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Abstract. Lap7SrhsMnOs layers and YBaCusOv.s/Lag 7Srh.sMnOs bilayers
were grown by magnetron sputtering on sapphire substrates.temperature
dependences of the resistance of single/5#3Mn0Os films were typical for
polycrystalline manganite materials. The resistanceedesgs with decreasing
of the temperature at medium temperatures and increaseweat &nd higher
temperatures. Deposition of a top Y&asO;.s layer led to a drastic increase
of the sample resistance. These bilayers did not demoastestreasing of the
resistance with decrease of the temperature. Temperagpendence of the re-
sistance of these samples was interpreted in the frameviarloenomenolog-
ical model of two intergrain conduction channels. In frargwof this model,
parameters of the samples were determined and discussed.

PACS codes: 74.78.-w

1 Introduction

In last decades transition-metal oxides provoke enormoaasing interest.
These materials are attractive with their exotic propsriach as high tem-
perature superconductivity (HTS), colossal magnetaiasie (CMR), multi-
ferroism and superparamagnetism [1-3]. The rich physiahede oxides is
due to spin, charge and orbital degrees of freedom and tbapled dynam-
ics [4-6]. A special attention is paid to perovskite mangan@aterials (man-
ganites) LyAxMnOz (L = La, Pr, ...; A =Ca, Sr, Pb, ...) demonstrated a
pronounced CMR effect (a decreasing of the electrical tiegisin external
magnetic field) in ferromagnetic state near to the Curie &napre. In poly-
crystalline materials a low field magnetoresistance (LFMR3ct takes place.
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This is considered to be a result of spin polarized tunnedihgharge carriers
through the intergrain barriers [4, 5].

Thin films and heterostructures of transition-metal oxickesifesting HTS and
CMR properties are specially promising for application iitmelectronics and
spintronics. The growing conditions of the film and the clteastics of the
substrates affect strongly the physical properties of ftins [4-10]. Good
guality epitaxial manganite films can be grown on convergiomonocrystalline
substrates, such as SrEiQaAlO; and MgO [4-6,11-17]. Ferromagnetic thin
manganite films can be prepared on unconventional subsaatsi and AlO; as
well [18-21]. Heterostructures, consisting of manganitg TS YBaCuO7.5
thin films, demonstrating excellent magnetic and superaotie properties,
are successfully growing on conventional monocrystalobstrates (for ex-
ample, on SrTi@, LaAlO; and MgO). Such layered structures were used in a
series of papers [22-25] for investigation of the fundarakptoblem of inter-
action of magnetism and superconductivity in the mang#4iiit€ interfaces and
for device application tasks. At present there is littleoimfiation in the litera-
ture [26-28] concerning characteristics of layered YBC@&iganite structures
deposited on nontraditional substrates. Such kind of igat$ons are of great
importance for understanding the physical processes amface applications.

In this paper we report the results of investigation on thgstiwe and mag-
netic properties of Lg;SrpsMnO3 (LSMO) and YBaCu;Oy.s/Lag 7Srp 3MNnO3
(YBCO/LSMO) films deposited by magnetron sputtering on@{ substrates.

2 Experimental Details

Thin films L& 7Srh.sMnO3 (LSMO) and double YBgCu3O;-5/Lag 7Sr.3MnO3
(YBCO/LSMO) layers (or bilayers) were sputtered on monstaiine AbOs
substrates. The polycrystalline LSMO thin films of 40 nm weeposited by RF
off-axis single magnetron sputtering on double-side pelit5<10x0.5 mn?
r-cut sapphire (AIOz or ALO) substrates. The details of the deposition condi-
tions can be found in our previous work [26]. An in-situ animgaat 500C of
substrate temperature and 600 Torr of oxygen pressure fimir3€ok place for
sample 1 and 3 while sample 2 was directly cooled to room teatpes (RT)
without annealing procedure (less oxygenated).

