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The present study describes the synthesis of SnO2 thin films achieved by the atomic layer 
deposition technique based on the reaction of tetrakis(dimethylamino)tin (Sn(NMe2)4 and 
H2O. The experiments were realized at 2.7 × 10-4 atm and 150 °C on silicon, or boron-doped 
silicon substrates. To characterize the physicochemical properties of the films, XRD was 
used to calculate the structural parameters of SnO2 thin films. Also, SEM, XPS, Raman, and 
UV-Vis spectroscopy techniques were used to understand the morphology, composition, 
and optical properties. The results indicate that the procedure presented here offers a viable 
alternative for fabricating high-quality SnO2 thin films that can be used in various 
technological fields, such as sensors, electronic, and optoelectronic devices. 
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1. Introduction 
 
SnO2 is a material with a band gap energy of 3.6 eV at 300 K, and an excitation binding 

energy of 130 mV at 293 K. It has attracted attention towards many applications such as gas sensors, 
lithium-ion batteries, photovoltaic electrodes, laser, detectors, devices optoelectronics, 
antimicrobial, photocatalysts, etc. [1–7]  Currently, the control of size, morphology, and crystalline 
structure of the materials have become key factors for obtaining multifunctional materials with new 
properties and various technological applications, directly related to the synthesis method. In parallel 
with the large number of applications, nowadays, there are various techniques for the synthesis of 
SnO2 thin films such as metal-organic chemical vapor deposition (MOCVD), chemical spray 
pyrolysis, thermal evaporation, and atomic layer deposition (ALD), to mention a few [8–11]. Among 
them, ALD is a technique based on sequential and self-limited reactions on the surface of a substrate, 
which generate a film through each deposition cycle [12]. The main advantages provided by the 
technique are the control of the chemical composition and thickness of the film. Besides, it can be 
used on substrates with complex shapes, resulting in films with a low number of defects and high 
quality [13]. As occurs in many processes, the choice of precursors is a key point in carrying out a 
successful synthesis, prioritizing the use of easy-to-handle and environmentally friendly 
compounds. In the present study, tetrakis(dimethylamino)tin was suggested as a precursor of Sn due 
to the recent importance it has acquired in the fabrication of SnO2 thin films because it can react 
with various reagents such as water, ozone, and butanol, at relatively low deposition temperatures 
(<250 ◦ C), another advantage is that no by-products are produced that damage the deposit system 
[11,14–16]. Besides, we investigate the possible effect of the type of substrate and the synthesis 
conditions on the physicochemical properties of SnO2 thin films prepared by ALD, for its potential 
use in sensors, electronic and optoelectronic devices, among others. 
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2. Experimental 
 
SnO2 thin films were deposited by Savanah 100 ALD equipment, using silicon (100) N-type 

without dopants, and boron-doped silicon (100) P-type as substrates. The substrates were cleaned 
with H2SO4, HF, HCl, and deionized water, respectively. Before introducing the substrates into the 
ALD system, they were dried at room temperature with a nitrogen gas flow. 
Tetrakis(dimethylamino)tin (Sn(NMe2)4) and deionized water were used as precursors; while N2 
(99.999%) was used as a carrier and purge gas. The pulse and purge time were kept constant at 
0.5/30/0.015/30 s for Sn(NMe2)4/N2/H2O/N2, respectively. After 1050 deposit cycles, with a growth 
rate of 0.064 nm/cycle, thin films were obtained with a thickness of about 68 nm, in accordance with 
the rate growth shown in Fig. 1a. Finally, the films were calcined at 400 °C for 4 h to obtain the 
tetragonal crystal structure of SnO2. The synthesized films were designated as STO (silicon) and 
BSTO (boron-doped silicon), according to the used substrate. 

XRD analyses were performed on a Siemens-D 500 diffractometer with monochromatic 
radiation of CuKα = 1.54 Å, at 25 mA and 34 keV. Morphological studies were obtained using a 
field emission scanning electron microscope (FESEM, JSM-7600F JEOL. The XPS studies were 
acquired with a Thermo Scientific K-Alpha equipment equipped with an AlKα monochromator. 
Raman spectra were acquired using a WItec alpha 300 Raman spectrometer employing a 633 nm 
laser. UV-Vis spectroscopy determinations were performed using an AvaSpec-2048 spectrometer 
under reflection mode. A Horiba Ellipsometer was used to determine the film thickness. 

 
 
3. Results and discussion 
 
Fig. 1b shows the diffraction patterns for SnO2 thin films. In those analyses, the 

characteristic peaks allocated to the tetragonal structure of SnO2 were detected, in accordance with 
ICCD 41-1445 diffraction data card. The structural parameters such as crystallite size (D), texture 
coefficient (Tc), lattice parameters, a = b and c, unit cell volume (V), dislocation density (ρ), micro-
strain (ε), and stacking fault (SF) for SnO2 thin films were determined using the XRD patterns and 
the corresponding formulas described in the references [5,10,17,18] shown below, the calculated 
data are reported in Table 1. The STO film shows preferential growth along the (101) plane; while 
the BSTO film grows preferentially along the (110) plane, which may indicate that the substrate 
influences the deposit process and generate changes in the growth orientation of the films. The 
crystallite size obtained by means of the Scherrer equation for the STO and BSTO films is 8.97 and 
10.36 nm, respectively. Table 1 shows that the lattice parameters of the SnO2 films agree with the 
values reported for the tetragonal structure of SnO2 (a = b = 4.738 Å and c = 3.187 Å, ICCD 41-
1445). Furthermore, the low values of ρ, ε, and SF can be attributed to a low number of defects, 
suggesting that SnO2 compounds are high-quality thin films. 
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Table 1. Calculated structural parameters of SnO2 thin films. 
 

