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Tin oxide (SnO2) thin films are having promising properties such as high visible transmittance and low 

electric resistivity, makes them very important transparent conductor in a variety of optoelectronics devic-

es. Further, doping with pentavalent impurity such as Antimony (Sb) enhances its conductivity considera-

bly. In order to study the effect of Antimony doping, Antimony doped tin oxide (SnO2 : Sb) thin films have 

been prepared by the co-evaporation of Sn and Sb using Plasma Assisted Thermal Evaporation (PATE) in 

oxygen (O2) partial pressure at various doping level from 4% to 25%. The influence of various Sb doping 

levels on the compositional, electrical, optical and structural properties have been investigated using En-

ergy Dispersive X-ray (EDX) spectroscopy, Ultraviolet-Visible (UV-VIS) transmission spectroscopy, four-

probe resistivity measurement and X-ray Diffraction (XRD), respectively. EDX studies confirmed the dif-

ferent Sb doping levels in the grown films from 4 % to 25 %, while electrical resistivity is obtained in range 

of 0.36 to 9.5 Ohm cm using four-probe setup for 4 % to 25 % Sb doping levels. Transmittance spectra 

measured in UV-VIS range for Sb doped films show reduction in an average transmittance in respect to in-

crease in Sb doping levels in the grown films. Whereas, XRD analysis reveals that higher Sb doping of 

25 % induce the precipitation of antimony oxide (Sb2O3) phase and its precipitation suppressed the growth 

of SnO2 peaks as well as responsible for reduction in conductivity and transparency. The best electrical re-

sistivity of optimized SnO2 : Sb (5 %) is 0.36 Ohm cm without deteriorating the high (~ 80 %) average 

transmittance in the wavelength region 300-800 nm in comparison to undoped SnO2 film (6.57 Ohm cm) , 

confirm the usefulness of SnO2 : Sb (5 %) films for device applications. 
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1. INTRODUCTION 
 

Transparent Conducting Oxides (TCOs) like In2O3, 

SnO2, ZnO, In2O3 : Sn etc are employed as transparent 

electrode in solar cells, flat-panel displays, light emit-

ting diodes, electro chromic windows, gas and chemical 

sensors due to their promising properties[1]. Among 

these TCO’s, In2O3 : Sn also referred as Indium Tin  

Oxide (ITO) is most  widely used TCO due to its high 

visible transmittance (~ 90 % at 550 nm), low electrical 

resistivity (~ 2  10 – 4 Ω cm), and relatively high work 

function (≈ 4.8 eV) [1]. However, ITO is an expensive 

TCO since indium in ITO is a rare and expensive ele-

ment. Therefore, a lot of effort has been directed to de-

velop more economical alternative TCO materials such 

SnO2 : Sb. Impurity doped SnO2 is cheaper and easier to 

fabricate than ITO. Thus, impurity doped SnO2 is more 

favorable than ITO in various fields such as solar cells, 

optoelectronics devices, flat panel displays and gas sen-

sors [1]. 

SnO2 : Sb thin films have been prepared by various 

methods like activated reactive evaporation [2], Plasma 

enhanced-CVD [3], Electroless deposition [4], Radio 

frequency (RF) [5], and Direct Current (DC) magnetron 

sputtering [6], Electron beam evaporation (e-beam) [7], 

Sol Gel technique [8, 9], Spray Pyrolysis [10], and  

hydrothermal method [11]. In present study, SnO2 : Sb 

thin films are deposited by co-evaporation of Sb and Sn 

using PATE technique. The effects of dopant concentra-

tion on electrical, optical and structural properties are 

studied over a considerable range from 0 to 25 % of Sb 

content in the grown films. The detail optical, structur-

al, compositional and electrical analysis of the deposit-

ed films have been performed using optical transmis-

sion spectroscopy, XRD, EDX, SEM and Four-probe 

setup respectively. 

