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 This paper presents physical and morphology properties of strontium stannate 

(SrSnO3) perovskite-type as a candidate of an n-type material thin film for 

organic-inorganic hybrid diode heterojunction for optoelectronics application. 

Typical wet-process of SrSnO3 deposition produce thick film and having 10-8 

S/cm order in conductivity. The SrSnO3 thin films were deposited on ITO glass 

substrates by RF magnetron sputtering using a purity 99.9% SrSnO3 target 

with 5.0 mTorr of gas pressure and 100 W of RF power at room temperature. 

The gas composition of pure argon (75%) and reactive oxygen gas (25%) was 

used for 60 min. XRD diffraction patterns revealed that the thin films are 

orthorhombic crystal structure with lattice parameter a=5.7040 Ǻ, b=8.06 Ǻ 

and c=5.7080 Ǻ with a strong orientation in the (002) direction. SEM images 

showed that films exhibited uniform surface morphology with a roughness 

average of Ra=2.258 nm and thickness of 311 nm. The EDX spectrum 

confirmed the presence of O, Sr, and Sn elements in the films with 75.22%, 

8.29%, 16.49% in atomic number, respectively. The films were having a 

conductivity of 8.33102 S/cm with low resistivity of 12.410-3 -cm. 
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1. INTRODUCTION  

In recent years, the organic-inorganic pn junction has been increasing attention in research 

communities of photovoltaics and light-emitting diodes. In many demonstrations, a particular type of 

perovskite has shown improvement compared to crystalline Si and III-V as a photodetector material [1]. 

Performance of perovskite that absorbs light effectively in the broadband range with photo-generation yield 

improvement and high charge carrier mobility, a combination that provides a promising potential for exploiting 

sensitive and fast photodetectors that are targeted for image sensing, optical communication, environmental 

monitoring, chemical or biological detection [2], [3]. There are semiconductor devices that detect an optical 

signal such as photodiode, photoconductor and photo-field effect transistor (FET) [4]. Perovskite such as 

strontium stannate (SrSnO3) also reported having good photoluminescence and photocatalyst properties [5]. 

According to its valence band and conduction band condition, the SrSnO3 thin films has possibility to split 
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water into hydrogen and oxygen [6]. The large band gap of this semiconductor (~ 4.1 eV) desirable for the 

optoelectronic device at short wavelength [6]. In the development of organic-inorganic p-n junction based on 

SrSnO3, the synthesization of SrSnO3 as n-type paired with organic p-polyaniline (p-PANI) by Faisal et al. and 

a combination of organic p-type reduced graphene oxide (rGO) with SrSnO3 by Venkatesh et al. as a 

nanocomposite used to enhance photocatalytic activity [7], [8].  

The stannate based perovskite-type materials have a general formula of ASnO3 by group alkaline-

earth stannate for A molecule that are Ba, Sr, or Ca with the ionic radius of 135 pm, 118 pm and 100 pm, 

respectively [5]. A SnO3 has a wide application such as new chemical sensor, stable capacitor, flat panel display 

and humidity sensor [9]. As stated in other papers, strontium stannate has achieved charge mobility of 18.5 

cm2V-1s-1 by Ta doping using pulsed laser deposition (PLD) technique [10]. Strontium stannate is perovskite 

type material which is classified as n-type semiconductor due to oxygen vacancy [11], [12]. Synthesis of 

SrSnO3 has been reported by many researchers that the development of thin films from powder using a 

chemical deposition technique through hydrothermal, sol-gel and solid-state ratio [13]. In a wet-process 

technique, the thin films show a thickness range of several micrometers. As a thick film, it exhibits low 

conductivity values of order 10-8 S/cm. However, there are few researchers reported on the deposition of 

