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The real µ′/µ0 and imaginary µ′′/µ0 parts of the relative magnetic permeability of La0.7Ca0.3MnO3 thin films and the
influence of the electric permittivity and resistivity on the measurement results were investigated under microwave radiation of
10 GHz frequency employing the waveguide measurement and splitter methods.
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1. Introduction

Colossal magnetoresistance in polycrystalline man-
ganites allows one to expect a broad application of
these materials in designing new basic elements of in-
formation technology. This is the reason of great in-
terest in them nowadays. They are studied employ-
ing both DC and microwave current. Nevertheless, in
spite of numerous investigations this phenomenon is
not completely understood. Apparently, this is so be-
cause up to now there are no reliable experimental data
on the basic parameters characterizing these materials,
such as the real and imaginary parts of electric permit-
tivity and magnetic permeability measured in the mi-
crowave frequency range. The work [1] may serve as
an example where it has been obtained that, depending
on temperatures, in La0.7Ca0.3MnO3 thin films the real
part µ′/µ0 of relative magnetic permeability may be
either positive or negative. This could happen because
of neglection of the possible influence of substrate as
well as the role of electric permittivity and resistivity
of the thin film. Therefore the main goal of the present
work was to investigate experimentally the real µ′/µ0

and imaginary µ′′/µ0 parts of relative magnetic per-
meability of the La0.7Ca0.3MnO3 thin films using the
known method of a waveguide measurement line. Such
an aim involved a number of auxiliary tasks. To esti-
mate the influence of electric permittivity and complex
conductivity of the MgO substrate and the conductivity
of thin film itself, they had to be additionally measured

Fig. 1. Dependence of experimentally measured ϕ, the phase of a
reflected from sample wave, on temperature.

(the conductivity was measured using the wave splitters
while measuring the wave absorption by the thin film).

The dependence of phase of reflected wave on tem-
perature T is presented in Fig. 1. It is seen on the graph
that at T > 96 K, i. e. when µ′/µ0 ≈ 1, and µ′′/µ0 ≈

0, the phase of reflected wave ϕ ≈ 22◦. Decreasing the
temperature the ϕ decreases and ϕ ≈ 12◦ at T ≈ 80 K.
Such dependence of ϕ on T may be determined by two
factors:

(1) dependence of the resistivity on T ,

(2) manifestation of the complex magnetic permeabil-
ity µ at low temperatures.
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So, it is necessary to solve the indicated additional
tasks.

2. Estimating the possibilities to measure the
electric permittivity, magnetic permeability, and
resistivity of granules

As the thickness of substrate with the investigated
thin film is much smaller than the wavelength in the
waveguide, we make an assumption that the strength of
electric field in the substrate and the thin film is the
same, but the currents in those are different and de-
termined by their complex conductivities. Then their
common conductivity should be like this:
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here 1/Zf and 1/Zs are the thin film and the substrate
conductivities. Then the thin film complex conductiv-
ity may be written down as follows:
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here 1/Rf = 1/R − 1/Rs, 1/Xf = 1/X − 1/Xs,
and ϕf = ϕ − ϕs, with 1/Rf , 1/Xf being real and
imaginary parts of the thin film complex conductivity,
expressed via the difference of total 1/R and substrate
1/Rs complex conductivity parts, and ϕf is the angle
between current and voltage in the thin film.

Rearranging this equation we obtain the following
real and imaginary parts of the thin film complex con-
ductivity:
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By selecting such a temperature T1 that µ′′

a
= 0 and

µ′

a
= µ0, we then obtain from the real part (3) that the

relative electric permittivity is
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and from the imaginary part (4)
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As the imaginary electric permittivity ε′′
a

depends on
the conductivity of thin film granules, the obtained re-
sult is valid just for a single temperature T = T1. It
is possible to extend the limits of application of this re-
sult if we measured the dependence of thin film granule
resistivity on temperature.

By dividing the imaginary part (4) by the real one
(3), we obtain that
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The quantity µ′′

a
/µ′

a
may be found from such an

equation. By substituting that into the real part of the
complex conductivity of the thin film we may obtain
the quantity µ′

a
and its temperature dependence.

In determining the complex magnetic permeability
the knowledge of dependence of the resistivity of gran-
ules on temperature is necessary. Therefore we shall
look into possibilities to measure it by employing the
wave absorption, assuming that the wave electric field
in the thin film is evoked by the power of its incoming
wave, i. e. by the quantity
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here σ is the conductivity of a thin film and Pabs is the
power absorbed by the thin films.

