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Abstract. SnOx films, grown on tin substrates via d. c. magnetron sputtering 
have been studied using Doppler broadening of the annihilation line. The results 
showed that the oxygen and the substrate bias play an important role in the 
film growth. The mechanical strength and the adhesion of the films obtained at 
negative substrate bias are higher. 

PACS number: 78.70.Bj 68.55-a 

1. Introduction 

The research interest to SnOx thin films has been renewed due to their industrial appli
cations [ 1- 7]. Especially Sn02 films are of great technological interest as transparent 
electrodes and as heat-reflecting filters, because Sn02 has a high energy gap (3.6 eV) 
and it can possess high carrier concentrations [ 4, 6]. A previous series of papers [ 1-7] 
reported data received by a variety of techniques. However, the properties of the films 
depend strongly on the mode of preparation and could vary considerably from one 
technique to another [7]. 

The purpose of the present study is to investigate the effect of oxygen and substrate 
bias on the defect structure of sputter deposited SnOx films. The investigation was 
carried out using Doppler broadening of annihilation line (DBAL). The reason for 
using positron annihilation is that it responds to the presence of point defects. Many 
studies have suggested that dislocations and vacancies play a major role in determining 
the properties of thin films (see, for example, Refs (8-13]). 

*This work is dedicated to the late Assoc. Prof. M. Minev (Technical University, Rousse). 
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2. Experimental 

The SnOx films, with thickness d of 1 µm, were deposited on tin plates of diameter 
20 mm by reactive d. c. magnetron sputtering in argon -oxygen atmosphere at different 
oxygen partial pressures. The oxygen concentration was in the range of 6.2-17.5 %. The 
film thickness and deposition rate Vd have been measured during the deposition using 
a quartz oscillator MIKI FFM. The substrate temperature was not controlled during 
the deposition, but it was always T < 100 °C. The total pressure was kept constant 
(Ptotal = 8 x 10-3 mbar). Two kinds of films were obtained: without substrate bias 
and at a bias of -120 V. The source material was 99.99 3 pure tin. The films were 
allowed to cool to room temperature after deposition before being removed from the 
vacuum system. Table 1 summarizes the deposition parameters of the samples studied. 
The last column in the Table 1 gives the film classifications (A or B) based on the 
bias voltage. During the . deposition the current was kept constant (I = 0.3 A). The 
target sputtering power N was in the range of 75-90 W. For more detailed study of 
the influence of negative substrate bias a second set of samples has been prepared at 
the same conditions as sample 1 and bias from -40 V to -140 V. 

Table I. Deposition parameters of the samples studied 

Sample Bias d Po2 x104 02 VdX 104 N 
No (V) (µm) (mbar) (%) (µm is) (W) Class 

0 5.0 6.2 18.0 90 A 
I* -120 1 5.0 6.2 18.0 B 
2 0 1 8.0 10.0 6.5 84 A 
2* -120 1 8.0 10.0 6.5 B 

Set I 3 0 1 11.0 13.7 0.7 75 A 
3* -120 11.0 13.7 0.7 B 
4 0 14.0 17.5 0.4 78 A 
4* -120 14.0 17.5 0.4 B 

5 -40 
6 -60 
7 -80 1 5.0 6.2 18.0 90 A 

Set II 8 -100 
9 -120 

10 -140 

The 511 ke V annihilation line was measured using a high-purity germanium de
tector of energy resolution 1.17 keV FWHM at 514 keV gamma line of 85 Sr. Each 
spectrum, containing more than 106 counts was collected for 104 s. Eight spectra have 
been recorded for each pair of samples. Due to the Doppler effect, the width of the 
511 keV annihilation line is dependent on the momentum distribution of the anni
hilating electron-positron pair. Since the electrons move, on the average, slower in 
open-space defects than where the ions are more dense, the positron localization in 
defects gives a narrowing of the annihilation line. Thus a sharpening of the centre of 
the Doppler distribution about the 511 ke V value indicates trapping and annihilation 
at defects (vacancies, dislocations, voids or grain boundaries).The wing regions of the 
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spectrum represent annihilation events with higher energy core electrons [14]. The line 
shape is different for different materials and it is also sensitive to positron trapping 
by lattice defects. Various line shape parameters (S, I-I, W) characterizing the width 
of the annihilation line are used [15, 16]. Changes of these parameters can be used to 
follow various phenomena like the defect concentration of the samples. The momentum 
density narrowing that results from positron-defect trapping is presented in Fig. 1. The 
cross-hatched areas illustrate the regions of integration involved in the peak height S 
and in the tail or wing W parameter. 
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Fig. 1. Doppler-broadened energy spectra of samples I and 10 