SrSnO3 using dry-processes such as a sputtering deposition. Wakana et al. have deposited strontium material 

to magnesium oxide (MgO) substrate by an 50-W RF sputtering technique at a gas pressure of 80 mTorr with 

a gas composition 50% of pure argon and 50% of oxygen. The target position was set perpendicular (90o) to 

the surface substrate [14]. Although a PLD technique has been used to deposit doped SrSnO3 thin films onto a 

strontium titanate crystal (STO) substrate [10], preparation and fabrication of SrSnO3 thin films have not been 

reported by a sputtering deposition on glass substrates. In this paper, we report the preparation and deposition 

of a transparent and conductive SrSnO3 thin films by an RF magnetron sputtering onto an ITO coated glass 

substrate at room temperature. The structure, surface morphology and electrical conductivity were 

systematically investigated to reveal its potential for optoelectronics applications. 

 

 

2. RESEARCH METHOD 

Figure 1 shows a flowchart of fabrication and deposition of SrSnO3 film on ITO coated glass substrate 

using an RF magnetron sputtering technique. The preparation of sample starts the process by cleaning using 

ultra-bath, then load it into sputtering chamber. In the following steps, the setting of parameters required should 

be adjusted and process of deposition will be activated. 

 

 

 
 

Figure 1. Flowchart of fabrication and deposition of SrSnO3 thin film 

 

 

2.1.  Substrate Preparation 

Indium tin oxide (In2O3:Sn) known as ITO coated glass was used as a substrate with a dimension of 

22 cm2. The substrates were cleaned using acetone, methanol, and de-ionized water with sonication for 15 

min each [15]. After the sonication process, the substrates were dried in a oven for 10 min at a temperature of 
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70 oC. This process is esential to ensure the substrate surface clean from any impurities that correlated to its 

contact quality. 

 

2.2.  Deposition of thin film  

 Figure 2 depicts schematic of sputtering chamber and its components. The pre-sputtering technique 

has been used to ensure the substrates was free from any oxide layers during 15 minutes. There are two types 

of power source for sputtering in common, namely as direct current (DC) and radio frequency (RF). RF power 

source often assigned to achieve a smoother growing result on the surface of a thin film [16]. In this experiment, 

deposition condition was set up using a 100-W RF power source, an operating frequency of 1365 Hz, a chamber 

base pressure of 7.7  10-6 Torr and gas pressure of 5 mTorr. Pure argon was used as sputter gas and oxygen 

as reactive gas by composition 75% and 25%, respectively [17]. Distance between target and substrate is about 

120 mm non-perpendicular and a deposition time of 60 min. Strontium stannate disc with purity 99.9%, 3-inch 

in diameter and 0.125-inch in thickness (Plasmaterials) is used as a sputter target. From two cathodes available 

in the sputtering chamber, only one cathode was chosen to connect with RF power source, and its angle of the 

target to the base is 45o as depicted in Figure 2. 

 

 

 
 

Figure 2. RF magnetron sputtering process and structure of thin film 

 

 

For electrical conductivity, aluminium (Al) was used as a metal contact for the SrSnO3 thin films 

using thermal evaporation technique. Al wire was placed inside the bottom of an evaporation chamber in a 

tungsten boat. The boat initially was heated up and increase the temperature by increasing the current until Al 

inside reach the melting point at a large current of 39 A with a small voltage. The evaporation time was set for 

25 min. 

 

2.3.  Measurement and characterization 

X-ray diffraction (XRD) measurement was deployed to analyze the structure of the material. XRD is 

the non-destructive technique and used widely for structural analysis. It can be used to investigate structural 

quantities such as lattice parameters of crystals, strain state, crystalline orientation, layer thickness and 

chemical composition of alloy [18]. Meanwhile, The surface morphologies were observed by atomic force 

microscope (AFM), and the perpendicular surface area characteristic was investigated by a field-emission 

scanning electron microscope (FESEM) [19]. The scanning electrons interact with atoms on surface producing 

signals of surface topography. Besides, energy dispersive X-ray spectroscopy (EDX) was set up to obtain 

material composition [20]. Lastly, the contact angle measurement was used to assess wettability, horizontal, 

smooth, homogenous and massive solid system.  

