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ABSTRACT 
Indium tin oxide (ITO) transparent thin films were deposited onto glass substrates by chemical thermal spray pyrolysis using 
aqueous solution of tin chloride (SnCl4.5H2O) and indium chloride (InCl3). Surface investigations carried out by Atomic Force 
Microscopy (AFM) and X-ray diffraction (XRD) have been great influence of the indium concentration on film surface 
morphology. Film roughness (RMS), grain size are affected by varying indium addition concentrations, XRD measurements have 
proven that the sprayed films are polycrystalline with the (110) plane as preferential crystallographic orientation for all prepared 
samples in addition to three small peaks belong to the (101), (200) and (211) planes, these peaks decreased and vanished with 
increased of doping concentration. The grain density decreases and the roughness of these films are increase for (5wt.%,10wt. 
%,15wt.%) due to the existence of many hillocks, which are faceted and distributed randomly on the relatively smooth surface. 
The glucose sensing behavior of the films was observed for various concentrations at room temperature. The sensing current was 
found to be increase with increase in glucose concentration and decreased with increase in a doping concentration. 
 
1. INTRODUCTION 
Tin Oxide (SnO2) is one of the most important transparent conducting oxide (TCO) films, they have been widely used as 
a thin film material for application in various fields such as gas sensors, optoelectronic devices, flat panel displays, heat 
mirrors, and solar cells. Indium tin oxide (ITO) is a highly degenerate n-type semiconductor with low electrical 
resistivity. ITO is a wide band gap semiconductor (3.3 eV to 4.3 eV) [1]. There are several deposition techniques to grow 
ITO thin films including chemical vapor deposition, magnetron sputtering, evaporation, spray pyrolysis and pulsed laser 
(PLD).[2] 
Chemical spray pyrolysis has advantages among these methods, it is one of the simplest deposition techniques employed 
in various kinds of thin films and its compatibility with large area coatings without high vacuum ambience. Furthermore, 
the capital cost and the production cost of high quality metal oxide thin films is lowest for sprayed thin films. Moreover, 
the spray pyrolysis technique is well suited to controlling the texture via the tuning deposition temperature and mass 
production capability for uniform large area coatings ablation [3]. 
Amperometric biosensors function depends on the current produced when a potential is applied between two 
electrodes[4]. A biosensor is a self-contained integrated device capable of providing specific quantitative or semi 
quantitative analytical information using a biological recognition element (biochemical receptor), which is in direct 
spatial contact with a transducer element. Since the first amperometric biosensor was invented for continuous monitoring 
of glucose in cardiovascular surgery in 1962 (Clark and Lyons, 1962), a number of techniques and methodologies 
focusing on improvements of signal transduction and immobilizations of the biological recognition element, glucose 
oxidase (GOx) have been extensively established and developed. Most glucose biosensors are based on the glucose 
oxidation catalyzed by GOx as in the chemical reaction [5]: 
 
    GOx  
D-Glucose+ O2 → H2O2+D+Gluconolactone   
 

which is then followed by a non-enzymatic hydrolysis: 
 

D+Gluconolactone+ H2O→ D+Gluconic acid. 
  

This study focuses on prepared undoped SnO2 thin films and Indium doped with SnO2 thin films with different 
concentration ( 5wt.%,10wt.% and15wt.%) by chemical spray pyrolysis and study the effect of In2O3 on structural, 
morphological and amperomtric for sensing properties. 
 
EXPERIMENTAL 
SnO2 nanoparticle thin films with and without In doping prepared by thermal spray pyrolysis method. Tin chloride 
(SnCl2.5H2O) (99.8% in purity, Aldrich) and InCl3 (98%) (0.1M), dissolved completely in 50 mL of distilled water to 
form an aqueous – isopropanol solution. This solution deposited on glass substrate by the spray pyrolysis technique at 
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temperature range from 400 °C to 450°C, which is known to be the optimal range for the formation of SnO2 films. The 
conditions of sprayer were: 3 atm. in pressure carrier gas, and 30 cm in substrate-to-nozzle distance. The sprayed metallic 
salt solution on to a hot substrate, chemical reaction takes place on the heated substrate caused to pyrolitically decomposes 
and a thin layer of SnO2 is form, the setup of the of the deposition equipment is illustrated in the Figure (1):                           

