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In (FeCоZr)x(Al2O3)1 – x nanocomposites deposited in an Ar – O2 gas mixture, in the case of the presence 
of two RCL-circuits in the equivalent circuits, the elements of both of them are characterised by dependences 
decreasing with increasing temperature (see fig. 5) with two different activation energies ∆E1 and ∆E2, respec-
tively, with ∆E2 > ∆E1 (see fig. 5, a). The reactive components RС1 and RL1 of the first RCL-circuit are larger 
than the active component R1 (see fig. 5, a), which makes it possible to attribute this component with the admit-
tance of the dielectric matrix Al2O3 and the dielectric intrinsic oxide Fe2O3. The reactive components RС 2 and 
RL2 of the second RCL-circuit are smaller than the active R2 circuit (see fig. 5, b), which makes it possible to 
compare this circuit with the contribution of the semiconductor native oxides FeO and Fe3O4 to the admittance. 
If there is only one RCL-circuit in the equivalent circuits, its reactive components RС1 and RL1 are greater than 
the active R1, which makes it possible to compare the circuit with the contribution of the dielectric matrix and 
dielectric oxide Fe2O3 to the impedance. 

After annealing these nanocomposites in air up to Tan = 623 K, the active resistances of the equivalent circuit 
(R1, R2, R3 ) increase in comparison with unannealed samples (fig. 6, a and b), which, naturally, can be associated 
with the formation of additional oxide phases of Fe and Co around nanoparticles. The reactances (RС1, RL1, RС 2, 
RL2 ) synchronously demonstrate different behaviour with respect to annealing (fig. 6, c and d ) depending on 
the temperature range of measurements (they increase in the low temperature region and decrease in the high 
temperature region compared to nanocomposites not subjected to annealing procedure). The latter makes it 
possible to ascribe this to the redistribution of the contributions from various Fe oxide phases formed during 
annealing.

Fig. 6. Dependences of the resonant RCL-circuits active resistances (1 – R1, 2 – R2)  
on the annealing temperature (a) and the temperature dependences (1 – unannealed, 2 – Tan = 623 K)  

of the additional resistance R3 (b), as well as the reactive elements (1 – RС1, unannealed; 2 – RL1, unannealed;  
3 – RС1, Tan = 623 K; 4 – RL1, Tan = 623 K) of the first (c) and the second (1 – RС2, unannealed;  

2 – RL2, unannealed; 3 – RС2, Tan = 623 K; 4 – RL2, Tan = 623 K) (d ) resonant RCL-circuits of ESC  
in the (Fe0.45Cо0.45Zr0.10)0.31(Al2O3)0.69 nanogranular composite film, deposited in Ar – O2 mixture




