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circuit element to the Al2O3 dielectric matrix. After annealing in air, the nature of the temperature dependen
ces of the ESC elements are not changed, but the value of R1 decreases (R1 = 762 MΩ and R1 = 11.6 MΩ for 
x = 0.31 at T = 173 K without annealing and in the case of Tan = 623 K, respectively), which is associated with 
an additional contribution to the admittance of the formed semiconducting oxide shells of the FeO type.

Fig. 4. Hyperbolic Z f( )  dependences of impedance of the (Fe0.45Cо0.45Zr0.10)0.52(PZT)0.48  
nanogranular composite film (1 – T = 80 K, 2 – T = 123 K), deposited at PO2

 = 3.0 mPa  
after annealing at Tan = 573 K (a) and the corresponding EC with one parallel RC-circuit (b).  

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

Fig. 5. Temperature dependences of the elements of the 1st (a) and 2nd (b) resonant RCL-circuits  
(1 – Ri , 2 – RСi , 3 – RLi , i = 1, 2) of the (Fe0.45Cо0.45Zr0.10 )0.31(Al2O3)0.69  

nanogranular composite film, deposited in Ar – O2 mixture, ESC. 
I – low temperature region, II – high temperature region




