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Abstract

The magnetic properties of LaSrMnO; and (Lag¢7Cag3:)MnO; systems were studied as a
function of temperature by FMR technique. A quite strong FMR signal at low field (even zero)
region appeared in addition to the main ferromagnetic resonance (FMR) peak of LaSrMnO; at
room temperatures. From the analysis of the FMR spectra of (Lag¢Cag3;)MnO; it was found that a
significant exchange anisotropy is induced at low temperatures. This anisotropy energy cants the
local spin’s direction and result in a colossal magneto-resistivity. The thin films of La-Ca-Mn-O
system have also been studied after temperature annealing under different physical conditions
(different temperature and oxygen treatment). The temperature annealing was observed to have
significant effects on the magnetic properties of the system. The paramagnetic-ferromagnetic
(perhaps spin glass) phase transition temperature drastically shifted to lower temperature for thin
films case.
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1. Introduction

Ferromagnetic resonance (FMR) was one of the commonly used techniques to investigate
the fundamental properties of some thin films of the magnetic materials[1]. Probably the earliest
ionic ferromagnets so recognized were manganese compounds with the perovskite structure. Jonker
and Van Santen(1950) studied polycrystalline materials with the general formula

(La) MY )Mn}", 0, where M is a divalent cation, cither Ca, Sr, Ba, Cd, or Pb. For certain ranges

I-x
of x, usually in the region x = 0,3, the compounds were found to be essentially ferromagnets with

a higher electrical conductivity. To explain the ferromagnetic interaction, Zener(1951) introduced
the theory of double exchange wherein free or quasifree d-band carriers are exchanged between

Mn* and Mn"* ions. The theory was developed further by Goodenough(1955), Anderson and
Hasegawa(1955), and De Gennes(1960) [2]. The double exchange leads to ferromagnetic
alignment of spins [3].

LaSrMnO; and  (Lage:Capy;)MnO;  systems  exhibit  giant  magnetoresistivity,
antiferromagnetic-ferromagnetic and insulator-conductor phase transition, depending on the
concentration of Ca and/or Sr atom [4]. The systems have attracted considerable attention in recent
years for their fundamental physical properties as well as for their potential device applications
such as magnetic recording heads [5]. To explain the conductivity mechanism, the superexchange
interaction through the oxygen atoms was proposed in the literature [6]. In this study, we
investigated these systems by FMR technique.

2. Model

In ferromagnetic resonance (FMR) and antiresonance (AR) experiments the properties of
materials are investigated by means of observing the change of absorption of incident microwave
radiation on the sample (effective permeability or surface impedance measurements) as a function
of frequency and external dc magnetic field [7]. The power absorbed by the sample in a microwave
cavity, and hence the integral of our measured resonance signals, is proportional to the real part of
the surface impedance, Z [8,9]. The dispersion relation of microwave component of the

magnetization for ferromagnetic samples is given by [10]
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where @ is the precession frequency of the spins, & and ¢ are the polar angles between the

magnetization vector and film normal along the experimental z axis, M is the saturation
magnetization, D is the exchange interaction parameter between the spins, k is the wave vector
for the n-th spin wave mod, E is the average magnetic energy density, 7, is the relaxation time for

dynamic component of the magnetization. Here F is assumed to be composed of Zeeman, E_,

demagnetization, £, the bulk anisotropy, E,, and the exchange , E, ., terms as follows

E b1 E: + Eb + E«l + E«xr [2J

where

E, = -MH|sin(8)sin(8,, )sin(¢ - ¢,, )+ cos(6)cos(8,, )]
E, =-2aM*sin*(@) , E, = K, sin’(9)
The effective field component due to the exchange energy density is given as

B, « =2t ié[la,,u}
M M*la

FMR absorption line can be obtained from Eq.1 by equating the precession frequency to the
microwave frequency [11].
3. Experimental Results and Discussion

FMR (ESR, Electron Spin Resonance) measurements were carried out by an x-band
spectrometer and the data were stored by a computer. We took spectra between 4K -300 K as a
function of H and angle of the applied magnetic field with respect to the film normal. We can see
The angular behavior of the FMR spectra from the bulk LaSrMnO; compound at 300 K are plotted
in Fig.1.

