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Abstract 

Tin Oxide/Dioxide material plays an important role 

in many applications such as solar cell, sensors, 

optical devices and electronic devices. Tin 

oxide/dioxide films were thermally grown on glass 

substrates by the thermal method of pure metallic 

tin powder on glass substrates with 100nm 

thickness at 300oC substrate temperature for 

glucose sensing. An aluminium electrode was used 

as the contact on top of the thin films. It was used 

to detect the various glucose concentrations 

(50,100,150,200, 250 & 300) mg/dL at room 

temperature. The films were annealed at different 

temperatures and investigated for oxidation, 

physical and structural properties. The surface 

properties were studied by scanning electron 

microscopy and atomic force microscopy. 

Different elements of oxide films were recorded by 

energy dispersive X-ray (EDAX). For structural 

analysis, X-ray diffraction measurements were 

carried out and electrochemical workstation was 

used to analyse the glucose (C6H12O6) sensing. It 

was found to be the SnO2 film at 500oC temperature 

shows a better response than the other films and this 

was obtained as a biomedical sensor. 

Keywords: Tin oxide, Muffle furnace, Thermal 

evaporation, Glucose sensor. 

 

 

Introduction 

Transparent conducting oxides have been widely 

used in different areas due to their many useful 

properties such as wide band gap (3.6eV) material 

with intrinsic n-type  

 

 

 

semiconductor characteristics and high 

transparency in the visible range. Literature survey 

reveals that, Stannic oxide prepared by different 

low dimensional Nanostructures such as 

nanotubes, nanowires, nanoribbons [1], 

Nanoplatelets [2], Springs, Rings and Spirals [3], 

Nanosheets [4], Nanobelts [5], quantum dots [6]. 

Owing to the interesting properties of different 

dimensional leads to the preparation of tin oxide 

nanostructures by various techniques of 

hydrothermal synthesis [7]. Various methods for 

the preparation of tin thin films are employed such 

as thermal deposition, chemical vapour deposition, 

DC/RF sputtering, sol-gel methods [8] and 

hydrothermal route [9].   

Glucose sensing has received attention in 

the field of clinical analysis and diagnosis to detect 

glucose concentration due to the advantages of high 

sensitivity and excellent robustness than micro 

glucose sensors. Here, we prepared tin oxide thin 

film by thermal evaporation. Generally, tin oxide 

thin films were prepared by evaporation of tin 

powder and simultaneously supply of oxygen into 

the chamber using e-beam and sputtering 

techniques, etc. The novelty of this work is 

preparing a tin thin film on the substrate by thermal 

evaporation and then by annealing inside the 

muffle furnace to get tin oxide/dioxide thin films 

by different temperature. This study helps the 

researcher to form a thin film on a new route. To 

the best of our knowledge, this cooperative 

synthesis technique to prepare tin oxide thin film 

has not been done before. This is the first report to 

prepare tin oxide thin film by Cooperative 

synthesis technique. The prepared tin oxide films 
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used to produce glucose sensor with an aluminium 

contact electrode. The produced films were 

examined by various techniques such as 

morphology studies by using Scanning Electron 

Microscope (SEM), elemental composition 

through Energy Dispersive X-Ray (EDAX) and 

structural studies by Atomic Force Microscopy 

(AFM). 

Materials and Methods 

The glucose (C6H12O6) sensing device was 

achieved by the three-step method.  

Step1: Sn (Tin) thin films were prepared by the 

thermal method, the pure metallic tin powder used 

as source powder, at a substrate temperature of 

300oC on a borosilicate glass substrate, before 

placing into the chamber, cleaned with ultra 

sonicator for 15 minutes. High purity metallic tin 

powder was placed into the boat, the chamber was 

pressure was evacuated to 5X10-5 mbar. The film 

thickness was maintained at 100nm.  

Step 2: The prepared tin thin films was kept inside 

the muffle furnace. The thin film was annealed at 

various temperatures (300oC, 400oC, 500oC, 

600oC) at one-hour duration.  

Step 3: Aluminium interdigitate electrode was 

coated on the prepared tin oxide thin film using a 

thermal evaporation technique for glucose sensor 

device. This device was used to analyse the 

Glucose sensing for different concentrations of 

50,100,150,200, 250 and 300mg/dL. The sensor 

was analysed by using the electrochemical 

workstation (CHI604D) instrument. 

Result and Discussion 

Scanning Electron Microscope (SEM) studies 

Fig: 1 shows the surface morphology studies of 

SnO and SnO2 thin films on glass substrate using 

muffle furnace were investigated through scanning 

electron microscopy images. The tin oxide particles 

were scattered and irregularly arranged with nearly 

spherical shapes shown in figs. (A) - (E). All films 

are an agglomeration of the particles occurred with 

irregular shapes of films and diameter ranging from 

50nm to 100nm size. When the annealing 

temperature increased, the surface of the films was 

relatively uniform and dense particles formation 

was found. The crystals in film grown at 600oC 

were a lenticular shape as shown in fig. (E). 

