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Abstract 

 In this work, high-performance SnOx band-selective photodetectors (PDs) were 

realized by DC magnetron sputtering technique. The reactive gas pulsing process (RGPP) was 

implemented with pulsing period fixed at P = 20 s to adjust tin and oxygen concentrations in 

the film. The impact of pulsed oxygen time on the structural, morphological and photosensing 

properties of SnOx-based PDs was investigated. The fabricated SnOx-based PD at a high duty 

cycle of 80% of P demonstrated high UV photodetection capabilities and solar-blind 

characteristic with a high responsivity of 21.8 mA/W, a high signal to noise ratio of 6×104 and 

a specific detectivity of about 5×1011 Jones. It was also revealed that the use of a short oxygen 

pulsing time 8 s paves the way for the realization of multispectral SnOx PD, demonstrating a 

high responsivity values of 36.45 mA/W, 36.4 mA/W and 34 mA/W over UV, Visible and 

NIR bands, respectively. This is attributed to the role of using RGPP in modulating the film 

optoelectronic properties from metallic to insulator when the duty cycle and thus oxygen 

concentration in the films changed from pure tin to overstoichiometric SnO2 compound. The 

prepared SnOx PDs demonstrated many advantageous features like low-noise, cost effective 

and high sensitivity. The obtained results proved that SnOx can be used as an alternative 

material for developing high-performance band-selective sensing devices.  
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1. Introduction 

 The emergence of multispectral thin-film optoelectronic devices offering high and 

tuned optical signal powers and photo responses in wide spectrum range (from UV to infrared 

wavelengths) has opened new pathways for the development of high performance and 

multifunctional optoelectronic systems [1-5]. Among the variety of optoelectronic devices, 

broadband photodetectors (PDs) can work in the UV-Vis-IR bands and are of great 

importance in practical applications including industrial and military fields, such as 

telecommunications, imaging, spectroscopy, environmental monitoring and missile warning 

[5-7]. Metal oxide semiconductors such as ZnO, TiO2, V2O5, NiO and CuO are widely used 

for photodetection applications due to their high stability, earth-abundant property and simple 

elaboration processes [8-9]. In this regard, several elaboration techniques and materials such 

as two-dimensional (2D) monolayers, perovskites, nanoparticles and solution-processable 

materials using spin coating fabrication process have long been investigated aiming at 

overcoming the main limitations associated with the conventional optoelectronic devices [10-

13]. Furthermore, the development of self-powered and tuned multispectral devices using 

several combined materials and new elaboration approaches has received a great deal of 

attention to provide high-performance power-free and multispectral optoelectronic devices 

[12-16]. Nevertheless, various challenges remain to attain the desired stage of maturity of 

broadband devices for the emerging optoelectronic systems. Particularly, several 

photodetectors are based on vacuum photomultipliers, which usually feature the advantages of 

high responsivity under applied bias voltage but suffer from the large operating voltage and 

high-power dissipation. Moreover, the developed multispectral and self-powered 

photodetectors based on low cost solution-processable materials exhibit high photoresponse 

properties, low fabrication cost and flexibility behavior but usually suffer from the presence 

of toxic elements and stability issues. On the other hand, the unique properties of the 



3 
 

monolayer materials such as the atomic layer thickness and less surface chemical suspension 

bonds have demonstrated promising effectiveness and led to an extended photosensitivity in 

different spectral ranges [17, 18]. However, high dark noise as well as the low absorption 

edge effects of these materials can affect their optoelectronic performances and 

photosensitivity capabilities. Moreover, similar limitations are associated with other 

optoelectronic devices based on nanostructure and heterojunction technologies. Therefore, 

new materials and elaboration techniques are highly required to find suitable approaches to 

break through these limitations and satisfy the requirements of the next generation of 

optoelectronic devices.  

