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Results of research of electron magnetic resonance absorption in nanocomposites with
different ratios of LajgSry,MnO; manganite and superconductor Biy,Pb,;Ca,Sr,Cuz04_,
(Bi2223) additives in the wide range of frequencies of 22-40 GHz, 68-80 GHz are pre-
sented at temperatures T = 340 K and 4.2 K. The manifestation of two peaks in the
Electronic Magnetic Resonance spectrum is assigned to appearance of collinear ferromag-
netic and paramagnetic phases in the structure under study.

IIpencTaBieHbl Pe3yALTATHI MCCIELOBAHNA MATHHTOPE30HAHCHOIO MOIVIOIIEHUS JJIEKTPO-
MATHHTHEIX BOJH B HAHOKOMIIOBHMTAX C PAsHBIM COOTHOIIeHMeM MaHramura LaggSry,MnO; u
csepxnposoganka Biy ;Pby 3Ca,Sr,Cug0,_, (Bi2223) B mmpokom JumamasoHe uacToT 22—
40 I'Tu, 68—80 I'Tu mpu KOMHATHOM W reJaueBoi Temieparype. IIpogeMOHCTPHPOBAHO HAJM-
yye IBYX [HUKOB 3JEKTPOHHOIO MATHHATHOI'O PE30HAHCA, IPUIUCHIBAEMBIX KOJJINHEAPHOU
(epPOMArHUTHON 1 IIapaMarHUTHON (pasam.

MaraiTope30HAHCHI BJIACTUBOCTI HAHOKOMIIO3UTY MAHTAHITY-TIEPOBCKITY 3 JOTaBaHHAM
magnpoBigauka Bi2223 mpu T =300 K, T = 4.2 K. T.B.Kaamuxosa, C.B.Hedyx, C.FO.IToxe-
6oii, C.I.Tapanos, B.IO.Taperkos.

TIpencTaBjieHo pe3yabTATH OOCHI[MKeHHA MAarHiTOpe3OHAHCHOrO MOMVIMHAHHA eleKTpo-
MAaTHITHMX XBMJb y HAHOKOMIIOSHTAX 3 PisHMM cmiBBigHOmMeHHAM MaHrasira Lag ¢Sry ,MnO4
ta Hagmposigamka Biy ,Pby 3Ca,Sr,Cus0;_, (Bi2223) y mupokomy miamasoni wacror 22—40 I'Tn,
68—80 ITy mpu Kimuarmiii i remiesiii Temmeparypi. IIpomeMOHCTPOBAHO HAABHICTH IBOX
HiKiE eJeKTPOHHOI'0 MAarHiTHOI'O Pe3OHAHCYy, MI0 HaJemaTh KoJiHeapuiii ¢gepomarmiTHin i
napamMarmiTHii gasam.
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1. Introduction

Interest to research of magnetic materi-
als such as, for example, manganites
perovskites is caused both the demands of
modern technologies and abundance of vari-
ous types of the magnetic interactions in
the crystal lattice of perovskite, called by
their intrinsic features. One of the most
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prominent features of such structures is the
effect of Colossal Magnetoresistance (CMR)
which for manganites at cryogenic tempera-
tures can extend in some orders similar effect
for traditional multilayered heterostructures.
Materials with general formula

Ln; ,AMnOj3 (where Ln is a trivalent ion of
group La, A is a bivalent ion of alkaline or
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alkaline-earth atom) are of strong interest
due to their complex phase diagram. The
main mechanism of the charge transfer in
such structures is the "double exchange”
mechanism between Mn-ions of different va-
lency (Mn3+—O-Mn#+) [1]. The "double ex-
change” and Yan-Teller effect allow to ex-
plain low-temperature properties of weakly
doped compounds of LaMnOj in the frame of
model of band insulator model.

Another important fact is that the doped
manganites-perovskites can reveal the left-
handed properties [2—4] in the microwave
band. Existence of these properties and op-
portunity to control them by temperature
and by external magnetic field also causes a
great interest from the practical and funda-
mental points of view. Otherwise it is
known [5, 6], that in nanocomposite materi-
als of various consistence such as: supercon-
ductor-magnetic, metal-dielectric material,
etc. very specific mechanisms of transfer of
a charge and dynamics of a magnetic flux
can arise, that can affect on the electromag-
netic features of structures under research.
Namely by this reason the magnetic proper-
ties of manganite-perovskite with addition
of high-temperature superconductor
Biy 7Pbg 3Ca,Sr,Cuz0;_, (the ceramics of bis-
muthic metaloxide which abbreviation is
Bi2223) are investigated in the given work.

2. Experimental

We studied the electron magnetic reso-
nance response for three samples of
Lag gSrg 4MnO5 + Bi2223 manganite perovskite,
in which Bi2223 concentration was 85 %,
79.5 %, 75 %, correspondingly, at tempera-
tures T =4.2 K (frequencies f = 60-78 GHz)
and T = 300 K (frequencies f = 2—40 GHz).