Magnetic Field (kG)

FIGURE 1. The angular behaviors of the FMR spectra taken from the single crystal of LaSrMnOj; cut as a thin disc.
Angles are shown on the related peaks.
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As seen in the figure, as the direction of the magnetic field approaches to the film normal,
the resonance lines broaden and become weaker. It can also be seen that shape of the spectra
change with the angle. The lines are not symmetrical with respect to the base line (horizontal line).
The variation of the resonance fields of the single crystal of LaSrMnO; with respect to the angle
are shown in Fig.2. In this figure, dots represent the experimental results, and the continuous curve
shows the theoretical lines obtained from the model. As seen in the figure, the theoretical results fit
the experimental ones very well. As the direction of the magnetic field approaches to the film
normal (i.e. 0 degree), the resonance lines shift to the higher fields. The computer analysis of the
resonance curve given in the figure shows that this is a characteristic behavior of a ferromagnetic
materials. However, the spectra exhibit additional absorption peaks at very low field (even at zero)
region, having significant intensity which are indicated by a circle in Fig.l. This absorption
suggests us that this material could be used as passive microwave device to detect the microwave at
zero fields.
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FIGURE 2. The changes of the resonance fields of the
single crystal of LaSrMnO; with respect to the angle.
Dots denote the experimental results, and the
continuous curve represents the theoretical lines
obtained from the model fitting the experiment.

FIGURE 3. The changes of the FMR spectra taken
from LaSrMnO; compound with respect to the
temperature for the parallel gecometry.

The spectra taken from LaSrMnO; compound for parallel geometry (when the external field
lies in film planes, PG case) at different temperatures are shown in Fig.3. As seen in the figure, the
absorption lines for both modes (major and minor peaks) broaden and overlap as the temperature is
decreased. The analysis of the experimental data for the perpendicular geometry, by the model
mentioned above, shows that a considerable exchange anisotropy is induced at low temperatures.

Figure 4 shows temperature variations of the resonance curves for both geometries. We
recorded more spectra between SK-230K. But due to the limitation of space, we have chosen some
of them. As seen from the figure, starting from approximately 150 K, if one goes to the lower
temperatures, the parallel and perpendicular components of the spectra broaden and the resonance

“curves go to the lower fields. Some results can be deduced from these data. One of them is that as
the temperature decreases, the resonance curves shift to the lower fields and the resonance field
differences between the two geometries decrease accordingly. This difference is a measure of the
magnetization. Figure 5 shows temperature variation of the resonance fields of the thin film of
(Lag67Cag3;)Mn0O;, for the perpendicular and parallel geometries. In Fig.6 variation of the
magnetization of (LagCag33)MnOs film are plotted against temperature.

As seen from the Fig.4, while the temperature rises over 150 K, the differences between the
resonance curves decrease and the two components overlap at T=230 K. At this temperature, a
phase transition (from ferromagnetic to paramagnetic) occurs since the difference between the
resonance fields of the two geometries vanishes. As seen from Fig.6, as the temperature is
decreased, the magnetization decreases. The magnetization takes the zero value over the
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temperature of approximately 200 K. As mentioned above, there is ferromagnetic-paramagnetic
phase transition. We see this phase transition both by using the experimental and the theoretical
spectra for (Lag¢7Cag33)MnO; as shown in Fig.6. Our theoretical model fits the experimental results

quite well.
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FIGURE 4. The changes of the FMR spectra taken from the thin {ilm of (Lage7Cay33)MnO; with
temperature for the perpendicular and the parallel geometrics for certain temperatures between 5-230 K.
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FIGURE 5. The changes of the resonance fields of
the thin film of (Lag¢;Cag 33)MnO; with respect to the
temperature for the perpendicular and the parallel
geometries.
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FIGURE' 6. The changes of the magnetization of the
thin film of (LageCags;)MnO; with respect to the

tempcerature.
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The La-Ca-Mn-O system have also been studied in thin film form after temperature
annealing the samples under different physical conditions (different temperature and oxygen
treatment). The paramagnetic-ferromagnetic (perhaps spin glass) phase transition temperature
drastically shifted to lower temperature for thin film case. The temperature annealing was observed
to have minor effect on the magnetic properties of the system.
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