 In recent years, metal oxide materials have been widely investigated and the 

improvement of their optical and electrical properties is becoming one of extensive research 

activities [19-21]. Particularly, thin oxide-based alloys (SnO, SnO2, Sn2O4,…) are regarded as 

potential candidates for non-toxic and low cost optoelectronic devices [22-24]. In this context,  

tindioxides (SnO2) have been studied to explore its capability to be used in wide application 

areas, including transparent electrodes (TCO), electrochromic sensors, solar cells and electro-

catalysis applications [24]. Moreover, tin monoxide has drawn substantial interests recently as 

a wide gap p-type oxide with high hole mobility, making it effective for developing thin film 

transistors (TFTs), organic solar cells (OSCs) and hole transport layers (HTLs) for 

optoelectronic devices [25-27]. Important optoelectronic properties of tin oxide-based alloys, 

like carrier concentration, optical band gap, mobility and optical transmission, are drastically 

varied with increasing the oxygen amount in the tin oxide alloy [25]. Wavelength dependent 

absorption, optical bandgap parameters, and electrical conductivity of tin oxide alloy are 

important properties owing to its implementation as buffer, HTL and active layers for 

optoelectronic applications. Consequently, the impact of oxygen concentration on the tin 
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oxide alloy properties should be experimentally investigated in order to optimize and tune the 

optoelectronic performances for photosensing applications.  

 In this work, we investigate the photoresponse characteristics of a new tunable band 

selective SnOx PD prepared by DC reactive sputtering. The reactive gas pulsing process 

(RGPP) approach is used to adjust tin and oxygen concentrations in the deposited thin-films. 

The impact of the pulsed oxygen concentration on the optoelectronic properties are then 

characterized using XRD, SEM, DC electrical resistivity measurement and UV–Visible 

absorption spectroscopy techniques to analyze the structure morphological, optical and 

electrical performances. The deposited thin-films are used to investigate the optoelectronic 

properties of photodetector with tuned spectral photoresponsivity (UV and broadband 

multispectral). Here, we also demonstrate that the responsivity and bandwidth can be 

modulated by adjusting the injection oxygen time in the active layer.       

2. Experimental details 

2.1. Deposition of SnOx thin-films 

 SnOx thin-films were developed on glass and (100) silicon (Si) substrates. The latter 

were first cleaned up by using the standard RCA sequence process and then dried in an oven 

at 60 °C. Afterwards, SnOx thin-films were deposited on glass substrates (surface area of 

1.25×2.5 cm2 for each one) by using DC reactive magnetron sputtering system in a 40 L 

vacuum chamber evacuated at 10-5 Pa of pressure [28]. The DC sputtering system used a 

constant current density of 50 Am-2 and a magnetic field level of 600 Gauss was obtained by 

permanent magnets (FeNdB). The sputtering process was carried out using high purity tin 

target (99.9 at. %) and the target-to-substrate distance was kept at 65 mm. To sputter deposit 

SnOx thin-films with dissimilar compositions, Ar gas was injected with a partial pressure of 

0.3 Pa, while oxygen gas was introduced using the Reactive Gas Pulsing Process (RGPP) to 

vary the injection time of the oxygen gas [29]. In this context, the oxygen mass flow rate was 
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pulsed as a function of time based on the pulsing signal depicted in Fig. 1. In the latter figure, 

tON and tOFF denote the RGPP ON and OFF times of oxygen pulsing associated with the 

considered rectangular signal, P is the pulsing period and α represents the duty cycle defined 

as α = tON/P. During the sputtering process, P was kept at 20 s, whereas α varied from 0 to 

100% of P, enabling a gradual variation of α, where the maximum and minimum oxygen flow 

rates were fixed at 2.4 sccm and 0 sccm over tON and tOFF times, respectively. SnOx thin-film 

samples using different tON values of 0 s, 8 s, 10 s, 12 s, 16 s and 20 s were produced to assess 

the effect of the RGP process on the film properties. For some given tON and tOFF values, the 

operating conditions allow reaching the oxidized sputtering mode during tON, while 

completely stopping the oxidation process during tOFF. The deposition time was adjusted for 

all samples to obtain a specific SnOx film thickness of 400 nm, which was confirmed using a 

profilometer Alpha-step IQ, KLA-Tencor Corporation. Finally, E-Beam evaporation 

technique was used to fabricate SnOx-based Metal-Semiconductor-Metal (MSM) 

photodetectors. In this context, gold (Au) contacts were evaporated on the SnOx films sputter-

deposited at various pulsing times by means of a shadow mask with a rectangular surface of 

2.5 mm2 and electrode distance of L = 7 mm. 

