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As shown in [5; 11], as a result of annealing in air up to Tan = 873 K, additional contributions from FeO 
and Fe3O4 oxide phases of the semiconductor type are formed around the FeCоZr metal cores in the course 
of the FeO → Fe3O4 → Fe2O3 transformation chain. In this case (fig. 2, a), Z f( ) with one resonant maximum 
before annealing turns into a curve with two resonant maxima after annealing with a corresponding transition 
of the ESC from the 1-curcuit (see fig. 1, c) to the 2-curcuit (see fig. 1, d ). 

Fig. 1. Amplitude-frequency dependences of the impedance  
of (FeCоZr)x(Al2O3)1 – x nanogranular composite films, deposited in an Ar – O2 mixture,  

and the corresponding ESC after (a) and before (b) the touching threshold:  
a – Z f( ) dependence with one maximum for the (Fe0.45Cо0.45Zr0.10)0.50(Al2O3)0.50 film (at T = 223 K);  
b – Z f( ) dependence with two maxima for the (Fe0.45Cо0.45Zr0.10)0.31(Al2O3)0.69 film (at T = 123 K);  

c – ESC with one resonant RCL-circuit, corresponding to the Z f( ) dependence of type (a);  
d – ESC with two resonant RCL-circuits, corresponding to the Z f( ) dependence of type (b).  

The inset shows the frequency dependences of the phase shift angle θ f( )  in the 80 –303 K temperature range

Fig. 2. Transition of the dependence Z f( ) with one maximum to Z f( )  
with two maxima for the (Fe0.45Cо0.45Zr0.10)0.50(Al2O3)0.50 film (T = 80 K)  

after annealing (1 – unannealed, 2 – Tan = 623 K)




