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of iron and cobalt oxide phases around metal cores, including dielectric ones, which is generally not affected the 
presence of the NCE in (Fe0.45Cо0.45 Zr0.10 )x(PZT)1 – x nanocomposites, since their morphology is not changed. 
However, it leads to decrease the temperature range and metal content in which this effect is observed.

Analysis of the energy parameters of carrier transport, estimated on the basis of relation (4), for the case of 
(Fe0.45Cо0.45 Zr0.10 )x(Al2O3)1 – x and (Fe0.45Cо0.45 Zr0.10 )x(PZT)1 – x composites, have shown that, regardless the 
deposition conditions, the temperature dependences of σ f T,( ) in Arrhenius scale at each frequency have an 
activation character with two different energy characteristics corresponding to the slopes of Arrhenius straight 
lines: ∆ E1 in the range of low temperatures (mostly below 150 K) and ∆ E2 at high temperatures (mostly above 
150 K) (fig. 4, a).

In this case for the (Fe0.45Cо0.45 Zr0.10 )x(Al2O3)1 – x films deposited in pure Ar, ∆ E2 is always greater than 
∆ E1 (for example, for x = 0.31 at  f  = 1 MHz, the values are ∆ E1 = 20.0 meV and ∆ E2 = 39.5 meV). The latter 
probably means that energetically less favourable jumps can be activated only at higher temperatures, where 
phonons’ energies kT are higher. As was shown, for deposited in argon (Fe0.45Cо0.45 Zr0.10 )x(Al2O3)1 – x com-
posites, if the energy characteristics ∆ E1 and ∆ E2 lied in the range 15 meV < ∆ Ei < 40 meV, the NCE was not 
observed at x < xc. 

Fig. 3. Temperature dependences of the characteristic electron lifetime τ on nanoparticles  
before annealing (right ordinate axes) and in the case of annealing in air (left ordinate axes) 

for (Fe0.45Cо0.45 Zr0.10 )0.38(Al2O3)0.62 film deposited in Ar – O2 mixture (Tan = 623 K) (a)  
and for (Fe0.45Cо0.45 Zr0.10 )0.52(PZT)0.48 film deposited in Ar – O2 mixture at PO2

 = 2.0 ⋅ 10–3 Pa (Tan = 598 K) (b)

Fig. 4. Temperature dependences of the specific values of the real part of the admittance  
at different (1 – 100 Hz, 2 – 1 kHz, 3 – 10 kHz, 4 – 100 kHz, 5 – 500 kHz, 6 – 1 MHz) alternating current  

frequencies (a) and frequency dependences of energy characteristics (b) in the region of high  
and low temperatures. The inset shows the frequency dependences of the phase shift angle  

in the temperature range of 80 –303 K for the (Fe0.45Cо0.45 Zr0.10 )0.50(Al2O3)0.50 film deposited in an Ar – O2 mixture


