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Abstract Article Info. 

The sensitivity of the photodetector is a crucial parameter when evaluating the 

performance of a cubic structure-based tin mono-sulfide (SnS) photodetector. 

However, achieving high sensitivity with a low-cost deposition technique for the 

SnS photodetector, which is based on a film grown on a flexible substrate, has been 

challenging. The primary aim of the present research is to fabricate a photodetector 

with higher sensitivity based on SnS thin film. The film was deposited onto a flexible 

polyester substrate utilizing a cheap and simple chemical bath deposition (CBD) 

method under 80 °C, pH 7.4, and 2.5 hours. The X-ray diffraction analysis showed 

that the film is made up of many small crystals and has a cubic shape, with an energy 

gap value of 1.56 eV. The photo-response properties were conducted upon 

illumination of near-infrared (NIR) 750 nm. The findings demonstrated that the 

photodetector has excellent stability and photo-response characteristics, involving a 

sensitivity of 1775, a rise time of 0.72 s, and a recovery time of 0.68 s. The fabricated 

flexible photodetector shows outstanding promise due to its excellent performance, 

cost-effectiveness, flexibility, and non-toxicity. 
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1. Introduction 
Recently, there has been a substantial surge in scholarly interest in studying the 

optical and electrical properties of thin films composed of tin mono-sulfide (SnS). The 

motive for this surge is due to its high absorption coefficient, around 104 cm-1 at the 

absorption fundamental edge, and high conductivity demonstrating a hole mobility of 90 

cm2V-1s-1 when utilized in electronic device fabrication [1, 2]. SnS is categorized under 

the chemical groups IV-VI, where Sn represents the cation, and S represents the anion. 

SnS is widely available, affordable, and non-toxic, making it a favored option for 

ecologically sustainable gadgets [3-7]. Moreover, it is of significant importance and is 

found in three distinct crystal forms: zinc blende, orthorhombic, and cubic [8-11]. 

Various methods can be employed to deposit films of SnS, including chemical bath 

deposition (CBD) [11-14], sputtering [15], dip deposition [16, 17], electrodeposition [18], 

vacuum evaporation [4, 19], spray pyrolysis [20], and chemical vapor deposition [21]. 

CBD is the preferred technique among researchers and practitioners because of its cost-

effectiveness, ease of implementation, compatibility with extensive coating applications, 

and ability to operate at low temperatures, incurring little process expenses [13]. 

Previous studies have focused on the fabrication of SnS photodetectors based on 

growing films on rigid (glass) substrates [9, 22-31]. However, the sensitivity of these 

photodetectors was low. As a result, a novel approach is adopted in this study to fabricate 

a photodetector based on a grown SnS film on a flexible polyester substrate.  The present 

flexible photodetector demonstrated high sensitivity level of 1775 and high stability under 

near-infrared illumination. 
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2. Experimental Part 
2. 1. Films Preparation 

The CBD method was utilized to deposit SnS film on a flexible polyester substrate. 

The deposition process involved using a solution of 0.15 M thioacetamide (C2H5NS) as a 

source for S-2 ions and 0.1 M of stannous chloride dehydrate (SnCl2.2H2O) as a source 

for Sn+2 ions. To prevent fast precipitate formation, 0.22 M of trisodium citrate dehydrate 

(C6H5Na3O7.2H2O) was added as a complexing agent. An aqueous ammonium 25 % was 

added to the reaction solution to adjust its pH to 7.4. Before depositing the film, the 

polyester slide substrate was treated to ultrasonic cleaning using methanol, acetone, and 

deionized water for 30 minutes. The deposition process was performed at 80 °C for 2.5 

hours.  Subsequently, the film was rinsed using deionized water, followed by natural air-

drying.  Fig. 1 shows the flexible substrate and the deposited SnS film. 

 

Figure 1: (a) An image illustrating the flexible substrates that are used as bases for thin-film 

deposition (b) An image of the deposited SnS thin-film. 

