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Response to a microwave radiation was studied for grained Lag.¢7Cag.33MnOs3 films (d = 0.15 and 1.30 pm) grown by
pulsed laser deposition on MgO (100) substrates. Thermal nature of the response has been certified for the films at 7" = 78 K.
A mechanism of the response has been proposed that takes into account different role of grains and intergrain boundaries on
dc and high frequency currents flowing in the films. Assuming a nonzero intergrain boundary capacitance, we point out that
the microwave radiation heats mainly the low resistance grains rather than the intergrain boundaries. Meanwhile, dc current
flowing in the films is determined by temperature-dependent resistance of the intergrain media.
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1. Introduction

During recent years, increasing attention was paid
to perovskite manganites referred to by a general for-
mula R;_,M,;MnOg (here R = La, Nd, Pr; M = Ca,
Sr, Ba, and Pb). Most of these compounds with x =
0.2-0.4 demonstrate phase transition from high resis-
tance paramagnetic (PM) to a metallic ferromagnetic
(FM) phase at Curie temperature 7., (100-350 K) and
the so-called colossal magnetoresistance effect (CMR)
observed just below T.. The compounds are believed
to be very promising for fabrication of novel magneto-
electronic devices such as magnetic field sensors, mag-
netic recording and reading heads, elements of mag-
netic memory, etc. Lattice parameters of these com-
pounds are close to a number of other perovskite ox-
ides including ferroelectrics and high-temperature su-
perconductors. Therefore, manganite heterostructures
with other metal oxides [1-5] offer additional applica-
tion possibilities.

Electrical properties of both single crystals of the
manganites [6, 7] and their thin films [8-11] were stud-
ied recently either by applying dc or microwave cur-
rent, by using short laser pulses, as well as by employ-
ing various resonant techniques [12—14].

Various properties of the manganite thin films such
as resistance of their grains, magnetic impedance
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[6,9-11], ferromagnetic resonance [6, 9], absorption of
microwaves in the absence and presence of external
magnetic field [15-20] have been explored by employ-
ing the resonant techniques. Resonant response mea-
sured for the manganite films under applied microwave
electrical field together with low-frequency ac electri-
cal field [21] or internal dc electrical field induced in
the film by pulsed laser radiation [13] have been re-
ported. In recent paper [17], the authors pointed out co-
incidence of the absorbed microwave power Py}, mea-
sured in the film by the resonant technique with that
obtained by employing a conventional method, i.e. by
measuring separately the incident (P,), reflected (F;),
and transmitted (FP;) microwave power.

The main goals of this work were: (i) to determine
the nature of the response of Lagg7Cag 33MnO3 thin
films to a microwave radiation (f = 10 GHz), and (ii)
to reveal the mechanism of the response.

2. Film response to microwave radiation

Let’s analyze first a thermal conductivity equation
for a rectangular manganite sample of length [/, width b,
and thickness d with direct current (density jg) and mi-
crowave current (density ju; jm > Jo) flowing along
the sample. Assuming that one surface of the film is
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thermally isolated (temperature 7°(0)) and the other one
kept at a constant temperature 7'(d), the temperature
difference between two film surfaces can be expressed
as

T(0) — T(d) = iE%lQ : (1)

Here & is the intrinsic thermal conductivity of the film,
o is the intrinsic electrical conductivity, £ = Ey + E
is the total electric field strength, Ey and E represent
strengths of dc electrical field and ac microwave field,
respectively. From Eq. (1) one can conclude that ther-
mal response should demonstrate the following proper-
ties:

(1) Below the characteristic temperature 71y, (= T¢)
(corresponding to the maximum resistance in the
R(T) plots), resistance of the manganite films in-
creases with temperature, and thus the microwave
response for the films at T < T, might be deter-
mined by microwave radiation-induced film heat-
ing and the resultant resistance increase.

(ii) In the case of T'(d) = const, temperature dif-
ference between two film surfaces and the corre-
sponding thermal response should depend linearly
on the square of the amplitude of microwave elec-
trical field E, i. e. on the radiation power.

(iii) For a fixed radiation power, the thermal response
should increase with film thickness.

The experiment was carried out for two
Lag.g7Cag.33MnO3 films of different thicknesses (0.15
and 1.30 pym) grown by pulsed laser deposition on
crystalline MgO (100) substrates using disk-shaped ce-
ramic target of the same chemical composition. The
width of the samples was 3 mm, and the distance be-
tween low resistance ohmic contacts was about 10 mm.

The microwave response measurements were per-
formed at liquid nitrogen temperature (1" = 78 K) and
radiation frequency f = 10 GHz. A simplified scheme
of the measurement is shown in Fig. 1. The corre-
sponding set-up consists of a 23x5 mm? waveguide
head B with the sample M located in the central part
of the wavequide, i. e. at a place of electrical field max-
imum. The dc circuit consisted of the voltage supply
Uy, the sample resistance 7, and the load resistance R
(R < R,) connected in series.

A decrease of dc current caused by radiation-induced
film resistance increase has been indicated for the sam-
ples at T' = 78 K. The measured power—voltage charac-
teristics for two Lag g7Cag.33MnOj3 films with different
thicknesses are presented in Fig. 2 (curves / and 2 for
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Fig. 1. The scheme of microwave measurement set-up: B is the

waveguide head, R, is the sample, M is the film under study, R

is the ohmic resistance, K are the contacts, Uy is the dc voltage
supply, and P is the microwave radiation.
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Fig. 2. Power—voltage characteristics of the thick (/) and thin (2)
film.

thick and thin films, respectively). It can be seen from
the figure that the measured voltage (the microwave re-
sponse) for both of the samples increases linearly with
microwave power at P > 0.3 W. Extrapolation of the
observed linear VV—P dependences to lower power val-
ues gives the characteristic intersects in the P axis at
points P; and P (P;<P,) marked by arrows for thick
and thin films, respectively. In a case of thin film, a
small amount of heat generated by low radiation power
can be drained to the substrate, meanwhile a similar
heat removal is less efficient for thicker film, because
nonequilibrium phonons generated by the microwave
radiation in this case must pass a longer way.
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Thus, we see that major properties of thermal
response are certified by the experiment. There-
fore we conclude that the response observed for the
Lag g7Cag.33MnO3 films at liquid nitrogen temperature
is of thermal nature. According to the obtained exper-
imental data, we propose the following model of the
film response to a microwave radiation. In a case of
high frequency current, the relatively large electrical
capacitance of the intergrain boundaries bypasses their
ohmic resistance, therefore microwave radiation heats
only the grains, which in their turn heat up the inter-
grain boundaries and so change their ohmic resistance.
Since the main contribution to the film resistance is de-
termined by the intergrain resistance, its variation in
effect changes the dc current flowing in the sample and
the resultant voltage drop in the load resistance con-
nected in series to the sample, thus generating the sam-
ple response to the microwave radiation.

3. Conclusions

1. It has been found that the response of
Lag ¢7Cag.33MnOj3 film to a microwave radiation
at T' = 78 K is of thermal nature.

2. A mechanism of the response has been proposed
that takes into account different role of grains and
intergrain boundaries on dc and high frequency
currents flowing in the films. The microwave radi-
ation heats mainly the low resistance grains rather
than the intergrain boundaries shunted by a capac-
itance. The grains, while being heated, heat up the
intergrain boundaries and so change their ohmic
resistance and, consequently, the magnitude of dc
current flowing along the sample.
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