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Experiments have shown that for nanogranular (FeCоZr)x(PZT)1 – x films, the Z f( ) behaviour depends not 
only on annealing, but also on the partial pressure of oxygen PO2

 in the Ar – O2 deposition mixture. An increase 
in PO2

 in the range 2.0 < PO2
 < 3.0 mPa causes a redistribution of oxide phases of the semiconductor (FeO and 

Fe3O4 ) and dielectric (Fe2O3) types around metal cores contributions [12]. This, as it is turned out (fig. 3), 
changes the Z f( ) dependences of the hyperbolic type (before and in the vicinity of the touching thre
shold xс1) or the dependences with one maximum (beyond the percolation threshold xс2 when a continuous 
conducting cluster is form dur to direct contacting of metallic cores of nanoparticles) to the Z f( ) depen
dences with one or two maxima (before and in the vicinity of xс1) or again to the hyperbolic form beyond 
the touching threshold xс1). 

For nanogranular (FeCоZr)x(PZT)1 – x films, as for nanocomposites with an aluminum oxide matrix, we ob-
serve the hyperbolic-type curves which correspond to the presence of a parallel RC-circuit in the ESCs, charac-
terised by a joint contribution to the admittance of the PZT matrix interlayers and dielectric native oxide Fe2O3. 
Impedance frequency dependences Z f( ) curves with one maximum correspond to equivalent circuits with one 
resonant RCL-circuit. We attribute them with decrease in the contribution of perforated dielectric intrinsic 
oxides. Impedance frequency dependences Z f( ) curves with two maxima correspond to equivalent circuits 
with two resonant RCL-circuits, characterised by the contributions to the admittance of both the PZT matrix 
interlayers and the dielectric intrinsic oxide Fe2O3, as well as the semiconducting oxides FeO and Fe3O4. Note 
that in the case when equivalent circuits contain two RCL-circuits, the effect of negative capacitance is also 
observed, as in the case of composites with an Al2O3 matrix. 

Additional annealing in air does not lead to a qualitative change in the nature of the amplitude and frequency 
dependences for (FeCоZr)x(PZT)1 – x films, since the morphology of the samples practically does not change. 
However, in the region of high x values (fig. 4), the Z f( ) dependences with one maximum turn into curves 
of the hyperbolic type (even for samples deposited at PO2

 = 2.0 mPa) or 2-step hyperbolic type curves, cor-
responding to two parallel RC-circuits (contributions of the PZT matrix and Fe2O3 phase), can be observed 
(deposition at PO2

 = 3.0 mPa). It’s caused by the increasing contribution of dielectric oxides to the admittance.
Analysis of contributions of ESC elements to the impedance amplitude and frequency dependences have shown 

(fig. 5) that in (FeCоZr)x(Al2O3)1 – x nanocomposites, deposited in argon gas, if the equivalent circuit includes 
one resonant RCL-circuit, its active (R1) and reactive (RС1 and RL1) components are characterised by dependen
ces decreasing with increasing temperature with two different activation energies at low (∆ E1) and high (∆ E2 ) 
temperatures, respectively. In this case, the reactive contributions are always greater than the active ones (for 
example, R1 = 0.889 GΩ, RС1 = 11.8 GΩ for x = 0.31 at T = 173 K), which makes it possible to attribute this 

Fig. 3. The influence of the partial pressure of oxygen PO2
 in the Ar – O2  

deposition mixture on the amplitude-frequency dependences of the impedance  
of (FeCоZr)x(PZT)1 – x nanogranular composite films at different temperatures  

(1 – 80 K, 2 – 123 K, 3 – 173 K, 4 – 223 K, 5 – 273 K, 6 – 303 K)  
on the example of the (Fe0.45Cо0.45Zr0.10)0.52(PZT)0.48 film:  

a – hyperbolic Z f( ) dependences at PO2
 = 2.0 mPa;  

b – Z f( ) dependences with one or two maxima at PO2
 = 3.0 mPa