 
Figure(1) ). Schematic representation of the spray system.The deposition system consists of the following parts 

:(1) Time controller (2) Hood's ventilation fan(3) N2 gas cylinder (4) atomizer(5) substrate(6) substrate heater (7) 
substrate temperature Controller(8) glass container for solution 

 
Thickness of SnO2 thin film is calculated using gravimetric method through weighing the substrate before and after 
deposition as in relation: 
 
t = Δm / ρ A ………………………………………..(1) 
 
Where Δm is the mass difference ( before and after deposition ) , ρ is the density and A is the area of deposited film.                                                                                                          
 
The crystalline structure of the thin films, obtained at  450  temperatures were examined by X-ray diffractometer 
(Miniflex Model, Rigaku, Japan) using CuKα radiation with a wavelength, λ = 1·5418 Å. . The morphological of the 
films were analyzed using Atomice force Microscope(AFM) and scanning electron Microscope(SEM). 

 
The sensing characterization of pure tin oxide and indium doped tin oxide thin films have 
been studied for different glucose concentrations (0.05, 0.1, 0.15, 0.2 and 0.25) %. For calculating mass 

of glucose in the current experiment the following equation was used 

1000.
VMwt

tW


 ……………….. (2)                                                          

When: M: concentration of molarities,Wt: weight of  material, Mwt: molecular weight of glcose       
                                                                                                

RESULTS AND DISCUSSION 
Fig. 2 shows XRD patterns of the InxSn1-xO2 (x = 0.05, 0.10 or 0.15) nanoparticles prepared 
by spray pyrolysis method on glass substrates. Four peaks corresponding to (110), (101), 
(200) and (211) planes were observed for all the samples accept the sample (x=0.15). 
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Fig.2: XRD patterns of SnO2 films grown on glass substrate a) 0 and doped with In 

b) 5%   c) 10%  d) 15% at 450C . 
 
SnO2 has a tetragonal structure, the peak of the (110) plane is parallel to the substrate. The lattice constants are 
a=b=4.729 Å and c =3.190 Å. A few extra peaks not associated with the cassiterite structure appear to be beginnings of a 
not fully formed In2O3 (bixbyite) structure . 
At higher doping ratio of indium oxide peaks become evident, indicating that it has formed a separate phase. Indium is 
much closer in size to a tin atom and will more easily substitute and dope into the SnO2 crystal lattice, the intensity of 
other peaks is small; it indicates that our films are textured. At that, the degree of the texturing depends on the kind of 
sprayed solution used, they indicate that the change of predominant orientation of crystallites, confirms the cassiterite 
structure of nanocrystalline SnO2. The (110) is the dominant crystal structure of the low-index crystal faces for this 
material due to its stability. This is the desired structure of SnO2 for sensing applications since its prevalent (110) growth 
plane is extremely stable and can reject oxygen with little distortion. Growth of this plane helps in achieving high oxygen 
vacancy concentrations at low temperatures. The result is in a good agreement with data mentioned in the literature 
(JCPDF card no 36-1451). 
AFM has been used to study the surface morphology with resolution of 0.1 nm. The images of the undoped and In doped 
SnO2 at 450oC on glass substrate are shown in Figure (3): 
Fig. 3: AFM image of the doped and undoped SnO2 thin films at various concentration of In. 
( a.0wt.%,b.5wt.%,c.10wt.%,d.15wt%) 
The grain size and RMS roughness of these films is shown in displayed a granular structure, the granular films show 
higher surface area which is more attractive for film - gas interaction and results in higher sensitivity of the undoped 
SnO2, a coarse and irregular surface with low grain density distribution and these grains are not tightly packed is evident. 
The small spherical grains agglomerates are shown in the f smooth enough due to optimization of the deposition 
conditions such as distance between the nozzle and the substrate. A lower surface roughness with uniform oriented for the 
columnar structure which is associated with the (110) SnO2textured growth. The grain density decreases and 
theroughness of these films are increase for (5wt.%,10wt. %,15wt.%) due to the existence of many hillocks, which are 
faceted and distributed randomly on the relatively smooth surface[6]. 

