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Niobium-doped indium tin oxide (ITO:Nb) thin films are prepared on glass substrates with various film thicknesses by 

radio frequency (RF) magnetron sputtering from one piece of ceramic target material. The effects of thickness (60-360 

nm) on the structural, electrical and optical properties of ITO: Nb films are investigated by means of X-ray diffraction 

(XRD), ultraviolet (UV)-visible spectroscopy, and electrical measurements. XRD patterns show the highly oriented 

(400) direction. The lowest resistivity of the films without any heat treatment is 3.1×10-4 Ω·cm-1, and the resistivity de-

creases with the increase of substrate temperature. The highest Hall mobility and carrier concentration are 17.6 N·S 

and 1.36×1021 cm-3, respectively. Band gap energy of the films depends on substrate temperature, which varies from 

3.48 eV to 3.62 eV.  
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Transparent and conductive oxide (TCO) thin films have 

been widely used as transparent electrode for flat panel 

displays and photovoltaic technologies[1, 2]. More recently, 

TCO films have been used for flat panel displays includ-

ing liquid crystal displays (LCDs), organic light emitting 

diodes and plasma displays. Among the various TCO 

thin films, tin doped indium oxide (ITO) films are widely 

used in flat displays, solar cells, architectural glasses and 

other fields[3]. ITO film is a heavily doped, high- degen-

erate n-type semiconductor with a good electrical con-

ductivity and transmittance in visible region. It also has 

the resistance to chemical corrosion and the good proc-

essing performance[4]. ITO films can be prepared by va-

riety of techniques, such as magnetron sputtering[5], ion 

assisted deposition[6], pulsed laser deposition (PLD)[7], 

dip coating[8], ion beam sputtering[9], sol-gel[10], and reac-

tive thermal evaporation[11]. Magnetron sputtering not 

only offers the possibility of preparing ITO films at low 

processing temperature and on large areas[12], but also 

obtains excellent optical and electrical properties. So it is 

widely used in thin film technology. 

With the continuous development of thin film tech-

nology, dual-ITO thin film is unable to meet higher per-

formance requirements. The photoelectrical properties of 

traditional binary ITO (In2O3:SnO2) films can be im-

proved by doping other elements. Besides tin (Sn), other 

elements, such as zirconium (Zr)[13], tantalum (Ta)[14], 

titanium (Ti)[15], molybdenum (Mo)[16], tungsten (W)[17], 

cerium (Ce)[18] and silver (Ag)[19] , have also been em-

ployed as dopants. Among these researches, MoO3, WO3 

and Ta are too easy to sublimate and difficult to be doped 

into In2O3 crystal structure. Ti and Zr have the same io-

nic valance with tin. S. M. Chung et al[20] have investi-

gated the effect of titanium doping on the structural, op-

tical and electrical properties of ITO: Ti films by direct 

current (DC) co-sputtering of metallic titanium and ce-

ramic ITO target materials. The results show that the 

lowest resistivity is 2.3×10-4 Ω·cm-1, and the carrier con-

centration is 6.24×1020 cm-3 after heat treatment. It is still 

challenge to reduce the electrical resistivity and maintain 

the transmittance in visible range simultaneously. 

In this paper, we demonstrate that by controlling the 

cationic composition in ITO-based oxide films deposited 

by radio frequency (RF) magnetron sputtering using only 

one piece of niobium-doped ITO (ITO:Nb) ceramic tar-

get material, the properties of the ITO:Nb films can be 

optimized. The structural, electrical and optical proper-

ties of Nb-doped ITO (ITO:Nb) films at different sub-

strate temperatures are investigated. 

The sputtering target material was made of ITO pow-

der (99.99%) mixed with Nb2O5 powder (99.99%) 

through blending, moulding and sintering processes. The 

composition of In: Sn: Nb: O in ITO:Nb target is 66.31%: 

7.59%: 0.77%: 20.4 %.  

Corning Eagle 2000 (20 mm×20 mm×0.7 mm) glass, 

for thin film transistor (TFT)-LCD, was used as substrate 
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to prepare ITO:Nb thin films by RF magnetron sputter-

ing from as-prepared ITO:Nb ceramic target materials at 

RF power of 40 W. The sputtering was carried out at 

room temperature. The target-substrate distance was 60 

mm, and the base pressure in the sputtering chamber was 

2×10-4 Pa. High pure argon gas (10 cm3/min, 99.999%) 

was introduced into sputtering chamber to maintain a 

working pressure of 0.80 Pa. All glass substrates were 

ultrasonically cleaned in acetone, ethanol and de-ionized 

water in turn, and then dried before sputtering.  