 

2. EXPERIMENTAL  
 

SnO2 : Sb films are deposited on pre heated (350-

375 °C) glass and double side polished silicon wafers by 

coevaporating metallic tin (Sn, 99.80 %, supplied by 

Acros Organics, USA) and antimony(Sb, 99 + %, sup-

plied by Acros Organics, USA) in the presence of O2 

plasma. The vacuum chamber is evacuated to base 

pressure of 2  10 – 5 mbar prior to each deposition. O2 

plasma is formed using RF (13.56 MHz) supply con-

nected between the resistively heated molybdenum 

boats and substrate (separated by 10 cm) in order to 

enhance the reaction of evaporating Sn, Sb atoms with 

O2. The O2 partial pressure is kept fixed to 10 – 3 mbar 

and Sb doping level in the deposited films is varied by 

varying the current applied to the corresponding mo-

lybdenum boat. The schematic of experimental set up is 

shown in Fig. 1 and further experimental details are 

mentioned in our recent published work [12]. 
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Fig. 1 – A schematic diagram of dual source Plasma Assisted Thermal Evaporation for antimony doped tin oxide thin film deposi-

tions: 1) Evaporation boat; 2) Source material; 3) Oxygen plasma; 4) Evaporated atoms; 5) Deposited thin film; 6) Substrate; 7) 

Substrate heater. MN  Matching network; RF  13.56 MHz supply 
 

The optical transmission of the deposited films are 

measured in the wavelength region of 280-800 nm of 

the spectrum using Spectrophotometer (Shimadzu UV-

VIS 1800). The crystallinity of the films are investigat-

ed using Cu-Kα radiation (Rich Seifert make model 

XRD 3000PTS). The electrical properties are measured 

by four point probe at room temperature with linear 

contact geometry using spring-loaded probes pressing 

on the film surface. SEM (440i, LEO make, UK) used to 

study surface morphology and thickness of films by 

cross-sectional measurement, whereas elemental anal-

ysis performed with EDX analysis (7060, Oxford make, 

UK). 
 

 

 
 

Fig. 2 – SnO2 : Sb films deposited on glass substrates by co-

evaporation of Sb and Sn using PATE (a) XRD patterns and 

(b) Resistivity dependence for different Sb doping levels rang-

ing from 0 to 25 % 

 

3. RESULTS AND DISCUSSION 
 

XRD patterns obtained for SnO2 : Sb films at different 

doping levels of Sb grown at 375 ºC are shown in Fig. 2a. 

For undoped (i.e. SnO2) films grown by PATE, the pre-

ferred orientation is SnO2 (110) with rutile structure and 

it contains both SnO and SnO2 phases. With low levels 

doping of Sb (4 to 7 %), there is no significant change in 

the XRD pattern, which could be due to the substitution of 

Sn atoms by Sb in the SnO2 lattice (only for Sb 5 % XRD 

shown in the Fig. 2a). As the doping level of Sb is in-

creased to 17 %, a peak attributed to SnO (101) phase at 

29.86 enhanced drastically. Also, with this doping level 

SnO2 peaks are suppressed which is evident from the 

XRD spectra. Further increment in the Sb doping level of 

25 %, a new peak at 32.02 arises and it is identified as 

Sb2O3, belongs to antimony oxide, as also suggested in the 

literature owning to higher dopant level of Sb. Due to this 

high doping of Sb, the growth of SnO2 phase is further 

suppressed in the grown films. This suppression might be 

due to the precipitation of the antimony oxide as reported 

in the literature [13, 14, 15]. 