2.2. Characterization  

 X-ray diffraction (XRD) measurements using ARL Equinox 300 diffractometer were 

performed to study the structural properties of the elaborated SnOx thin-films based on the 

reactive gas pulsing process. Besides, scanning electron microscope (SEM) characterizations 

were carried out to view the top surface of the prepared SnOx thin-films on Si substrate at 

various pulsing times ranging from tON = 8 s to tON = 20 s using JEOL JSM 7800 field 

emission SEM apparatus. The elaborated samples on Silicon substrates were used only to 

carry out high quality cross-sectional SEM images and to better study the morphological 

properties of SnOx thin-films elaborated using RGPP. Besides, the energy dispersive X-ray 
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spectroscopy (EDS) measurements were carried out using EDAX system (FEI Quanta 450), to 

determine oxygen and tin elemental concentrations in the deposited SnOx thin-films using 

RGPP. In addition, F10-RT-UV-based spectrophotometer was exploited to extract the 

wavelength dependent optical parameters including absorbance and reflectance of the 

prepared SnOx samples. Hall measurements were conducted to assess the electrical properties 

of the sputter-deposited SnOx thin-films with various pulsing times and the associated film 

resistivity values were extracted. Afterwards, the semiconductor characterization system 

(Keithley 4200-SCS) was then used to extract the current-voltage (I-V) characteristics of the 

prepared MSM PD samples based on sputtered SnOx active layer at different oxygen pulsing 

times. The associated I-V curves were extracted under dark and UV-Vis-NIR illumination 

conditions for all samples. The photoresponse characteristics of the prepared band-selective 

PDs based on SnOx thin-films were analyzed using UV, Visible and NIR LED lamps. The 

emission wavelengths of the UV, Visible, and NIR LEDs were 365 nm, 515 nm−525 nm, and 

780 nm−950 nm, respectively. The output optical power densities of these LEDs were 

measured as 1.8, 2.3, and 3.7 mW/cm2. All measurements were carried out in room 

temperature conditions.  

3. Results and discussions  

 To assess the structural properties of the elaborated SnOx thin-films at various pulsing 

times, XRD measurements were carried out and the corresponding patterns are depicted in 

Fig. 2. The latter figure confirms that the prepared sample at tON  = 0 s shows diffraction peaks 

associated with tetragonal Sn material (ICDD card no. 00-004-673). The use of RGPP allows 

sputter-depositing SnOx thin-films with tunable compositions, leading to metallic form at tON 

= 0 s [30]. On the other hand, low intensity peaks from (200), (101), (220) and (211) planes 

are observed for the elaborated sample with oxygen pulsing time of tON = 4 s. When the 

oxygen gas is pulsed with 8 s, 12 s, 16 s and 20 s of ON-time, the elaborated SnOx thin-films 
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exhibit amorphous states as it is shown in the associated XRD patterns, where no diffraction 

peaks are observed. This is mainly attributed to the effect of oxygen containing, disturbing the 

growth of crystalline phases in the developed SnOx thin-films. In addition, the periodic 

injection of the reactive gas using RGPP prevents the formation of metal oxide compound on 

the target surface [30-31]. Intuitively, the use of an appropriate thermal treatment can enhance 

the film crystallinity.  

 Fig.3 (a) shows the variation of the deposition rate as a function of the oxygen pulsing 

time. It can be seen from this figure that the deposition rate gradually decreases as the oxygen 

pulsing time rises. This reduction can be correlated with the poisoning of the tin target surface 

by the oxygen, giving rise to a reduced sputtering yield compared to that of Sn. The variation 

of tin and oxygen concentrations in the prepared SnOx thin-films as a function of the oxygen 

pulsing time is measured and depicted in Fig. 3 (b). It can be seen that the elemental 

composition in the film continuously varies with the variation of the oxygen pulsing time 