 

2. 2. Film Characterization 

The X-ray diffraction (XRD) patterns of the film and substrate were recorded using 

a diffractometer with CuKα radiation (λ = 1.5406 Å). Field emission scanning electron 

microscopy (FESEM) (f-50 FE-SEM) was used to study the film's surface shape. The 

films' thickness was measured with an Atomic Force Microscope (AFM) (a Nano Surf 

AG Core 2023). A spectrophotometer (Shimadzu-2601) was used to analyze the film's 

optical properties in the 350–1100 nm wavelength range. Furthermore, Keithley 2450 and 

light-emitting diode 750 nm were used to study the photo-response features of the 

photodetector. 

 

3. Results and Discussion 
3. 1. Crystal Structure 

Fig. 2 (a, b) presents the X-ray diffraction patterns of the substrate and the deposited 

film. The peaks at 30.67°, 31.877°, and 32.68° are associated with the (400), (410), and 

(411) orientations of the π-SnS (SnS-CUB) structure, as indexed by PDF 86-9477 [28, 

32-37]. Research conducted by Nair et al. [36] and Abutbul et al. [38, 39] has identified 

comparable peaks in the cubic phase. The XRD pattern of the film primarily displayed 

only these SnS peaks because other peaks may be obscured by a broad, intense peak of a 

polyester substrate from a 20° to 30° range. 

a b 
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Figure 2: XRD patterns of polyester substrate and grown SnS film. 

 

The crystallite size (D) of (410) and (411) planes were estimated using The Debye-

Scherer equation [28] 

D(Å) =
Κλ

β cos θ
                                                                                                                            (𝟏) 

where λ, θ and β denote wavelength, Bragg angle, and full width at half-maximum, 

respectively. The values of D were calculated to be 65 nm and 23 nm for the (410) and 

(411) orientations, respectively. These values align with previous findings [28]. To 

fabricate high-quality thin films for use in photodetector devices, it is necessary to reduce 

the dislocation density (δ) in the film, which can indicate the number of defects in the 

film. Micro-strain (ɛ) and dislocation density (δ) can be calculated using the following 

formulas [28] . 

ε =
β

4 tanθ 
                                                                                                                                    (𝟐) 

 δ =
1

D2
                                                                                                                                           (𝟑) 

The number of crystallites per unit area (N) can be determined by using the equation 

[29] 

N =
t

D3
                                                                                                                                          (𝟒) 

where t is the thickness of the film. In a previous study, the atomic force microscopy 

(AFM) technique was employed to measure the thickness of film. This method involves 

creating a step-like structure by scratching the film with a sharp instrument. Since the 

film material is softer than the underlying substrate, it is assumed that the scratches 

completely remove the film in the affected areas, leaving behind distinct step edges. The 

height of these steps corresponds to the film's thickness. To ensure accuracy, multiple 

lateral AFM scans are conducted across the step structures, and an average film thickness 

is calculated [30]. In the present study, the thickness of the grown film was determined to 

be 371 nm. 

a b 
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The value of ε is equal to ε = 1.95×10-3, for 𝛿 =2.36×1012 lines.cm-2 and for N=1.35 

×1014 cm-2 for orientation (410). The size of the crystallites is correlated with the presence 

of crystal defects. As the size of the crystallites increases, there is a decrease in 

dislocation, a reduction in crystal defects, and a decrease in boundaries. Consequently, 

this can enhance the electrical characteristics of the film [31]. The crystallite size of the 

film grown in this study exceeds the values reported in previous research studies [32]. 

 

3. 2. Surface Morphology 

The FESEM image of the film is depicted in Fig. 3 (a). It can be seen that the film 

surface morphology contains dense grains that appear to cover the entire surface. 

Moreover, the grain distribution on the surface was homogenous and large. This 

morphology was seen in earlier studies for the cubic structure SnS film [23,33].  

Additionally, the diameter of the grains ranged from 82 nm to 318 nm, as seen by the size 

distribution histogram in Fig. 3 (b). 

Figure 3: (a) FESEM image of prepared film SnS film, (b) Histogram distribution of grains 

diameter. 