Sample Crystal 
plane 

Tc D(nm) a = b (Å) c (Å) V 
(Å3) 

ρ (cm-2) ε 
(× 10-3) 

SF 

STO (101) 1.55 8.97 4.7317 3.1420 70.30 0.0124 4.51 0.1452 
BSTO (110) 1.42 10.36 4.7178 3.2173 71.61 0.0093 3.57 0.1655 

 
 
In Fig. 1c, the observed morphology in STO film consists of spherical nanocrystals whose 

sizes range from 30 to 100 nm, with a homogeneous coating on the surface´s substrate. Fig. 1d shows 
an even coating of the surface, ranging from 10 to 30 nm, shaped as small aggregates which resemble 
spheres, whose diameter range from 80 to 100 nm. 
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Fig. 1. a) GPC of SnO2 produced by ALD technique, b) XRD of SnO2 thin films, c) FE-SEM micrograph of 
STO film and d) FE-SEM micrograph of BSTO film. 

 
 
Fig. 2a displays the XPS survey spectra for the SnO2 thin films calibrated using the C1s 

peak situated at 284.78 eV as a reference. The respective peaks for tin and oxygen elements were 
found. The high-resolution (H-R) scan for Sn3d is displayed in Fig. 2b. The binding energy signals 
located at 486.48 and 494.98 eV are attributed to the spin-orbit Sn3d5/2 and Sn3d3/2, respectively 
[8,10]. Also, H-R scanning for O1 reveals the presence of two signals (Fig. 2c). The signal with low 
binding energy, placed at 530.39 eV is related to O2- ions in the SnO2 structure (O-Sn4+ bonds) [19]; 
while the high-energy signal is related to chemisorbed oxygen species and hydroxyl ions [20]. No 
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signal was detected at 100 eV which is associated with Si2p, thus confirming the homogeneous 
deposit of SnO2 on the surface of both substrates.  

Fig. 2d shows the Raman spectra of the SnO2 films. The peaks at 303 cm-1, 520 cm-1, and 
620 cm-1 correspond to the silicon used as substrate [21]. For the SnO2 films the mode A1g at 639 
cm-1, was located, which is associated with vibrational modes of Sn-O bonds along the plane 
perpendicular to the c-axis [22]; on the other hand, the Eg mode found at 474 cm-1 is associated to 
the oxygen vibration on the c-axis direction. This signal is highly sensitive to oxygen vacancies [20]. 
On the other hand, the A2u (LO) mode was detected at 673 cm-1 [23]. Confirming the tetrahedral 
coordination of SnO2. 
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Fig. 2. a) General survey XPS spectra of SnO2 thin films, b) H-R scan of Sn3d for STO, c) H-R scan of O1s 
for BSTO. d) Raman spectra of SnO2 thin films. e) Diffuse reflectance of SnO2 thin films. f) Absorption edge 

spectra of SnO2 thin flims using Kubelka–Munk approach. 
 
 
The diffuse reflectance spectra (DRS) of the SnO2 thin films are shown in Fig. 2e. The 

reflectance spectra were converted into absorption spectra using the Kubelka-Munk and Tauc 
approach, according to the reference [24].  
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The band gap energy (Eg) of the films was determined from the F(R)hv2 vs hv (Fig. 2f) 

graph, extrapolating the linear contribution of the graph against the axis of the excitation energy 
F(R)hv2 = 0. The calculated Eg values are 3.02 eV and 3.05 eV, for STO and BSTO films, 
respectively; these values are lower than those reported in the literature for SnO2 films [9]. This 
reduction in their Eg can be attributed to the synthesis method, which could create high-density point 
defects (oxygen vacancies), which allowed reducing the Eg of the SnO2 films [25]. 

The results confirm that the ALD technique is an efficient method for the synthesis of high-
quality SnO2 thin films. Besides, the influence of the substrate is observed, for instance, B-doped 
silicon produces a film with fewer defects and a larger crystallite size; while silicon favors a more 
defined morphology, as well as a lower energy value in its Eg. In addition, the materials 
manufactured in this work can open a way to control specific properties in thin films, favoring the 
generation of nanomaterials with a wide room potential application in various technological areas. 

 
 
4. Conclusions 
 
The results show that the proposed experimental operating conditions allowed the successful 

synthesis of SnO2 thin films through an ALD deposit process. The tetragonal structure of SnO2 was 
confirmed by XRD analysis, and the films showed a crystallite size of approximately 10 nm. The 
fabricated films have a low defect density. Optical properties of the films show an energy absorption 
in the visible region. Besides, the substrate appears to be a critical factor affecting the preferential 
growth, morphology and light absorption of the films, where the STO film showed the lowest Eg 
(3.02 eV). These results demonstrate that SnO2 thin films can be viable materials for application in 
different technological fields, as well as for use as templates for further growth of nanostructured 
materials. 
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