In our investigation the annihilation gamma line was characterized by the usual 
shape S and W parameters. The S parameter is defined as a ratio of the counts in the 
annihilation line central region (0 < 16.E-rl < 0.933 keV) and the total counts number 
Ntot in the line. The W parameter is the ratio of the counts in the annihilation line 

(2.33 keV < 16.E-rl < 7.31 keV) wings and Ntot· 

3. Results and Discussion 

It is well-known that, in general, an increase in S corresponds to an increase in the 
defect concentration of the sample [15]. Our results from the momentum distribution 
showed that Sand W parameters vary from one sample to the other. According to [10] 

the measured S(W) can be presented as 

S = f Sr+ (1 - f)S. (1) 

where f = 0.11 is the part of positrons annihilating in the film [17], Sr and Ss are 
the values of the S parameter in the film and substrate, respectively. For all samples 
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studied J and Ss are constants. It is obviously from (1) that in this case the variations 
of S and Ss are the same. Because of this we used only the measured S (W) parameter. 

We have many problems with the adhesion of the samples class A. This is the 
reason that the dependence of S = F(P0 ,) and S = F(vd) for the samples class B are 
presented in Figs 2 and 3. From Fig. 2 it is clear that the increasing of the oxygen partial 
pressure leads to decreasing of the S parameter (defect concentration). The increasing 
of the deposition rate Vd leads to the increasing of S parameter (Fig. 3), i. e. the oxygen 
pressure and deposition rates influence defect concentrations in the opposite way. 
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Fig. 2. Annihilation S parameter of samples of 
class B (Set I) as a function of partial oxygen 
pressure 
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Fig. 3. Annihilation S parameter of samples 
of class I3 (Set l) as a function of deposition 
rate 

Liszkay et al. [ 12] suggested a method for data analysis which directly shows that the 
same vacancy defect can be present in a set of samples by checking the linearity of the 
S versus W parameter. The S parameter is associated mainly with the annihilation of 
free-positrons with valence electrons and positrons, trapped in a vacancy or in a vacancy 
cluster and self-annihilation of p-Ps. W parameter is associated with the annihilation 
of positrons with core electrons and pick-off annihilation of o-Ps. If the regions, used 
for the calculation of S and W parameters are not adjacent, as it is in the present case, 
a linear relationship between S and W can occur in two cases: 

(i) If in the samples, besides annihilation of free positrons, there exist only one type 
of defects trapping positrons. In the case of existing of several types of defects, 
one of them must be predominant [12]. 

(ii) If it can be assumed that several annihilation species are forn1ed in the samples 
at t = 0, and they proceed to annihilation without interconversion, provided that 
certain relationships between the relative concentration of the species exist [18]. 

Figure 4 presented the annihilation parameter S as a function of the annihilation 
parameter W. As it can be seen all experimental points fit well to the straight line 
of slope R = 1.7 ± 0.1. According to [18] this means that all samples have the same 

defect structure. 
In Figure 5 S = F(W) dependence is presented for samples of Set IL All exper

imental points again fit well to the straight line of.slope R = 1.1 ± 0.1, i.e. these 
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samples have the same defect structure but it is different from the dependence of the 
samples of Set I. 
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Fig. 4. The S parameter as a function of a W 
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Fig. 5. The S parameter as a function of W 
parameter for samples of Set ll 

The variation of the S with bias voltage is presented in Fig. 6. This dependence is in 
accordance with the results of Zhang et. al. [ 19] about the variation for the resistivity 
with bias voltage. From the figure it is clear that increasing of the negative substrate 
bias leads to decreasing of defect concentration. ln our opinion this is due to the 
"compressing" effect of Ar+ positive particles bombardment when the substrate has a 
negative bias potential [20]. 

Fig. 6. Annihilation S parameter as a func
tion of the values of negative substrate bias 
for samples of Set ll 

4. Conclusion 
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1. Oxygen plays an important role in the film growth. The increasing of partial 
oxygen pressure leads to decreasing of defect concentration. 

2. Samples prepared at different partial oxygen pressure (Set I) and samples prepared 
at different negative substrate biases (Set 11) have different defect structures. 
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3. The mechanical strength and the adhesion of the films obtained at negative sub
strate bias are higher. 

Work is in progress to clarify the influence of the substrate bias in detail. 
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