 

3. 3. Optical Properties 

Fig. 4  (a) presents the optical transmittance spectrum of the SnS film on a polyester 

substrate, covering a wavelength range of 350-1100 nm. The transmittance value 

decreased with decreasing wavelength. Notably, the film demonstrated low transmittance 

in the near-infrared (NIR) spectral region. This characteristic makes the SnS film suitable 

for utilization in photodetector applications within this specific wavelength range. The 

transmittance (T) obtained from experimental measurements was used to determine the 

absorption coefficient (α) by the following equation [34] 

α =
2.3026log (

1

T
)

t
                                                                                                                      (𝟓) 

In order to calculate the energy band gap from the transmission spectrum, the 

following relationship was used [19, 23] 

αhν = A(hν − 𝐸𝑔 )
n

                                                                                                                    (𝟔) 

a b 
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Figure 4: Plots of a) transmittance vs. wavelength, and (b) (αhν)2 vs. (hν) for grown film. 

The absorption coefficient is denoted by α, the constant of Planck is represented by 

h, the frequency is symbolized by υ, the constant A is dependent on the transition 

probability, the energy bandgap is denoted by (Eg), and the parameter n varies based on 

the kind of transition. Fig. 4 (b) presents a graphical representation of the squared value 

of (αhυ)2 plotted against hυ [18], based on the assumption that n equals (1/2). The direct 

energy bandgap can be determined by extrapolating the linear portion of the curve and 

identifying the intersection point with the (hυ) x-axis, yielding a value of 1.56 eV. The 

direct energy bandgap materials absorb light very efficiently, as photons can directly 

excite electrons from the valence band to the conduction band [23]. This property makes 

them suitable for solar cells and photodetectors, where efficient light absorption is crucial 

for generating electron-hole pairs. 

3. 4. Photoresponse Measurements 

The metal-semiconductor-metal (M-S-M) SnS photodetector was constructed with 

120 nm-thick gold (Au) electrodes. Ion coating was used to deposit the electrodes on the 

film. Fig. 5 (a, b) shows the schematic of the device for studying the photoresponse and 

current-voltage (I-V) characteristics under both dark and light illumination 750 nm within 

the voltage range of -4 V to 4 V. The linear behavior of the (I-V) curve suggests that the 

Au electrodes establish ohmic contact with the SnS film because the work function of 

gold is about 5.1 eV [35], surpassing that of SnS, which ranges from 4.5 to 4.8 eV [36]. 

This difference facilitates efficient charge transfer and the establishment of an ohmic 

contact between the Au electrodes and the SnS thin film [37], which is crucial for the 

photodetector's performance.  It is worth mentioning that the current value exhibits a 

substantial rise during near-infrared illumination compared to the dark state.  

A photodetector application's repeatability and photoresponse speed are critical 

factors in defining its capacity. The photodetector stability was examined using 5 V bias 

voltage and 10 s ON/OFF switch cycle, as shown in Fig. 5 (c). The photodetector exhibits 

excellent repeatability and stability as its maximum current value remains constant and 

unvarying even after multiple cycles. The sudden drop in photocurrent during 

illumination can be attributed to spike noise at 10 and 20 seconds, which results from 

fluctuations in the light source's power during the switching process [38]. 

 
 

b a 
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Figure 5: (a) the experimental setup for photoresponse measurements, (b, and c) the I-V and 

I-T characteristics of the photodetector in the dark and under illumination. 

 

The ratio of an increase in current value under light to its value in darkness is 

referred to as a photodetector's sensitivity (S). The sensitivity can be expressed as follows 

[18, 20-22]   

S =
Iph

Idark
 x100                                                                                                                             (𝟕) 

where Iph = Ilight- Idark. Iph, Idark and  Ilight denote to photocurrent, dark, and under 

illumination current values, respectively. The S value was found to be 1775 for the 

photodetector. This value is highest when compared with previously fabricated SnS 

photodetectors glass (rigid) and PET (flexible) substrates [6, 17-23, 37, 39]. The photo-

response time is crucial in assessing the photodetector's performance, and a substantially 

quicker response time has the capacity to expand the range of photodetector applications. 

