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study the sensitive elements on the platform are identical, the future intent is to expand the scope of 
this research by depositing different interactive layers on the same platform. 

2.2. Oxides Deposition and Characterization 

Thin films of TiO2, SnO2, SnO2/TiO2 multilayer structure and SnO2/TiO2 bilayer structure were 
deposited by RF magnetron sputtering using SnO2 and TiO2 three inch targets with purity of 99.99% 
and 99.998%, respectively. The sample rotation speed during the deposition was set up to 30 rpm for 
equal thickness distribution across the sample area. The deposition was conducted at room 
temperature and no special bias voltage was applied to the wafer. The schematics of a single-layer, a 
bilayer and a multilayer are shown in Figure 2a–c, respectively. The single-oxide samples (SnO2, TiO2) 
were sputtered under 12 mTorr of argon (Ar) pressure and RF power 200 W. The bilayer samples of 
TiO2/SnO2 were fabricated during the two step process: main layer deposition (SnO2) and surface 
doping layer deposition (TiO2). The multilayer TiO2/SnO2 structures were prepared by multiple 
consequent sputtering of two metal oxides. Different volume contents of TiO2 in SnO2 were obtained 
by varying power of the TiO2 source during its deposition phase. The multilayer structure was 
constructed out of a total of 6 layers: 3 layers of SnO2 and 3 layers of TiO2. After the deposition, the 
total thickness of each sample was verified by surface contact profilometer (KLA-Tencor 500 Alpha-
Step IQ, (TENCOR Instruments, Mountain View, CA, USA). During the sample preparation eight 
different sample structures were prepared (Table 2). After the deposition, all the samples were 
annealed in a tube furnace (MKS OTF 1200x, MTI Corporaion, Richmond, CA, USA) under 500 °C 
for 48 h in ultra-zero grade air (UZ300 Airgas 100 sccm). 

 
Figure 2. The schematics of a single-layer (a); a bilayer (b); and a multilayer (c). 

Table 2. Types of structures used in the experiments. 

Sensing Material Composition Total Thickness Sample Number 
SnO2 100% 30 nm S0 

SnO2/TiO2 bilayer 30 nm + 5 nm 35 nm S1 
SnO2/TiO2 bilayer 30 nm + 8 nm 38 nm S2 
SnO2/TiO2 bilayer 30 nm + 20 nm 50 nm S3 

SnO2/TiO2 multilayer 5% TiO2 31.5 nm S4 
SnO2/TiO2 multilayer 10% TiO2 33 nm S5 
SnO2/TiO2 multilayer 20% TiO2 36 nm S6 

TiO2 100% 30 nm S7 

The crystal structure of samples was evaluated by X-ray diffraction method (XRD). The XRD 
spectrum of samples was collected by a Thermo ARL (model XTRA, Thermo Fisher Scientific 
Waltham, MA, USA) X-ray diffraction machine (Cu Kα radiation wavelength was 0.15056 nm). A 
scanning electron microscope (SEM Zeiss Supra 35, Carl Zeiss AG, Oberkochen, Germany) was 
utilized to study the surface microstructure of the samples. The chemical composition of the samples 
was obtained by Energy Dispersive X-ray Spectroscopy (EDAX) analysis. The band gap and work 
function of tin oxide and titanium oxide were evaluated by UV visible spectrometer AvaSpec-
ULS2048L-EVO (Avantes, Louisville, CO, USA) and Kelvin probe measurement, respectively. 


