the reactive gas pulsing 

process. Under oxygen-rich conditions (short tON), the formation of acceptor-like defects such 

as tin vacancies and interstitial oxygen is favored, which introduces holes and results in p-type 

conductivity. As tON increases, the oxygen incorporation becomes more significant, eventually 

saturating the available defect sites and reducing the concentration of acceptor states. 

Simultaneously, oxygen vacancies, which act as shallow donor states, begin to dominate, thus 

shifting the conductivity to n-type. This transition is also reflected in the observed changes in 

carrier mobility and resistivity. The increase in carrier concentration associated with donor-like 

defects improves conductivity, while the disorder introduced by excessive oxygen may scatter 

carriers, affecting mobility. The combined influence of these competing factors determines the 

overall electrical behavior of the SnOₓ films and highlights the critical role of oxygen 

stoichiometry in tuning their electronic properties. 

To further assess the electrical performance of the proposed TFT devices based on SnOx thin-

layers with p-type and n-type  conduction properties, Table.3 recapitulates the electrical 

performances of the proposed TFT devices based on the prepared p-type and n-type SnOx thin-

films compared with that of recently published works using various metal oxide material 

building blocks  [31-39]. It can be demonstrated from this table that the proposed TFT devices 

based on SnOx thin-films elaborated using RGPP method outperforms greatly the other n-TFT 

devices in terms of electrical performances, offering a high ON-to-OFF current ratio of 207 dB 

and a low OFF state current of 5×10-4  nA. In addition, the elaborated p-type SnOx thin-film 

provides the possibility for designing high performance TFT device, showing a superior 

ION/IOFF ratio of 220 dB and a low noise current of 1.1×10-4  nA. The obtained electrical 

performances are higher than that of conventional p-TFT devices based on various p-type metal 

oxide materials. Therefore, we believed that the use of combined RGPP and DC sputtering 
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technique could open up new pathways for the elaboration of high-performance TFT devices 

with tunable conduction type, which are highly suitable for flexible electronic applications. It 

is worth noting that the comparative analysis between the proposed SnOₓ TFTs and other 

reported metal oxide-based TFTs highlights general performance trends. However, certain key 

parameters, such as the subthreshold swing (SS), are not reported in some of the referenced 

studies. These entries have been marked as “N/A” (Not Available) in the table to ensure 

transparency. Despite this limitation, the available data allow for a meaningful evaluation of 

device behavior, particularly regarding OFF-current and ON/OFF current ratio. While the 

present investigation has successfully demonstrated the influence of the reactive gas pulsing 

process (RGPP) on the structural and electrical performance of SnOx-based TFTs, further 

studies are needed to assess the long-term stability and reliability of the proposed devices. In 

this context, advanced reliability tests such as Negative Bias Temperature Instability (NBTI) 

and Positive Bias Temperature Stress (PBTS) are highly recommended [40]. These tests are 

essential to evaluate threshold voltage stability and charge trapping phenomena under 

prolonged gate bias stress conditions, which are critical for practical applications in wearable 

and flexible electronics. Future work will focus on implementing these reliability protocols to 

monitor performance degradation over time and to identify possible failure mechanisms. In 

addition, it would be beneficial to perform comprehensive band alignment studies using 

experimental techniques or simulation tools to better understand the role of oxygen modulation 

via RGPP on the electronic conduction mechanism and energy level distribution at the 

interfaces. Overall, integrating reliability assessments and electronic structure analysis will 

significantly strengthen the applicability of SnOx-based TFTs and contribute to the 

development of cost-effective and robust oxide-based electronic devices free from critical raw 

materials. 
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Table.3:  Electrical performance comparison between the proposed SnOx-based TFTs and 

other device structures based on various metal oxide materials. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

  4. Conclusion  

 This paper investigates the role of combined oxygen controlled pulsing process and DC 

sputtering for the elaboration of SnOx thin-films with tunable electrical properties. The latter 

can be achieved by considering varied oxygen injection times in the RGPP technique. Hall 

measurements were performed to assess the electrical performances of the prepared samples 

where the resistivity, carrier mobility and concentration parameters were extracted. It is 

revealed that the SnOx electrical characteristics can be tuned by using RGPP technique, 

enabling the variation of the oxygen concentration in the film. The experimentally extracted 

electrical parameters of p-type and n-type SnOx thin-films were implimented to investigate the 

performance of the corresponding TFT devices using an accurate numerical modeling approach. 

TFT device 
structures 

Electrical performance parameters Ref. 
ION/IOFF 

(dB) 
IOFF  (nA) 

Swing factor  
(mV/dec) 

 

In-doped SnO thin-
film 

123.5 9×10-3 400 [31] 

CuGaO thin film 80.2 N/A 519 [32] 

SnGaO thin-film 81.8 9×10-3 550 [33] 

InGaSnO thin film 173 N/A 210 [34] 

SnS0.2O0.8 thin-film 68.6 2.9×10-2 N/A [35] 
SnO2 channel/Al2O3 

dielectric gate 
128.3 N/A 260 [36] 

Zr-SnOxchannel/ZrO2  
dielectric gate 133.8 8×10-3 191 [37] 

SnO thin-film 85 7×10-1 N/A [38] 
SnO channel 90 9×10-2 N/A [39] 

SnO2-based TFT  
@ tON = 20 s 

151 5.2×10-3 161.5 
This 
work 

SnOx-based TFT  
@ tON = 12 s 

136.2 1.9×10-2 143.1 
This 
work 

SnOx-based TFT  
@ tON = 8 s 

176.4 1.2×10-4 124.3 
This 
work 
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It is demonstrated that the invetigated devices exhibit high derived current, while maintaining 

low off-state current, where an ON-to-OFF current ratio of 176.4 dB is recorded . This 

improvement can be attributed to the high carrier mobility of 11.7 cm2/V.s. Therefore, we 

believe that the present study can open up new pathways for the fabrication of cost-effective 

SnOx thin-films with tunable electrical properties, which can be approriate for thin-film 

electronic applications. Although the proposed SnOₓ TFTs exhibit promising electrical 

characteristics under initial measurement conditions, a comprehensive evaluation of their 

stability under electrical and environmental stress remains essential for practical applications. 

Due to current equipment and device fabrication constraints, short-term bias stress 

measurements (e.g., under positive/negative gate bias for several hours) and environmental 

stability tests (e.g., exposure to humidity and temperature cycling) could not be conducted in 

this study. These assessments are planned as part of future work and will include long-term 

stress protocols such as Negative Bias Temperature Instability (NBTI) and Positive Bias 

Temperature Stress (PBTS). Such investigations will provide deeper insights into the reliability 

and suitability of SnOₓ-based TFTs for integration into flexible and wearable electronic 

platforms. 
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