(tON). As tON increases, the oxygen content increases in the film, while the tin concentration 

symmetrically decreases. This typically observed in oxide thin films prepared by RGPP since 

an alternation of the sputtering mode from metallic to oxidation one occurs. In other words, 

the oxygen flow rate rapidly increases to achieve its maximum (2.4 sccm) during the tON time, 

leading to avalanche the deposition procedure in the oxidation mode. On the other hand, the 

oxygen mass flow rate is completely stopped during the tOFF time, thus switching the 

sputtering process to the metallic mode. Fig.3 (b) demonstrates also that the chemical 

composition of SnOx thin-films can be tuned by adjusting the oxygen pulsing time, where 

high oxygen content compounds can be elaborated by taking large tON values. It can be also 

observed from Fig.3 (b) that the most important variation of SnOx composition is achieved for 

tON values lower than 16 s, where the sputtered thin-films gradually evolve from sub- to over-

stoichiometric SnOx compounds. 
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 SEM measurements were performed to investigate the morphological properties of the 

prepared SnOx thin-films using RGPP with different pulsing times. Fig. 4 illustrates the 

obtained micrographs with high magnification of the sputtered SnOx samples with (a) tON = 0 

s, (b) tON = 8 s, (c) tON = 12 s and (d) tON = 20 s. It can be observed from Fig. 4 (a) that the 

sputtered film with tON = 0 s shows continuous and granulated surface properties with small 

gaps between grains. In this situation, the oxygen mass flow rate is stopped, and the sputtering 

process is switched to the metallic mode. As a result, Sn thin-film is produced with irregularly 

shaped grain morphology. This leads to sputter a large number of Sn particles on the 

substrate, which have high mobility thereby allowing the formation of large clusters. This 

observation agrees well with the obtained XRD patterns presented in Fig. 2, where sharp 

peaks associated with Sn material are observed. As the pulsing time increases, it can be seen 

from Fig. 4 (b) that the grains become sphere-like shapes with lower grain size. Besides, a 

smooth surface is observed when the oxygen flow rate is increased. Further increasing the 

ON-time results in smooth and dense accumulation film as it is observed in Fig. 4 (c) and (d) 

under similar SEM magnification. The increase of the duty cycle (α > 80 % of P) favors the 

oxidation sputtering mode [31]. This can in turn drop the deposition rate and maintain the 

oxygen concentration stable as it is shown in Fig.3 (a) and (b). The latter figure demonstrates 

that the growth of SnOx thin-films using high duty cycle (α > 80 % of P) leads to achieve 

oxygen-rich films, indicating that the oxidation sputtering mode is the dominant one under 

these deposition conditions. Consequently, the sputtered Sn particles are rapidly oxidized, 

enabling the formation of Sn−O bonds and thereby typical amorphous SnOx thin-films are 

produced as it is confirmed by measured XRD patterns. Cross-sectional SEM images of the 

deposited SnOx thin-films using different oxygen pulsing times of 0 s, 12 s and 20 s are 

shown in Fig.4 (e), (f) and (g), respectively. Various morphologies as a function of the oxygen 

pulsing time are observed. In the metallic sputtering mode (tON= 0 s), Fig.4 (e) shows a 
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microstructured films with a more or less obvious columnar structure. On the other hand, 

Fig.4 (f) and (g) indicate that homogeneous and denser SnOx thin-films are elaborated by 

increasing the oxygen pulsing time. Despite the fact that RGPP gives multilayered structure 

(metal/oxide periodic alternations) [30-33], the use of a short pulsing period (P=20 s) and a 

quite low deposition rate (about 1000 nmh-1) allows preparing homogeneous tin oxide thin-

films rather than multilayer structure [33].  

  In order to analyze the performance of the developed SnOx thin-films for 

photodetection applications, the optical absorbance and reflectance spectra in the visible range 

of the samples prepared on glass substrates with dissimilar duty cycles are extracted and 

depicted in Fig. 5 (a) and (b), respectively. We can notice that the fabricated film at tON = 0 s 

fully absorbs the incident light due to its metallic behavior. Increasing the duty cycle leads to 

gradually decrease the absorption capabilities of the SnOx thin-film. Particularly, the 

developed films with high tON time of 16 s and 20 s show a high UV absorbance with solar-

blind characteristic. This is mainly due to the high oxygen concentration associated with these 