Energy Dispersion X-ray (EDAX) analysis 

The EDAX analysis was done for as-deposited and 

annealed films and it is shown in fig.2 it reveals the 

presence of various ingredients like C, N, O, Si, Au, 

Na, Mg, Sn and Ca. The SnO and SnO2 was 

confirmed by EDAX analysis of the films. fig.2 

(A), (B) & (C) is for as-deposited SnO thin film 

shows the Oxygen atomic percentage nearly same 

as tin atomic percentage. Fig.2 (D) & (E) is for as-

deposited SnO2 thin film shows the Oxygen atomic 

percentage twice that of as tin atomic percentage 

and a low percentage of C(Carbon), N(Nitrogen), 

Si (SiO2), Na (Albite), Mg (MgO) and Ca 

(Calcium) ingredients are from glass and Au(Gold) 

from sputtering deposition. The Sn and O 

deposition is confirmed the Atomic percentage and 

weight percentages. Atomic and weight percentage 

were given in the insert table for all different 

temperature EDAX images. The data confirmed the 

presence of tin and Oxygen in all films.  

Atomic force microscopy (AFM) studies 

Fig.3 shows the three-dimensional atomic force 

microscopy (AFM) images. The parameters of 

prepared tin film and different annealing 

temperatures values were tabulated and are shown 

in table 1. It is concluded from Table 1, the average 

roughness values increased from without annealing 

of tin film to high temperature annealed at 600 oC. 

This variation is due to the formation of a cluster of 

tin oxide particle in high temperature. This result is 

similar to the SEM images. 

The grain size was found samples of annealed 

different temperature were determined using XRD 

with Cu Kα radiation. The XRD patterns shown in 

fig.4 demonstrated that the deposited films were 

orthorhombic and tetragonal crystal structure of 

SnO and SnO2 respectively. XRD data is presented 
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in Table 1 represents the peaks at 2: 30.72, 31.8, 

44.4.55.3, 62.2, and 64.2 represents a tetragonal 

crystalline phase of SnO and table 2 shows the 

peaks at 2:43.5, 51.2, 55.5 which represents 

Orthorhombic crystal structure of Sno2 Crystallite 

size and lattice strain have been determined in the 

table (2-4) according to equation [10,11].  The SnO 

and SnO2 grain size increased as the annealing 

temperature was increased. We calculated the grain 

size (table shown) of films grown at various 

annealing temperatures by using the Scherrer 

equation (1)  

             D=0.9λ/βcosθ           (1)                                                               

Where D is the crystallite size, λ is the X-ray 

wavelength, β is the full width at half maximum of 

the diffraction peak, and θ is the Bragg diffraction 

angle of the diffraction peaks. Inter planar spacing, 

grain size, lattice strain was found for the SnO and 

SnO2 structures. When 2  values are increasing the 

grain size was increasing. Other structural 

parameters were shown in table2. Tin oxide 

structural parameters were shown in Table3. 

The intermediate annealing temperatures, between 

substrate temperatures 300oC and annealed 

temperatures from 300oC to 600oC at one hour, 

peaks of the SnO and SnO2 grain size was analysed. 

For all different annealing temperature interplanar 

spacing, grain size, lattice strain was found, almost 

all were in the same size. 

 

Glucose Sensor characteristics 

Table 5 shows six glucose concentrations spread 

across the sample. The tested glucose concentration 

was 50, 100, 150, 200, 250 and 300mg/dL.Change 

in resistance was measured for all the annealed 

temperature samples. The resistance of the sample 

at different glucose concentration and using double 

distilled water the TDS level 5 was taken [12-14]. 

Table 5 shows the sensing behaviour of without 

annealing of tin film at different annealed 

temperatures of thin-film samples. All different 

concentration of the solution was dropped on the 

sample and resistance were measured.  

         From the table, we observed that the 

resistance was almost same in all concentration for 

without annealing thin film. Annealed at 300oC, 

400oC and 600oC temperatures the resistance are 

constant in all concentration. Annealed at 500oC 

temperature shows a considerable response to the 

glucose. This is due to the formation of SnO2 film. 

At 600oC temperature the film form big clusters 

particles. This make discontinues glucose 

formation on the sample, this makes again the 

samples was non-sensing behaviour. This 

concludes the sample is smoother and helps the 

sensing behaviour [15].  

Conclusion  

The tin metal powder was thermally evaporated on 

the glass substrate in 5x10-5 mbar vacuum at 300oC 

substrate temperature and it was found that 

annealed temperature has a significant impact on 

crystal structure to form the SnO and SnO2 thin 

films. The properties of the films were analysed. 

Elemental values were obtained from EDAX 

results. The X-ray diffraction pattern of the Tin thin 

films corresponded to the diffraction peak typical 

of SnO and SnO2 and the rutile phase of SnO with 

Orthorhombic crystal structure and SnO2 with 

tetragonal crystal structure were studied. 