As a next step, YBCO films of 60 nm and 80 nm were sputtered by fD@xis
double magnetron system on the top of an obtained LSMO fillA{60 nm/40
nm), 2A (60 nm/40 nm - less oxygenated) and 3A (80 nm/40 nmg. Standard
deposition and annealing conditions were used for growiBE® films [29].
Sample 3A with the thicker YBCO film was used for investigataf the char-
acteristic magnetic properties of such bilayers.

The magnetic properties of the samples were investigatet) s PPM$
(Physical Property Measurement System) produced by QoabBesign. The
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DC magnetization measurements were performed by the foipways: first,
the sample was cooled without magnetic field from 300 K dow#d 1, af-
terwards a DC magnetic field of 100 Oe was applied and the measunts
were made in increasing temperatures (ZFC-measuremeerts)nd, the mag-
netization was measured at applied magnetic field of 100 @eaeasing tem-
peratures (FC-measurements); third, after FC-measutsrtt@magnetic field
was decreased to zero (in not overshoot mode) at 4 K and theumezaents
of the remanence magnetization were done at increasingetaypes (ReM-
measurements). For ACM measurements the sample was filgdcdown to
100 K without magnetic field and after that it was measured@tfigld with
amplitude 10 Oe and frequency 9967 Hz for increasing tentperaln all mea-
surements the magnetic field was applied parallel to thetiatbs The electrical
resistance of the samples was measured using standard &g pethod.

3 Results and Discussions

3.1 Magnetic properties

The results of DC magnetization measurements of sample 3BC( 80
nm/LSMO 40 nm) are shown in Figure 1. The sample does not dstratie any
diamagnetic properties, caused by a superconductingticansrhis means that
the YBCO layer of the YBCO/LSMO bilayer deposited on an AL®stnate re-
mains in normal state at low temperatures. On the other thedample reveals
the magnetic properties (with the Curie temperafliggic = 330K, Figure 2)
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Figure 1. Zero field cooled, field cooled (measured at 100 @é)amanence magneti-
zations of YBCO/LSMO bilayer on sapphire substrate (sarBple
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Figure 2. The real (in phase) and imaginary (out of phasd} pérAC differential com-
plex magnetization of YBCO/LSMO bilayer on sapphire suditst(sample 3A).

typical for LSMO materials with polycrystalline nature. &FC magnetization
increases monotonously with decrease of the temperatdrecaiches nearly a
stationary level ai” ~ 200K (Figure 1). The ZFC magnetization, the value of
which is small at low temperatures, increases with an irsered the tempera-
ture and manifests a maximum@at~ 240K. At temperature§” > Tj; ~ 250K
the ZFC branch of the magnetization curve coincides with dfithe FC curve
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Figure 3. The hystetesis curves obtained in field 2 kOe forpsarBA at 4 K (closed
circles), 100 K (open circles), 200 K (closed diamonds) ab@ R (open diamonds).

340



Magnetic and Transport Parameters of LSMO and YBCO/LSM@$:il.

(whereT;; is the temperature of irreversibility of the sample at maignféeld
~100 Oe). This type of irreversibility could indicate a pnese of a nonuni-
form magnetic state in the LSMO film at low temperatures, Whgcsimilar to a
cluster-spin-glass system with a characteristic spisggteansition temperature
Tir. Such a magnetic disorder is hardly affected by the extenaginetic field,
so the irreversibility temperature and the behaviors oRienagnetization will
depend on the magnetic field as well (see for example FC cimegure 11
from [18]).

With increase of the temperature the remanence magnetiz&&M (induced

at 4 K by the magnetic field of 100 Oe) decreases more rapidly the FC

magnetization and gets nearly zero at about 270 K which iatgrehan the ir-

reversibility temperature and smaller than the Curie tenaipee of the sample.
Between this temperature and the temperature of Curieptab@DC magneti-

zation of the sample remains nearly zero despite the fergaeta nature of the
sample.