 

3. RESULTS AND DISCUSSION  

3.1.   Thin film characteristics 

Figure 3 shows the SEM image of the cross-section of SrSnO3 thin film. As depicted in Figure 3 (b), 

SrSnO3 thickness at observed length image area has even depth, approaching 310 nm. For 60 minutes of the 

process duration, it results in 311-nm of thickness over 203-nm thick of ITO film which measured by SEM 

cross-section and its deposition rate reaches +5.18 nm per min. Thus, the deposition time affects the atomic 

number deposited into the substrate in bulk type. 
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(a) 

 
(b) 

 

Figure 3. These figures are: (a) deposition of SrSnO3 thin film, (b) cross-section of SEM image for 

thickness measurement (50000x, 5kV) on a ITO-coated glass substrate 

 

 

Figure 4 presents the XRD patterns of SrSnO3 thin film using Cu Kα radiation (λ = 0.1546 nm). The 

patterns of two samples indicated a similiar strong orientation in the (002) direction. The SrSnO3 is the 

orthorhombic perovskite crystal structure, and its interplanar spacing can be calculated using the following 

formula: 

 
1

𝑑2 =  
ℎ2

𝑎2 +
𝑘2

𝑏2 +
𝑙2

𝑐2  (1) 

 

 

 
 

Figure 4. XRD pattern of an RF magnetron sputtered SrSnO3 thin films.  

The inset shows the SEM-EDX results 

 

 

where d is interplanar spacing, hkl represents the plane orientation and abc represents the lattice length. Thus, 

the value of d = 0.294 nm was obtained. To inspect the crystallinity, it is necessary to measure full-width half 

maximum (FWHM) of the diffraction pattern. The FWHM of (002) diffraction as the highest intensity is 0.472, 

and its crystallite size structure showed a delta of 2 < 1o. Table 1 summarizes the peaks position and crystal 

characteristics of the SrSnO3 thin film. 

 

 

Table 1. Peaks position and its crystal characteristic 
Peak No.  Poso [2] FWHM (hkl) Crystallite Size (Ǻ)  

1  30.357 0.472 002  177 

2  35.25 0.289 102  297 

3  52.411 0.472 311  191 
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Residual stress has shifted peaks in one and other directions which are correlated with balance stress 

at grain boundaries and satisfy constraints on the strain tensor [21]. It shows orthorhombic crystal structure 

with lattice parameter a = 5.7040 Ǻ, b = 8.06 Ǻ and c = 5.7080 Ǻ (a ≠ b ≠ c). The angles between the lattice  

α = β = γ = 90o, perpendicular each other. The value of lattice almost similar as reported by Mary C.F.  

Alves et al., which provide lattice data for temperature treatment to SrSnO3 thin film with a = 8.07274 Ǻ, b = 

5.71122 Ǻ and c = 5.71251 Ǻ based on Rietveld refinement [22]. It is indicating that the crystal lattice 

perspective led to an interchange of lattice data value. Crystallite size can be measured use Scherer’s equation 

involving Bragg angle in the structure [23].  

The EDX spectral revealed the presence of elements and composition percentage with contains of O 

(30.96%), Sr (18.69%), Sn (50.35%) in weight and 75.22%, 8.29%, 16.49% in atomic number, respectively, 

using EDX apparatus with 5-keV power. However, this result is slightly different with its database with the 

percentage for the weight of O (18.073%), Sr (34.45%), Sn (46.67%) and its atomic number of 57.14%, 

30.15%, 12.69%, respectively. The samples have a larger percentage number for oxygen (O) and tin (Sn) 

compared to a database, which it could be caused by a exposure of EDX beam reaching ITO layer which consist 

two elements above. 

