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Motivation 
A change in preferential orientation from the tetragonal (101) to the tetragonal (110) direction has been observed in sputtered antimony doped tin oxide 
(ATO) thin films as the oxygen/argon ratio (Γ) is increased in the sputtering plasma. If we assume that at low Γ reduced surfaces are more likely to form 
than oxidized surfaces (and the opposite case for high Γ), then the change in preferential orientation must be accompanied by a change in the 
surface oxidation state of tin atoms. This in turn will cause alterations in the ionization potential (Ip) of ATO. Any modification of Ip will have a large 
impact on the electrochemical, photocatalytic and gas sensing behavior of the material. Moreover, the preferential orientation control (and hence the Ip 
control) of ATO will allow the tailoring of highly efficient electrodes for each application by reducing the Schottky barrier. 

Approach 

Results and Discussion 

Sputtered ATO thin films experience a 
change in their preferential orientation 
from the tetragonal (101) to the (110) 
direction as Γ is increased.  

Ip vs. the intensity ratio of the (101) and (110) diffraction 
peaks of ATO, defined as Ψ=(101)/[(110)+(101)]. Ip is 
above 9 eV for samples deposited at high Γ and with a 
(110) preferential orientation. Ip is 1 eV lower for samples 
deposited at low Γ and exhibiting a (101) preferential 
orientation, or amorphous structure. The change in 
ionization potential suggests a change form a reduced 
(101) surface to an oxidized (110): 

Conclusions 
Sputtered antimony doped tin oxide (ATO) thin films experience a change in their preferential orientation from the tetragonal (101) to the (110) direction as 
the oxygen concentration during the deposition process is increased. This change in the preferential orientation is followed by a change in the oxidation 
surface from a reduced (101) to an oxidized (110) surface, which in its turn is accompanied by an increase of the ionization potential (Ip) by more than 1 eV, 
as measured by electrochemical methods. 

ATO films were deposited by reactive DC magnetron sputtering of a metallic target (Sn:Sb = 95:5 % in weight, 99.99 % purity )  onto soda-lime glass 
without intentional heating and at different oxygen/argon ratios Γ = 𝜙𝜙𝜙𝜙2/(𝜙𝜙𝜙𝜙2 + 𝜙𝜙𝜙𝜙𝜙𝜙). The discharge power density was constant and equal to 1.13 W/cm2 
and the deposition time was determined to reach an ATO film thickness of 400 nm. 

Novel method for the electrochemical determination of Ip 

Electrochemical measurements were carried out in 1 M lithium perchlorate (LiClO4) in propylene 
carbonate. The ATO sample was set as the working electrode (WE)  while the reference electrode  (RE) 
was a Li metallic foil. 
 When an ATO sample is immersed in the electrolyte, the open circuit potential (Voc) 
established between the WE and the RE is given by the position of the ATO Fermi level (Ef) referred to the 
energy at which the reaction Li++e−↔Li takes place (ELi+/Li level). Therefore, Ip can be calculated by 
means of Voc , together with the optical bandgap (Ego): 
 

 Ip=Ego+qeVoc+ELi+/Li ,  
where qe is the electron charge.  

Note: first number in the legend of the figures indicates Γ, whereas the second number refers to the annealing temperature (in o C) in air or in nitrogen (N). 

Refractive index (n) at 550 nm – as calculated  
from the samples’ transmittance by the envelope 
method – vs. Ψ . The refractive index in tin oxide 
is related to the tin oxidation state, and is not 
only due to the atoms on the film surface. 
Samples deposited at low Γ and exhibiting a 
(101) preferential orientation (or amorphous 
structure) show the lowest values, i.e. higher 
concentration of Sn2+. However the dependence 
of n on Ψ is not as clear as the one observed for 
Ip. This is because for n other parameters, such 
as the film density and porosity, must be taken 
into account. 
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