Temperature dependences of the f&dl(in phase) and the imaginafyd” (out

of phase) parts of AC magnetization of this sample 3A are shiowFigure 2.
The AC magnetization is small at low temperatures becauseredence of
“frozen” immobile magnetic moments in the sample. The “&wzmagnetic
moments are melting with increase of the temperature ancetidgart of mag-
netizationM’ increases and reaches maximum at about 270 K. At higher tempe
aturesM’ decreases rapidly and disappear$’at Tcuie = 330K. The imagi-
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Figure 4. Temperature dependences of the coercive field (cipeles) and dimension-
less magnetization at 1 kOe (closed circles - experimesheathline - calculation using
formula 2 and parameterg:= 3; Msat = 180 emu/cn¥; Teure = 330K for sample 3A.
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nary M" part of AC magnetization characterizes AC electromaghetses and
it manifests a maximum at 280 K.

The Hysteresis loops of sample 3A measured at 4, 100, 2000h 8re shown
in Figure 3. They do not manifest any indications of presesfaperconduct-
ing properties of the bilayer too. The width of hysteres¢the coercive field
H.) is decreasing nearly exponentially with increasing oftdmaperature (Fig-
ures 3 and 4). The temperature dependence of the magrati¢gigure 4) can
be described approximately using the Brillouin functiasr(fiula 2). The satura-
tion magnetization of the sample is several times smalkam that of monocrys-
talline bulk LSMO samples.

3.2 Electrical resistance

Temperature dependences of the resistance of single LSM, fijrown on
ALO substrates (samples 1 and 2) are shown in Figures 5 anidebexXperimen-
tal curves are typical for polycrystalline manganite miaterand films [30-34].
It is known that LSMO films deposited by different methods grewn poly-

crystalline on sapphire substrate [35-37].

The electrical resistance initially rises, attaining a maxm at the metal-
insulator transition temperaturéy ~ 170 K and 210 K for samples 1 and 2
respectively). Belowy,, down to~ 55 K, the behavior is changed to a metallic-
like which is characteristic for a ferromagnetic-metafiftase. Below 55 K the
resistivity increases again suggesting that grain boyrstzaattering plays an im-
portant role in the transport properties of the films.
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Figure 5. Experimental (open squares and triangles) anceladdsolid lines)R vs. T’
of LSMO 1 (dependence 1) and YBCO/LSMO 1A (dependence 2)arReters, used in
modeling, are given in Table 1.
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Figure 6. Experimental (open squares and triangles) anceladdsolid lines)R vs. T'
of LSMO 2 (dependence 1) and YBCO/LSMO 2A (dependence 2)arReters, used in
modeling, are given in Table 1.

The temperature dependence of the resistances of YBCO/LSNA@ers de-

posited on ALO substrates (samples 1A and 2A) is shown inrEgb and 6 as
well. These dependences do not manifest features, chas#icttor a supercon-
ducting transition, and the samples show a high value ofékistance. Struc-
tural and dimensional mismatches [38] between LSMO and Ati@udate a

growth of polycrystalline LSMO films with a large number obgr boundaries
and small grain sizes (see also [31, 32]). The surfaces ofthi@s and grain
boundaries may be contaminated because of difference ofiiseenvironment
at the surface and the inside of the grains. For this reabengtowth of su-

perconducting YBCO crystalline phase is hindered on sualrias. A high

resistive non-superconducting YBCO top layer leads to ficadion of grain

boundaries in the LSMO film and to a modification of the temhemdepen-
dence of the resistance as it is observed in our samplesrésiguand 6).

The temperature dependence of the resistance of the samglesnterpreted
using a phenomenological model of intergrain conductianciels. This model
was developed in [30-33, 39] for description of the eleatriesistivity behav-

Table 1. Fitting parameters.