The ceramics of bismuthic metaloxide of
the phase Bi2223 was obtained from the cor-
responding oxides by the method of solid-
phase synthesis at temperature 850°C. After
secondary re-grinding and repressing sam-
ples were annealed in 2 stages: at the first stage
annealing was carried out at T = 850°C for
8 h and at the second stage annealing was
carried out at T = 825°C for 6 h. Such tech-
nology allows to receive the concentration
of Bi2223 in the sample up to 95 %. Elec-
tronic microscopic researches showed, that
the samples represent the ceramic polycrystal
consisting of well-expressed microcrystals with
d = 5-10 um sizes.

Manganite perovskite specimens
Lag 7Srg 3MnO3 having sizes of nanoparticles
of d =8-10 nm were obtained by Zol-Gel
method. On the basis of these components
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the composite with various volume contents
of component was obtained. To reach the
maximum homogeneity of the specimen the
powders of Bi2223 and manganite —
Lag 7Srg sMnO3 were mixed in aleohol, dried
and stirred mechanically. After that the
tablets (with diameter d =18 mm) were
pressed at P = 10 Kbar. To verify the tech-
nology the plate shaped specimens S =
0.2x1x10 mm3 sizes were performed simul-
taneously. Current and potential contacts
were prepared by drawing the colloidal sil-
ver into the contact area before sample
pressing. The samples weren’t sintered to
avoid the interdiffusion and chemical reac-
tions between the components.

Magnetic resonance absorption in the
range of 22—-40 GHz; (T=300 K)

Experimental registration of magne-
toresonance absorption has been carried out
using Vector Network Analyzer Agilent
PNA-LN5230A by the technique described
in [7]. Studied samples during experiment
were placed in a metal rectangular waveguide
which was located in turn in a gap between
electromagnet poles. The specimens:
No.1 — Lag gSrg 4MnO5(15 %) + Bi2223 (85%),
No.8 — LaygSrysMnO5(25 %) + Bi2223 (Bi 75 %)
have been studied.

During experiment the magnitudes of
halfwidth of the Electron Resonace Line
(the linewidth, AH, ;) were determined. For
"parallel” geometry of experiment, (the vec-
tor of external magnetic field and magnetic
component of the microwave field vector lie
in the plane of the thin-film sample and are
mutually perpendicular) it was AHI/Z =
2000-2500 Oe. For "perpendicular” geome-
try, (microwave field magnetic component
lies in the sample plane, and the vector of
magnetic field is directed perpendicularly to
the sample plane) it was AHy 9 = 3000 Oe.
The resonance frequency magnitudes versus
the resonance magnetic field magnitudes de-
pendencies (called as resonance frequency-field
dependences) are presented in Fig. 1(a—c).

In Fig. 1 the dotted line is the reference
curve representing the known resonance fre-
quency-field dependence for free electron,
by squares — the resonance frequency-field
dependence for “parallel” geometry of the
experiment, triangles — resonance fre-
quency-field dependence for "perpendicular”
geometry of the experiment.

Magnetic resonance absorption in the
range of 60-78 GHz; (T=4.2 K)
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Fig. 1. Resonance frequency-field dependence
at T7=300 K: a) Nel LaggSry,MnO5(15%) +
Bi2223(85%), b) Ne2 Lag gSry 4MnO4(20.5% )+
Bi2223(79.5%), ¢) Ne 3 LaggSr, 4MnO5(25% )+
Bi2223(Bi75%). Squares — the “parallel” ge-
ometry; triangles — the "perpendicular” ge-
ometry; dashed line — the reference curve.

Cryomagnetic radiospectrometer BURAN
[8] was applied to carry out the low-tem-
perature magnetic resonance experiment.

In Fig. 2(a—c) (resonance frequency)-
(resonance field) dependences for three men-
tioned above samples, are presented for T =
4.2 K. The dependencies are based on the ex-
perimentally detected peaks of Electron Mag-
netic Resonance. Here the dotted line is the
reference curve, represented the known reso-
nance frequency-field dependence for not cou-
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Fig. 2 Resonance frequency-field dependence
at T=4.2 K a) N 1 LaggSry4MnO5(15% )+
Bi2223(85%), 6) Ne 2 LaOYGSrO’4Mn03(20.5% )+
Bi2223(79.5%), B) Ne 3 Lag 6Srg 4MnO5(25% )+
Bi2223(Bi75%). Squares — the “parallel” ge-
ometry; triangles — the "perpendicular™ ge-
ometry; dashed line — the reference curve;
stars — the satellite peak.

pled free electron, squares — the resonance
frequency-field dependence for “parallel”
geometry of the experiment, triangles —
the resonance frequency-field dependence
"perpendicular” geometry of the experi-
ment.