The effect of Sb doping on resistivity of deposited films 

are measured by four probe shown in the Fig. 2b. It is 

observed from the plot that at low doping levels of Sb up 

to 5 % the resistivity decreases and at high doping level 

from 7 to 25 %, the resistivity increases. On other hand 

the resistivity of undoped (i.e. SnO2) film is 6.57 Ω cm, 

which is very large. It is noted from the plot that doping 

with Sb of 5 %, the value of resistivity falls sharply to 

0.36 Ω cm from undoped value (i.e. 6.57 Ω-cm). Further, 

increase in Sb content from 7 to 25 %, resistivity sharply 

increase from 0.43 to 9.43 Ω cm. Hence, in the initial stag-

es, Sb doping increases the carrier concentration and mo-

bility, which is resulted in lowering of the resistivity. The 

increase in carrier concentration could be due to the sub-

stitutional doping of SnO atoms in SnO2 lattice by replac-

ing Sn atoms and contribute more electrons for conduction 

(acting as donor). It is also reported that the initial de-

crease in resistivity is due to the substitution of Sn4 + by 

Sb5 + in the SnO2 lattice as their ionic radii are matching 

at low doping levels of Sb, which act as a donor and hence 

there will be increase in the carrier concentration. [6, 10, 

16, 17]. 
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Fig. 3 – (a) Optical transmission spectra and (b) the plot of 

( hv)2 against hν for SnO2 : Sb films deposited on glass sub-

strates with various doping levels of Sb 
 

Fig. 3a shows optical transmittance spectra of 

SnO2 : Sb films for different Sb levels (5, 15, and 25 %) 

measured in the wavelength range from 280-800 nm. It 

is observed from the Fig. 3a that transmittance is high 

(≈ 80 %) for the thin films deposited at low doping lev-

els of Sb (5 %). Whereas, further increase in the Sb 

doping level to 15 %, transmittance drastically reduces 

to ≈ 50 % and resulted in a large variation in the ab-

sorption edge, shifted towards longer wavelength re-

gion. Further increase in the Sb doping to 25 %, the 

transmittance reduces further to ≈ 30 %. In order to 

determine the optical band gap of the deposited 

SnO2 : Sb films, a graph is plotted between ( hv)2 and 

hν shown in Fig. 3b. An extrapolation of the straight-

line portion of the plot to the energy (hv) axis gives 

optical band gap values of the deposited SnO2 : Sb 

films. From the Fig. 3b, it is observed that optical band 

gap of the deposited films reduce with the increase in 

the Sb doping level from ≈ 4.1 eV for 5 % Sb to 

≈ 2.9 and 2.8 eV for 17 and 25 % Sb, respectively. 

A typical EDX spectrum obtained for SnO2 : Sb films 

are shown in Fig. 4a, confirm the presence of Sb ele-

ment in all co-evaporated films. The atomic weight per-

centages of Sb in these films are calculated through 

area under the curve analysis of peaks belongs of Sn 

and Sb. A cross-section SEM image (Fig. 4b) shows the 

total thickness of films prepared by co-evaporation Sb 

and Sn by PATE. In present study, all films are grown 

at 2-3 nm/sec deposition rates. 

 

 
 

 
 

Fig. 4 – (a) a typical EDX spectrum obtained from SnO2 : Sb 

thin films on silicon wafers by EDX analysis and (b) SEM 

cross section view of Sb : SnO2 thin film deposited by co evapo-

ration of Sb and Sn 

 

4. CONCLUSION 
 

We have investigated optical, structural and electrical 

properties of SnO2 : Sb films with different Sb doping 

levels deposited by co-evaporation of Sn and Sb using 

PATE at substrate temperature in the range of 350-

375 ºC. With low level Sb doping, the electrical resistiv-

ity is enhanced greatly, while maintaining high optical 

transmittance ≈ 80 % in the range of 300-800 nm. The 

best resistivity 0.36 Ω cm has been obtained for 5 % Sb 

doping level without deteriorating optical transmit-

tance of the grown SnO2 : Sb thin films. Further, in-

crease in Sb doping levels enhanced resistivity and 

reduce optical transmittance for doping levels 7 to 25 % 

in the SnO2 : Sb films. While, XRD analysis has re-

vealed the Sb2O3 phase present in the films at high Sb 

doping (25 %), which could be the source for enhance-

ment of resistivity. The investigations about SnO2 : Sb 

films have identified the critical role of Sb dopant for 

achievement best quality TCO,  which can be replace-

ment for ITO films for various optoelectronics device 

applications.   
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