SnOx thin-films when continuous oxidation process is considered, leading to enhance the 

visible transparency. On the other hand, a transition zone is observed between the lowest and 

highest duty cycles, where the associated films (tON = 10 s and tON = 12 s) can offer larger 

absorption band extended to blue and red lights as compared to the prepared SnOx thin-films 

with high tON duration. This optical behavior is attributed to the evolution of Sn and O 

contents as a function of the tON increment, leading to change the sputtered thin-films from 

sub- to over-stoichiometric SnOx compounds as it is shown in Fig.3 (b). The reflectance 

spectra depicted in Fig.5 (b) show the presence of typical interference fringes over the visible 

region, indicating that the associated SnOx thin-films are homogenous and their surface is 

smooth. This is ascribed to the high oxygen concentration of these films. The optical band gap 

of the prepared SnOx-based samples with dissimilar pulsing times is estimated from the 
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associated Tauc's plots shown in Fig. 5 (c), assuming direct transitions. It is clearly shown 

from this figure that the SnOx thin-film band gap increases as the duty cycle increases to reach 

the highest value of Eg4 = 3.58 eV corresponding to over-stoichiometric SnO2 compound [34]. 

However, a lower band gap value of Eg1 = 1.8 eV is achieved for the elaborated SnOx thin-

film with short pulsing time of 8 s. This phenomenon can be attributed to the role of using 

RGPP in adjusting the Sn and O concentrations in the sputtered SnOx thin-films. Therefore, 

the obtained optical behavior indicates that multispectral PDs and solar-blind UV PDs can be 

realized by well controlling the RGPP during the sputter deposition of SnOx thin-films.   

 Aiming at investigating the photoresponse properties of the fabricated SnOx thin-films 

with various oxygen pulsing times, top electrodes were realized on the prepared SnOx/Glass 

samples to form an MSM configuration. The associated I-V characteristics under dark and 

UV-illumination conditions are extracted and illustrated in Fig. 6 (a) and (b), respectively. It 

can be noticed from Fig. 6 (a) that the prepared SnOx-PD with the highest duty cycle of 100% 

of P (tON = 20 s) corresponding to continuous oxidation process exhibits the lowest dark 

current of 3.7 nA as compared to other samples (0.44 µA and 0.16 µA) with lower oxygen 

pulsing times of 10 s and 12 s, respectively. This is mainly due to its high resistivity of 

1.9×104 Ωm as compared to the other devices (4.82 Ωm and 187 Ωm). This high resistivity 

value can be attributed to the formation of O-rich SnOx compound when high duty cycle is 

considered. Under UV light exposure, the prepared SnOx-based PDs show a high 

photoresponse characteristics, where high photocurrents in the order of few microamperes is 

achieved for the elaborated samples using dissimilar oxygen pulsing times. Moreover, the 

elaborated device produced with a low pulsing time shows the highest photocurrent value of 9 

µA. This can be explained by the low resistivity and the high absorbance of the corresponding 

SnOx film, promoting enhanced photogeneration of e/h pairs and improved carrier extraction 

capability. In addition, the prepared device using the highest pulsing time (20 s) exhibits the 
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best ON-to-OFF current ratio due to its very low dark current. The prepared devices using 

oxygen pulsing times of 8 s, 12 s and 20 s, show high signal-to-noise (SN) ratio values of 

2.2×103, 3.1×103 and 6×104, respectively. This indicates the low noise effects of the prepared 

SnOx-based PDs. The obtained photoresponse characteristic can be explained by the high 

absorption capability over the UV spectral band of the prepared SnOx thin-films. To further 

evaluate the elaborated SnOx-based PDs for multispectral photodetection property, the 

responsivity spectra of the prepared samples using various pulsing times are measured and 

shown in Fig. 7. It can be seen from this figure that the fabricated device based on SnOx thin-

film with tON = 20 s demonstrates a high responsivity of 22.3 mA/W over the UV range (RUV) 

at an applied voltage of 3 V and an optical power of 1.8 mW/cm2. In addition, a high rejection 

ratio (Rratio = RUV/Rvis) of Rratio = 1.1×104 is achieved, thus emphasizing its solar-blind 

characteristic. Interestingly, the prepared SnOx-PD with tON = 12 s promotes extended 