The graph with splitted line of the Elec-
tron Magnetic Resonance was detected for
"parallel” geometry (see the inset in Fig. 2b).
On the resonance frequency-field depend-
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Fig.3 Temperature dependences of R/Rmax(T)
for samples of Bi2223 — LSMO with volumetric
concentration of 15, 20.5 and 25% of LSMO.

ence these points are marked by squares
(the main peak) and stars (the satellite
peak). This result is similar to result of
work [9] where it was shown how for
La;_,BiyMnOg3, 5 sample the line of the Ferro-
magnetic Resonance separates from the line
of the Electron Spin Resonance while the
temperature falls down.

4. Results and discussion

It is necessary to take into account that
the samples under study are in two differ-
ent "magnetic phase” states for various
temperatures of the experiment. At tem-
perature T = 300 K the LSMO component of
the samples is ferromagnetic conductor and
Bi2223 component still not superconductor.
At T = 4.2 K the Bi2223 component is dia-
magnetic superconductor (Fig. 3 and 4), as
the LSMO part is the most probably a mix-
ture of ferromagnetic and superparamag-
netic conductive phases.

Let analyze the behavior of the samples
at temperature of T = 4.2 K, that is of the
most interest.

In Fig. 3 R/Rp;4x(T) dependencies for
the samples with 15, 20.5, 25 volume % of
LSMO are presented. With increasing of the
LSMO concentration the specific resistance
of a composite grows, and R/Ry,x(T) char-
acteristic around superconducting transition
of Bi2223 is washed away and at 77 K resis-
tance of the samples becomes significantly
large magnitude. This result specifies that
the percolation cluster of Bi2223 even at
small concentration of LSMO is broken. This
fact contradicts conclusions of the classical
theory of percolation which says that the
infinite percolation cluster remains even to
80 % of impurity. Explanation for the fast
breaking the percolation cluster of Bi2223
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Fig. 4 M(H) dependence of a composite Bi
2223 - LSMO with volumetric concentration
15 % LSMO.

could be different dimensions of component,
forming the composite. If Bi2223 has char-
acteristic sizes of granules 5-10 um, the
LSMO consists of nanogranules of 8—10 nm.
Most likely, nanogranules of manganite
"flow round” the macroscopic granules of
Bi2223 and the measuring current flows on
Bi2223-LSMO-Bi2223-LSMO-Bi2223 chains.

General characteristic describing the su-
perconducting and magnetic properties at
low temperatures (T = 15 K) is M(H) curve.
As we can see, in Fig. 4 the dependence
M(H) presented has incomes from the both
magnetic and diamagnetic components.

Presence of the LSMO ferromagnetic
component leads to hysteresis shape of the
loop of the magnetization reversal and the
diamagnetic contribution Bi2223 (which in
superconducting state) is manifested in the
curving up parts of the magnetization re-
versal curve during the reversal path of
magnetic field.

It testifies that the studied composite
possesses properties of the both supercon-
ductor and ferromagnetic.

This assumption explains the results of
the magnetoresonance experiments. Namely,
the magnetic resonance absorption peak
broadens with the temperature decreasing:
from AHj,5 = 2000-2500 Oe at T =300 K
up to AHy 5 = 3000 Oe at T = 4.2 K. Beside
this not one but two magnetoresonance
peaks (Fig. 2b) present for the sample No.2.
Thus while the temperature decreases up to
range T < Tp, (here Ty — is the blocking
temperature [10, 11]), a certain part of
LSMO granules in the samples transfer into
superparamagnetic state. This causes the
appearance of additional magentoresonance
peaks, which corresponds to superparamag-
netic phase. Absence of the additional (sat-
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ellite) magnetoresonance peaks for the sam-
ples No.1 and No.3, apparently is caused
the fact that very broad magnetoresonance
absorption peaks for ferromagnetic phase
hide quite narrow absorption peaks of su-
perparamagnetic LSMO granules.

Analysis of the results of the electron
magnetic resonance absorption at T = 300 K
is not so interesting because at such high
temperatures the specific features of Bi2223
components in the composite are lost (which
is normal but not in superconducting state).
However, a qualitative analysis of these
curves indicates that the samples of LSMO
component are in ferromagnetic state and
does not exclude the presence of the mag-
netic anisotropy field, directed perpendicu-
lar to the plane of the flat samples.

4. Conclusions

Thus, in the magnetic resonance re-
searches of LaggSrg4MnOj + Bi2223 nano-
composite: it was shown that the Electron
Magnetic Resonance peaks for all samples
broadened out when temperature fell up to
T =4.2 K. In sample No.2 at T = 4.2 K for
"parallel” geometry, two lines of the Elec-
tron Magnetic Resonance registered, that
testifies the co-existence of two magnetic
phases: the ferromagnetic and superparam-
agnetic phase. It was shown that at tem-
perature T = 15 K the Bi2223-component in
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sample No.1 is in the superconducting
state.
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