                                                                  
Fig. 3: AFM image image of the doped and undoped SnO2 thin films  at various concentration of In. 

( a.0wt.%,b.5wt.%,c.10wt.%,d.15wt%) 
 

The grain size and RMS roughness of these films is shown in displayed a granular structure. The granular films show 
higher surface area, which is conducive for film gas interaction and results in higher sensitivity In the undoped SnO2 a 
coarse and irregular surface with low grain density distribution and these grains are not tightly packed is evident. The 
small spherical grains agglomerates are shown in the f smooth enough due to optimization of the deposition conditions 
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such as distance between the nozzle and the substrate . A lower surface roughness with uniform oriented for  the 
columnar structure which is associated with the (110) SnO2textured growth . The grain density decreases and the 
roughness of these films are increase for (5wt.%,10wt. %,15wt.%) due to the existence of many hillocks, which are 
faceted and distributed randomly on the relatively smooth surface[6]. 
 The effect of the indium concentration on the average grain size is clearly depicted in the Figure (4), the increasing of 
the doping concentration cause decrease the average grain size. 
 

 
Figure(4): The effect of doping concentration on the average grain size. 

 
Amperometrice sensing  characteristics of sno2 ,sno2;In2o3 films 
 
The sensing characterization was carried out by (I-V) measurements with a range of bias voltage of (0 - 15) volts, for 
glucose concentration of (0.05, 0.1, 0.15, 0.2, and 0.25). 
Figure (6) shows the sensing current of the undoped SnO2 thin film, it is clearly appear that the film mostly behaves 
under ohmic relation as well as the increase of glucose concentration may cause increasing the sensing current. 
 

 
Figure(6) The sensing current as a relation of glucose concentration of 

 (0.05,0.1,0,15,0.2,0.25)% for undoped SnO2 film. 
 
The doping of In2O3 (5 wt.%) to SnO2 makes no real change in the sensing current, still the increasing of glucose 
concentration cause to increase the sensing current. Figure (7) shows the sensing current for different glucose 
concentration with the bias voltage at range of 1to15 volts. 

 

 
Figure(7) The sensing current of 5wt.% In2O3 doped SnO2 for glucose concentration of (0.05,0.1,0,15,0.2,0.25)%.. 

 
The more addition of In2O3 (10wt.% and 15wt.%) to SnO2 may change the electrical of the tin oxide film from ohmic to 
Schottky-like behavior and lowering the output sensing current, this is may be due to the interstitial type of doping which 
caused to create new sites and defects inside the structure. The barrier between grains built-up and blocked the charge 
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carriers and prevent them to pass from it, then the sensing current decrease. Figures (8 and 9) show the effect of further 
doping of In2O3 on the sensing current. 
 

 
Figure(8) The sensing current of 10wt.% In2O3 doped SnO2 for glucose concentration of 

(0.05,0.1,0,15,0.2,0.25)%. 
 

 
Figure(9) show the sensing current(μA) for 15wt.% In2O3doped SnO2 for glucose concentration of 

(0.05,0.1,0,15,0.2,0.25)% as arelation of  biase voltage. 
 

Depending on the above results, the In2O3 dopant concentration to SnO2 thin films decreases the glucose sensing 
current, furthermore it enhanced the film sensitivity. Figure (10) shows the dependence of sensing current on the doping 
concentration as well as the glucose concentration. 
 

 
Figure(10) The sensing current of 0wt%,5wt%,10wt%,15wt.% In2O3 doped SnO2 for glucose concentration  

of(0.05,0.1,0,15,0.2,0.25)%. 
                                                                                                                                                                                                                                      
CONCLUSIONS 
Indium oxide doped tin dioxide samples were deposited on the glass substrate using spray pyrolysis method at optimum 
conditions. The effect of In2O3 on structural, morphological and sensing properties has been studied. Naturally deposited 
thin films were nano-crystalline structure, exhibiting a tetragonal structure. In general, the prepared films responded to 
the glucose solution at different concentrations. The sensing current of the film increase with an increase in the 
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concentration of glucose, while it decrease with increase in the doping concentration. The experimental results show that 
the enhanced sensitivity is attributed to increase in the doping concentration. 
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