photoresponse characteristics to blue light, offering high responsivity values of RUV = 28 

mA/W and RVis = 16 mA/W over the UV and visible spectral bands, respectively. In addition, 

the device based on the fabricated SnOx thin-film with 8 s of pulsing time demonstrates 

broadband photodetection capabilities with a high photoresponse exceeding 30 mA/W. This 

behavior correlates well with the obtained band gap and optical absorption variation as the 

oxygen pulsing time is changed during the sputtering process. Therefore, this photoresponse 

analysis is expected to give extensive details to the designer for getting expert knowledge 

concerning the spectral sensing ability of the analyzed PDs based on the elaborated SnOx thin-

films with various oxygen pulsing times. Accordingly, the use of high duty cycle offers the 

possibility for designing high-performance low-noise solar-blind UV PDs, while the 

implementation of RGPP during the sputtering process of SnOx thin-films with controlled 

pulsing times opens up new pathways to develop cost-effective multispectral UV-Vis PDs.  
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 Table.1 recapitulates a performance comparison between the elaborated SnOx PDs and 

others devices reported on recently published works for different excitation spectral bands 

[33-40]. The latter are selected focusing on SnOx-based PDs and cost-effective CRM-free 

metal oxide-based structures to perform a systematic comparison. It can be demonstrated from 

results reported in Table 1 that the PD based on the prepared SnOx thin-film with high duty 

cycle provides enhanced UV responsivity (R = 21.8 mA/W at an applied voltage of 3 V and 

an optical power of 1.8 mW/cm2), detectivity (D* = 5.8×1011 Jones) and ON-to-OFF ratio 

(ION/IOFF ratio = 55.3 dB) as compared to other designs. This confirms its capability for solar 

blind UV photodetection applications. It can be also concluded from Table.1 that the 

investigated PD based on sputtered SnOx thin-film using tON = 12 s offers extended 

photoresponse characteristics, showing a high responsivity (R = 19 mA/W at an applied 

voltage of 3 V and an optical power of 2.3 mW/cm2) and detectivity (D* = 1.1×1011 Jones) 

over the visible spectral band. This proves its capability for multispectral sensing applications. 

More importantly, further extension of the photosensing band is achieved by introducing 

RGPP with tON = 8 s, where broadband responsivity with high value exceeding R = 36 mA/W 

at an applied voltage of 3 V is recorded. However, the latter SnOx-based PD shows degraded 

detectivity (D* = 9.5×1010 Jones) and current ratio (ION/IOFF ratio = 26 dB) as compared to the 

prepared device using the highest duty cycle (ION/IOFF ratio= 55.3 dB). This is mainly due to 

the high dark current, which can be explained by the high conductivity of the sputtered SnOx 

thin-film owing to the high Sn content when the shortest duty cycle is considered. Therefore, 

the obtained photodetection characteristic is a clear indication of the crucial role of using 

controlled RGPP for the elaboration of tunable band-selective PDs based on cost-effective 

SnOx thin-film, a feature that is distinctively regarded superior to traditional devices.  

 Further improvements regarding the PD performance can be achieved by investigating 

the effect of interfacial defects, temperature and surface morphology on the device 
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photoresponse characteristics. In addition, further measurements regarding the ageing and 

reliability effects should be carried out using appropriate experimental facilities to assess the 

device stability and reproducibility. This step is considered as a perspective of the present 

work, new characterizations should be performed. 

4. Conclusion 

 In this paper, a new high-performance tunable band-selective PD based on DC sputtered 

SnOx thin-films using controlled reactive gas pulsing process (RGPP) is demonstrated. The 

RGPP is used to tune the Sn and oxygen containing in the SnOx thin-films, where a 

rectangular pulsing signal with various pulsed oxygen times ranging from 0 s to 20 s is 

considered. The structural, surface morphology and optical properties of the prepared samples 

are investigated by carrying out effective XRD, SEM and spectroscopy characterizations. It is 

revealed that the prepared SnOx thin-films show an amorphous state and tunable optical and 

electronic properties, where by varying the pulsed oxygen time in the range of [8 s, 20 s] the 

absorbance behavior is modulated and the optical band gap is changed from 1.9 eV to 3.56 

eV. More importantly, it was revealed that the SnOx PD sensing band depends on the ON 

pulsing time associated with RGPP. In this context, solar-blind low-noise UV PD can be 

tuned by considering the highest ON pulsing time during the sputtering process of SnOx 

sensing film, while the use of low duty cycles opens up new pathway for the fabrication of 

multispectral PDs. Therefore, the present investigation can provide new guidelines for the 

realization of tunable band-selective PDs based on sputtered SnOx thin-films, which is 

suitable for the emerging multifunctional optoelectronic devices. 
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Figures caption:  