Morphological 
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characteristics of SnO and SnO2 Nanocrystalline thin films are relatively uniform and dense particles 

formation was found. These results reveal that tin oxide/dioxide thin films can be prepared without oxygen 

gas. It was done using thermal evaporation and muffle furnace technique only, this creates a new path of 

preparation of tin oxide/dioxide thin films. Finally, the glucose sensor was made using SnO2 thin film. From 

the results, it was found to be the SnO2 film at 500oC temperature shows favourable response than the other 

films for glucose (C6H12O6) detection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 shows Surface analysis of Tin Oxide films for different annealing temperatures (A) without annealing 

of tin film, (B) 

Annealed at 

300°C, (C) 400°C, 

(D) 500°C and (E) 

600°C for one 

hour. 

 

 

 

 

 

 

 

 

Samples Roughness 

average Sa 

Valley 

depth Sv 

Peak height 

Sp 

Peak valley 

height Sy 

Without annealing 

of the tin film 

5.2456nm -31.738nm 30.823nm 62.561nm 

Annealing  at 300oC 5.4726nm -48.523nm 43.335nm 91.858nm 

Annealing  at 400 oC 4.6832nm -41.199nm 36.926nm 78.125nm 

Annealing  at 500 oC 8.6269nm -93.994nm 192.87nm 286.87nm 

Annealing  at 600 oC 25.179nm -102.23nm 975.34nm 1077.6nm 

(B) (A

(C) (D) 

(E) 
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Table 1 shows Roughness average Sa, Valley depth Sy, peak height SP, peak valley height Sy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 shows EDAX analysis of Tin Oxide films for different annealing temperatures, (A) without annealed of 

tin film, (B) Annealed at 300°C, (C) 400°C, (D) 500°C, (E) 600°C for one hour. 

2 
(hkl) planes Inter-Planar distances (d) 

in Ao 

Grain Size (D)in nm Lattice strain 

30.72 (101) 2.9 21.50 0.0064 

31.8 (020) 2.8 22.13 0.0060 

44.4 (024) 2 21.86 0.0044 

55.3 (116) 1.7 23.43 0.0033 

62.2 (206) 1.5 23.64 0.0030 

64.2 (225) 1.5 24.4 0.0028 
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Table2 XRD analysis of SnO Nano crystallites of the tetragonal crystal structure with temperature substrate 

temperature 300oC thin film, substrate temperature films annealed 300oC for one hour, substrate temperature 

films annealed 400oC for one hour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 shows AFM analysis of Tin oxide films for different annealing temperatures (A) without annealing of 

tin film, (B) Annealed at 300°C, (C)400°C, (D)500°C, (E),600°C respectively at one hour. 

(a) (b) 

(c) (d) 

(e) 
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Table 3 Orthorhombic crystal structure substrate temperature films annealed 500oC for 1 hour, substrate 

temperature films annealed 500oC for 1 hour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 shows the XRD pattern for SnO/SnO2 films prepared on a glass substrate at different temperature (a) 

without annealing of tin oxide thin film, (b) Annealed at 300oC, (c)400oC, (d)500oC  (e) 600oC for one hour. 

 

 

 

 

 

 

 

2 
(hkl) planes Inter-Planar distances (d) 

In Ao 

grain Size in nm       Lattice strain 

43.5 (210) 2.1 4.02 0.0243 

51.2 (211) 1.8 9.69 0.0087 

55.5 (220) 1.7 7.20 0.0108 

57.5 (002) 1.6 5.92 0.0127 
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 The resistance 

of the sample 

MΩ 

Water 

0mg/dL 

MΩ 

50 

mg/dL 

MΩ 

100 

mg/dL 

MΩ 

150 

mg/dL 

MΩ 

200 

mg/dL 

MΩ 

250 

mg/dL 

MΩ 

300 

mg/dL 

MΩ 

Without 

annealing  

4.84 3.98 3.98 3.98  3.98 3.98 3.98 0.52 

Annealed at 

300oC 

39.88 39.88 39.88 39.88  39.88 39.88 39.88 39.88 

Annealed at 

400oC 

39.88 39.88 39.88 39.88 39.88 39.88 39.88 39.88 

Annealed at 

500oC 

0.5 0.514 0.466 0.672 0.59 0.78 0.841 0.826 

Annealed at 

600oC 

3.98 3.98 3.98 3.98 3.98 3.98 3.98 3.98 

                                Table 5 shows glucose concentration and resistance 

 

Substrate temperature 

(300oC) annealed 
2 Interplanar spacing (d) in 

Ao 

Grain  Size (D) in 

nm 

Lattice 

strain 

000oC 30.5 2.9 21.51 0.0064 

300oC 30.6 2.9 21.51 0.0064 

400oC 30.6 2.9 17.21 0.0080 

500oC 30.6 2.9 21.51 0.0064 

600oC 30.5 2.9 21.51 0.0064 

                     Table 4 structural parameters of SnO/SnO2 at different temperature 
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