The duration of a single on/off cycle was approximately 0.72 s for the rise time and 0.68 

s for the decay time. The good photo-response characteristics of the present photodetector 

may be attributed to the large crystallite size (low dislocation density) of the photodetector 

film. The larger crystallite size for the deposited film on a polyester substrate leads to 

fewer grain boundaries and reduced defect density. These factors enhance charge carrier 

mobility and lifetime, contributing to the superior photoresponse characteristics of the 

present photodetector [40]. Table 1 compares the findings of the present photodetector to 

those of previously fabricated SnS photodetectors on glass (rigid) and PET (flexible) 

substrates. 

 

 

 

 

 

 

 

 

 

 

a b c 
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Table 1: Comparative analysis of the findings of the present photodetector with previously 

manufactured SnS photodetectors on glass substrates.  

 

4. Conclusions 
The flexible photodetector is an important component in wearable devices due to 

its flexibility and lightness. This research aims to fabricate a low-cost, high-performance, 

flexible, near-infrared photodetector using a deposited SnS thin film on a polyester 

substrate. The film demonstrated excellent structural characteristics and high absorbance 

in the visible and near-infrared regions. These features enabled the photodetector to 

achieve a high sensitivity of 1775 under near-infrared illumination, as well as exceptional 

repeatability and stability. The research findings propose an effective approach to 

improve the performance of photodetectors and present a promising avenue for future 

advancements, such as flexible optoelectronic devices. 
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ن  كاشف ضوئي مرن للأشعة تحت الحمراء القريبة ذو حساسية عالية باستخدام غشاء رقيق م

بطريقة الحمام الكيميائي  مرسب أحادي كبريتيد القصدير  
 

 3محمد صالح مهديو  1عبد الله  مدحتمنال و 2، 1نور محمد إبراهيم
 قسم الفيزياء، كلية العلوم، جامعة بغداد، العراق 1،2

 وحدة بحوث البوليمرات، كلية العلوم، الجامعة المستنصرية، بغداد، العراق 2
 المتجددة، هيئة البحث العلمي، وزارة التعليم العالي والبحث العلمي، العراقمركز بحوث وتكنولوجيا البيئة والماء والطاقة 3

 

 الخلاصة  

القائم على البنية المكعبة. ومع ذلك، فإن   أحادي كبريتيد القصديرتعد حساسية الكاشف الضوئي معلمة حاسمة عند تقييم أداء الكاشف الضوئي  

استناداً إلى الفيلم المزروع على   أحادي كبريتيد القصديرتحقيق حساسية عالية القيمة باستخدام تقنية ترسيب منخفضة التكلفة للكاشف الضوئي  

ذو حساسية أعلى من خلال   أحادي كبريتيد القصديرركيزة مرنة كان أمرًا صعباً. الهدف الأساسي من هذا البحث هو تصنيع كاشف ضوئي  

مزروع على ركيزة بوليستر مرنة. تم ترسيب الفيلم باستخدام تقنية الترسيب بالحمام الكيميائي   أحادي كبريتيد القصديراستخدام غشاء رقيق 

(CBD تحت ظروف )الفيلم متعددة البلورات   ساعة. أكد تحليل حيود الأشعة السينية طبيعة 2.5، و7.4درجة مئوية، ودرجة الحموضة  80

فولت. تم قياس خصائص الاستجابة الضوئية وتحليلها باستخدام إضاءة الأشعة    1.56وتركيبه البلوري المكعب، مع وجود فجوة طاقة تبلغ  

القريبة   الحمراء  ذلك   750)  (NIR)تحت  في  بما  الضوئية،  الاستجابة  ممتازًا وخصائص  ثباتاً  المقدم  الضوئي  الكاشف  أظهر  نانومتر(. 

فولت من جهد التحيز. يعد الكاشف الضوئي    5ثانية( عند    0.68ثانية(، ووقت الاضمحلال )  0.72(، ووقت الارتفاع )1775الحساسية )

 ه الجيد ومرونته وتكلفته المنخفضة وطبيعته غير السامة. المرن المُصنَّع واعداً جداً استناداً إلى أدائ

 الكاشف.  ، الأشعة تحت الحمراء  ، حساسية للضوء  ، أحادي كبريتيد القصدير  ، الركيزة المرنة  الكلمات المفتاحية:

 

 
 

 