Figure.1: Schematic representation of oxygen mass flow rate as function of time used for 

RGPP depositions of tin oxide films.  

Figure.2: X-ray diffraction patterns of the deposited tin oxide films with various oxygen 

pulsing times, ranging from 0 s to 20 s. 

Figure.3: (a) Variation of the deposition rate as a function of the oxygen pulsing time. (b) 

Oxygen and tin atomic concentrations in the sputtered SnOx thin-films as a function of the 

oxygen pulsing time. 

Figure.4: SEM images of tin oxide thin films deposited on silicon substrate with various 

oxygen pulsing times: (a) tON = 0 s, (b) tON = 8 s, (c) tON = 12 s, (d) tON = 20 s. (e), (f) and (g) 

Cross-sectional SEM micrographs of SnOx thin-films deposited using oxygen pulsing times of 

tON = 0 s, tON = 12 s and tON = 20 s, respectively.  

Figure.5: (a) Absorbance and (b) reflectance spectra (c) Tauc plots in the visible range of the 

prepared SnOx structures using various oxygen pulsing times ranging from 0 s to 20 s.  

Figure.6: I-V characteristics of the elaborated PD devices based on sputtered SnOx thin-films 

using RGPP with various oxygen pulsing times: (a) dark currents (b) under UV illumination.     

Figure.7: Responsively variations for different oxygen pulsing times: tON = 8 s, (b) tON = 12 s, 

tON = 20 s.  
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Tables:  

Table.1: Performance comparison between the prepared PDs based on SnOx thin-films 

prepared with different pulsing times and several recently published works on UV and 

multispectral PD devices.    
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Table.1 

 

UV-Vis-NIR PD 

structures 

UV 

(300-365 nm) 

Visible (green) 

(515-525 nm) 

NIR 

(780-950 nm) 
Ref. 

ION/IOFF 

(dB) 

R 

(mA/W) 

D* 

(Jones) 

ION/IOFF 

(dB) 

R 

(mA/W) 

D* 

(Jones) 

ION/IOFF 

(dB) 

R 

(mA/W) 

D* 

(Jones) 
 

Self-powered 
ZnO/NiO 
heterojunction  

26 0.44 - - - - - - - [35] 

SnO2Microwire/CsPb
Br3Heterojunction 

35 0.35 1.6×1010 35.5 0.46 1.2×1010 - - - [36] 

n-SnOx/p-diamond 

heterojunction 
8.1 0.04 - - - - - - - [37] 

SnO2-NiO 

heterojunction 
22.3 0.14 8×108 - 0.04 - - - - [38] 

SnOx/ZnO 
heterojunction 

- 36.7 1.5×1011 - 53.0 2×1011 - - - [39] 

Ag/Si/ZnO/ITO 

heterojunction 
- 0.72 2.2×109 - 79.9 2.5×1010 - 17.9 2.9×109 [40] 

ITO/Ag/ITO 
multilayer 

30.5 0.05 1.2×1010 - - - - - - [41] 

ZnO NWs/PbS QDs 59 51 3.4×108 39 7.2 4.9×107 26.8 11 4.2×107 [42] 

Elaborated Au/SnOx 
@ tON = 8 s 

26.1 36.45 1.1×1011 26 36.41 1×1011 25.6 34.7 9.5×1010 
This 

work 

Elaborated Au/SnOx 
@ tON = 12 s 

30.1 25.1 1.3×1011 28 19.8 1.1×1011 21.1 9.2 4×1010 
This 

work 

Elaborated Au/SnOx 
@ tON = 20 s 

55.3 21.8 5.8×1011 - - - - - - 
This 

work 


