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Reactive magnetron sputtering of Nb-doped TiO2 films: Relation between
composition and electrical properties
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The deposition of niobium doped titanium dioxide onto glass substrates at room

temperature, followed by thermal annealing in a reducing atmosphere is a promising

preparation route for polycrystalline Nb:TiO

2 

films with a high electrical conductivity

and a high transparency [1]. In this work we have used dc reactive magnetron

sputtering from a metallic titanium target (3.1 at% Nb) in an oxygen/argon atmosphere

to prepare Nb:TiO

2 

films.

 

Electrical, structural and optical properties of thermally

annealed Nb:TiO

2 

films depends strongly on the chemical composition of the X-ray

amorphous as-deposited films. Therefore, the Nb:TiO

2 

films were deposited as a

function of the oxygen flow and investigated by Hall and conductivity measurements,

optical measurements as well as by Rutherford Backscattering Spectrometry (RBS).

By varying the oxygen flow, the sputtering mode changes from metallic to oxidic,

accompanied by a sharp discharge voltage rise at a certain oxygen flow F

O2

. The

oxygen-to-metal ratio of sputtered Nb:TiO

2

 films increases at this F

O2 

value. The RBS

analysis revealed also an increase of the Nb-to-Ti ratio for as-deposited films by a

factor of 2 above that in the target. We discuss this result as caused by the change of

the sputtering yields of titanium and niobium atoms due to the oxidation of the target

surface. The oxygen-to-metal ratio in the amorphous Nb:TiO

2

 films can be sensitively

controlled by the adjustment of the discharge voltage at a fixed oxygen flow.

Moreover, the initial composition of as-deposited Nb:TiO

2

 films determines decisively

the crystallographic structure after thermal annealing at 400 °C, particularly the

formation of anatase and the size of the crystallites. Polycrystalline Nb:TiO

2

 films

(anatase) with a low resistivity (ρ = 1.1 x 10

-3

 Ω cm), a carrier concentration of n = 6.5

x 10

20

 cm

-3

 and an electron mobility µ

e

 = 8 cm²/Vs with high optical transmittance of

about T > 90 % have been prepared.
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