Figure 5 shows three-dimensional (3D) surface morphologies of the SrSnO3 thin films deposited on 

ITO coated glass using a 100-W RF magnetron sputtering. These images indicated that the uniformity of the 

deposited atoms was achieved. As a solid material surface, it also indicates massive bombardment of ion from 

target to the rotating substrate.  

Figure 6 shows the roughness average (Ra) and the grain size of SrSnO3 thin films based on an area 

ranging from 1000 to 5000 nm2. As shown in Figure 6, linear trends showed between the surface roughness and 

the grain size. At area 5000 nm2, it results in a Ra = 2.258 nm and a grain size = 197.2 nm, which indicated a 

uniform surface. The value of Ra may be affected by the 100-W RF power condition, and the axis of the sputtering 

target of 45o as thin film deposited with perpendicular axis generates smoother roughness (< 1 nm) [14]. 

 

 

 
(a) 

 
(b) 

 

 

 
(c) 

 

 

 
(d) 

 

Figure 5. AFM images of: (a) area 1x1 µm2, (b) area 5x5 µm2 with respective SEM images of,  

(c) 100.000x magnification, (d) 50.000x magnification 
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Figure 6. Roughness average (Ra) and grain size of SrSnO3 thin film 
 

 

Smooth roughness of the surface can be achieved by adjusting power lower than 100 W, as mentioned 

by other researchers [24]. In chemical synthesis growth mechanism, uniform and regular shape in the form of 

nanorod developed [13]. Based on RF magnetron sputtering deposition process, Wakana et al. has achieved 

smoother roughness compared to this experiment by lower power (50 W). Figure 7 shows the contact angle 

between a liquid and the thin film surface. The measurement of contact angle often correlates with properties 

such as adhesion, surface energy and wetting of material. Small water droplet was localized to avoid water 

surface flattening caused by gravitational force [25]. The thin films show angle value =57.50 o (< 90o) that 

means the sample has high surface-energy (metal-like) [26]. 
 

 

 
 

Figure 7. Contact angle of SrSnO3 film surface 
 
 

3.2.   Electrical conductivity 

Electrical conductivity plays an essential role in the electronic application of a semiconductor thin 

film. The resistivity of SrSnO3 thin film was measured using a four-point probe and resulted in electrical 

resistivity of 12.410-3 -cm, which equivalent to the conductivity of 8.33102 S/cm. The electrical 

conductivity of an RF sputtered SrSnO3 thin film is the similar order of magnitude with reported the  

metal-doped SrSnO3 thin films of stibium-, neodymium-, and tantalum-doped SrSnO3, which the values are 

0.110-5 -cm, 2310-3 -cm, 2110-3 -cm and 3.3310-3 -cm, respectively [5]. The uniform of grain size 

and boundary observed in the thin films resulted in the minimum electrical resistivity, thus the structure of the 

films affected the electrical properties. 
 

 

4. CONCLUSION 

In conclusion, the RF magnetron sputtering technique produce the SrSnO3 thin film with a thickness 

of 311 nm and even thickness spreads all over ITO coated glass surface. The XRD patterns showed the sharp 

curve of (002) reflection peak depicts small FWHM value of 0.47o. Its structure was orthorhombic by finding 

their different lattice values as mentioned, a=5.7040 Ǻ, b=8.06 Ǻ, c=5.7080 Ǻ or a ≠ b ≠ c and α = β = γ = 90o, 

perpendicular each other. Based on surface observation, it was classified as uniform surface, and its roughness 

(Ra) value is 2.25 nm. The Ra could achieve smoother value by lowering the RF power in the sputtering process. 

In the contact angle measurement, high surface energy was obtained on the thin film because the angle is less 

than 90o, which indicates SrSnO3 film is a metal-like type and can be functioned with organic material in a 

heterjunction type structure. The electrical resistivity of 12.410-3 -cm for the thin film of SrSnO3 that 

obtained is comparable to that of lustrous metal-doped SrSnO3 thin films with the conductivity of  

8.33102 S/cm.  
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