The structural characteristics and morphology were 

performed by X-ray diffraction (XRD) and atomic force 

microscopy (AFM). The XRD spectra of all the films 

were recorded with Rigaku D/max-RB X-ray diffract 

meter (Rigaku, Tokyo, Japan, 40 kV, 150 mA) using Cu 

Kα radiation (λ=0.15406 nm). The AFM image was per-

formed under ambient conditions using a Digital Instru-

ments (Veeco) Dimension-3100 unit with Nanoscope1 III 

controller, operating in tapping mode. The transmittance 

curves of the bare and the ITO:Nb coated glass substrates 

were measured in the wavelength range of 300–800 nm 

by a spectrophotometer. Electrical resistivity, Hall mobi- 

lity and carrier concentration of the ITO:Nb films were 

measured using the Van de Pauw method.  

Typical XRD patterns of the as-prepared ITO:Nb thin 

films grown with different film thicknesses are shown in 

Fig.1. All the films are highly oriented (400) direction, 

and the peak position is consistent with the JCPDS file 

card No.6-0416 for In2O3, which is in agreement with the 

previous works[21,22]. It illustrates that doping with nio-

bium and tin can not result in the development of new 

crystal orientations or the changes of preferential orien-

tations, which indicates that all samples consist of In2O3 

phase, despite of the presence of niobium and tin dopant. 

This result implies that niobium and tin, added into the 

target materials, can not change the phase structure of 

In2O3 films, and have been doped into the crystal struc-

ture of In2O3.  
 

 

Fig.1 XRD patterns of ITO:Nb films with different thick- 

nesses 

 

The carrier concentration and Hall mobility of ITO:Nb 

thin films with different thicknesses are shown in Fig.2. 

The electrical resistivity of ITO:Nb film is determined by 

the resistance and thickness of film. It is observed that 

the resistivity of the films increases and then decreases 

with the increase of thickness. The minimum resistivity 

is 3.1×10-4 Ω·cm with the thickness of 180 nm. Con-

versely, it is observed that the Hall mobility of the films 

decreases and then increases with the increase of thick-

ness. On the other hand, the carrier concentration is 

found to increase with the increase of film thickness. The 

maximum Hall mobility and carrier concentration are 

17.6 N·S and 1.36×1021 cm-3, respectively. The above 

phenomenon may be explained on the basis of film crys-

tallinity. The decrease of resistivity in ITO:Nb films with 

the increase of thickness is ascribed to the gradual de-

crease of the substrate film. With the decrease of the 

substrate film, the crystallization and grain size lead to 

the reduction of grain boundary scattering, lattice defects, 

electron trap and the decrease of electrical resistivity[23]. 

But superabundant accumulating of the adsorbed oxygen 

atoms on the grain boundaries makes the carrier concen-

tration decrease, leading to the decrease of the Hall mo-

bility after the film thickness more than 180 nm. Thus, it 

makes the resistivity increase. 

 

 

Fig.2 Electrical properties of ITO:Nb films with different 

film thicknesses 

 

Fig.3 shows the optical transmittance curves of ITO:Nb 

films with different thicknesses. The average transmittance 

is greater than 87%. It is also observed from Fig.3 that 

films exhibit red shift of the absorption edge to short 

wavelength in the UV region due to size effect. Fig.4 

 

 

Fig.3 Transmittance curves of ITO:Nb films with dif-

ferent thicknesses 
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shows the relationship between (αhν) 2 and hν for ITO: 

Nb films with different thicknesses. It is found that the 

band gap is increased with the increase of thickness. The 

maximum band gap of ITO:Nb film is 3.62 eV at 300 nm. 

The calculated band gaps of ITO:Nb films at various film 

thicknesses are listed in Tab.1. 
 

 

Fig.4 (αhν)
2
 vs. hν in ITO:Nb films with different film 

thicknesses 
 

Tab.1 Band gaps of ITO:Nb films with different film thi- 

cknesses 

Thickness 

(nm) 
60 120 180 240 300 

Band gap 

(eV) 
3.48 3.57 3.57 3.58 3.62 

 

ITO:Nb thin films are fabricated on glass substrates by 

RF magnetron sputtering with various thicknesses from 

ceramic target materials. Structural, electrical and optical 

properties of the films are investigated by using XRD, 

UV-visible spectroscopy and electrical measurements. 

The XRD patterns show a polycrystalline structure of 

ITO:Nb films similar to pure In2O3 phase. The optimized 

ITO:Nb film exhibits the lowest resistivity of 3.1×10-4 

Ω·cm. The highest Hall mobility and carrier concentra-

tion are 17.6 N·S and 1.36×1021 cm-3, respectively. All 

films have an average transmittance of above 87%, indi-

cating that such ITO:Nb films can be applied for various 

optical and electronic devices.  
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