Let us assume that in Eq. (8) [1−Pref(T0)/Pi(T0)] ≈
[1 − Pref(T )/Pi(T )], i. e. the temperature depen-
dence of absorbed powers is determined only by the
temperature-dependent conductivities and angles.

We get from Eq. (8) that
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Thus, after measuring the relative absorbed powers
of the wave, as well as cos ϕf at temperatures T0 and
T , one may obtain the dependence of relative resistiv-
ity of granules, and so the same of complex magnetic
permeability, on temperature T .
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Fig. 2. Dependence of granule relative resistivity ρ(T )/ρ(T0) on
temperature T .

3. Experimental approach

Granulary La0.67Ca0.33MnO3 films were fabricated
by laser evaporation using a ceramic target of the same
composition, on the 0.7 mm thick MgO substrates hav-
ing the temperature up to 750 ◦C. The evaporation was
performed at oxygen pressure of 20–25 Pa. After evap-
oration its pressure was increased up to 105 Pa, then the
substrate temperature was gradually decreased down to
the room temperature. Deposited 0.2 µm thick thin
films had conventional dependence on temperature and
magnetic field. The temperature of the top of a peak
was Tm ≈ 150 K. Microwave measurements were car-
ried out in the 10 GHz frequency range. The power of
waves in use did not exceed 1 mW, for the sensors to
operate in the linear part of their volt–watt character-
istics. The thin film with substrate covered the whole
window of a waveguide head. Complex electric per-
mittivities and magnetic permeabilities were measured
using the waveguide measurement method, and the re-
sistivity of granules by measuring the absorbed power
of the wave employing the splitters.

4. Results and discussion

The dependence of reflected wave phase ϕ upon
temperature T is plotted in Fig. 1, and the relative re-
sistivity ρ(T )/ρ(T0) versus temperature T in Fig. 2.
While comparing those two curves it is easy to no-
tice that in the regions where abrupt changes of phase
ϕ versus T occur the relative resistivity of granules
ρ(T )/ρ(T0) is changing only slightly and vice versa,
where the phase ϕ changes slowly with T , there the
relative resistivity of granules ρ(T )/ρ(T0) is chang-
ing with T much faster. This indicates that the fast

Fig. 3. Dependence of real µ′/µ0 and imaginary µ′′/µ0 parts of
a complex relative magnetic permeability of granules on tempera-

ture T .

change of phase ϕ with T is almost unrelated to the
change of relative resistivity of granules ρ(T )/ρ(T0).
And on the opposite, the slow change of ϕ is appar-
ently determined by the ρ(T )/ρ(T0) change with T .
The fact that the fast change of phase ϕ with T is de-
termined not by the dependence of granule resistivity
on T , but rather by the relative magnetic permeabilities
µ′/µ0 and µ′′/µ0 depending upon T , is confirmed by
Fig. 3. There the dependence of theses quantities on
T is shown. Their fastest changes with T are observed
in the same temperature interval where the ϕ changes
with temperature are the fastest.

In solving the auxiliary tasks the following results
have been obtained:

1. The real and the imaginary parts of complex con-
ductivity of the MgO substrate have been measured
and the value εs ≈ 10 of its relative electric per-
mittivity has been found that well agrees with the
value εs ≈ 10 given in the literature [2].

2. The measurement of relative electric permittivity
of the thin film, εf = 4.5, has been a success for the
first time.

3. Dependence of the relative resistivity of granules,
ρ(T )/ρ(T0), on temperature has been measured
and its absolute value ρ = 0.4 Ωm at room tem-
perature has been obtained.

5. Conclusion

Microwave investigation of magnetic permeability
of manganite granules is rather complex, involving
almost every parameter characteristic of manganites,
such as the real and imaginary parts of a complex elec-
tric permittivity and the resistivity of granules.
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MIKROBANGIS MANGANITŲ MAGNETINĖS SKVARBOS TYRIMAS

K. Repšas, A. Laurinavičius, A.R. Vaškevičius, F. Anisimovas
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Santrauka
Naudojantis žinomais bangolaidinės matavimo linijos ir atšako-

tuvų metodais eksperimentiškai ištirtos La0,67Ca0,33MnO3 sluoks-

nių realioji µ′/µ0 ir menamoji µ′′/µ0 magnetinės skvarbos dalys,
įskaitant MgO padėklo bei sluoksnio dielektrinės skvarbos ir gra-
nulių savitosios varžos įtaką matavimų rezultatams.