Ro, ay az - K g2 K Z2 K p o Tewie K
1 7.295¢10°  0.0405 0.9595 390 980 3 1.9 340
1A 5.05x 108 0.0099 0.9901 100 580 9 19 340
2 1.852%10* 0.0285 0.9715 442 1310 2.5 2.4 340
2A 1.61x107 0.0062 0.9938 100 620 15 2.4 340
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ior in granular magnetic materials. In the framework of timedel one kind
of the channel reflects the transport properties of the sysiehieved through
spin-polarized tunneling between neighboring ferromégrggains with good
contacts. The other kind of conduction channel is achielrezligh thermal ac-
tivation of the insulator phase derived from the grain barggdcontaminations,
crystal disorder and poor connectivity between grains. mkasured resistance
R is determined by the total conductance of the above two alann

1 1 — Wy —[Bct Wy (1-m?)]
R™ =Ry | a1e?*eT + age 2kg T , (1)

where Ry is a constant related to the sample resistangggnda; are dimen-
sionless effective section constants for the insulatospltdannels (modeled by
a semiconductorlike resistance) and the channel, redgerfer spin-polarized
tunneling, respectivelykg is Boltzmanns constanf] is the absolute temper-
ature, W5 is the insulator phase activation energy, — the charging energy,
Wi1(1 — m?) is the magnetic correlation function of two neighboringigsaof

the same volume and shapé} — the temperature and magnetic field inde-
pendent constant and is the dimensionless magnetization normalized to the
saturation value for each grain.

For modeling of the temperature dependence of the grain etizgtions we
successfully used the Brillouin functid, (o) [40]

I IgH 3p Tcurie I
"= p(e), NkeT | p+1 ( T > <Io>’ (2)

where H is the external magnetic fieldcyrie is Curie temperaturel, is the
saturation magnetization at 0 K,is the magnetization an¥ is the number of
magnetic atoms per unit volume. Figures 5 and 6 (curves 1y gimodeledr
vs. T' curves together with the experimental dependences foritigged SMO
layers deposited on ALO substrates (samples 1 and 2). Asdfitarameters
were usedRy, a1, az, W1, Wa, E¢, Tcurie, p @nd their magnitudes are given in
Table 1. Itis seen that the calculated curves satisfagtmdtch the experimental
data. The extracted Curie temperatiitgyie 0f 340 K for the samples is close
to the one (330 K) obtained from AC magnetization measuré¢snén the case
of a less oxygenated sample 2, the effective section canstaior the spin -
polarized tunneling channels is smaller than that obtaimége sample 1. Such
a less oxygenated sample is characterized with higher safithe activation
energies of the charge carriers in the both channels of theuamtivity as well. It
can be noted also, that parametergas, W1 /2kg, W /2kg, Ec/2kg, Obtained
for our LSMO films grown on ALO substrate, are not substalstidifferent
from those obtained for thin film LSMO composites grown onlSiX) substrates
[30].

Deposition of a top layer leads to a drastic increase of tagie of the sam-
ples (see Figures 5 and 6, dependences 2) due to high riégisfithe non-
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superconducting top YBCO layer and to a modification of trergboundaries.
As LSMO and YBCO films are electrically connected in paraifethe sam-
ple, the temperature dependence of the resistance wasasatuising the above
model as well. Modeled temperature dependences of thdaesesfor these
samples 1A and 2A (the model parameters are given in Tablee13toown in
Figures 5 and 6. Very small values of the ratio of effectivetism constants
a1 /a9 for these samples (Table 1) reflect a strong suppressioreathithnnels
responsible for a spin-polarized tunneling in LSMO layefrshe sample. For
this reason the samples 1A and 2A do not demonstrate a degedshe resis-
tance with decrease of temperature which is charactefastithe samples with
a spin-polarized tunneling. Both channels of conductsitif these bilayers are
characterized by smaller values of activation enertiigg2kg, W /2kg for the
charge carriers (in comparison with those of a single LSM@1g which prob-
ably means, that the grain boundaries with higher actisagioergies (which
could be considered as grain boundaries with lower qusjitempletely loose
their conductivity during deposition of the top YBCO layeZharging energy
E. is higher for these highly resistive films and it leads to @ $itee behavior of
the R vs.T dependences at low temperatures (see Figures 5 and 6, @Jrves

4 Conclusions

The L& 7SthsMnO; (LSMO) layers and YBgCuzO;.5/Lag7Srh3MnO3
(YBCO/LSMO) bilayers were grown on sapphire {8s) substrates. The
layers were not monocrystalline. The magnetic propertiéseoYBCO/LSMO
bilayer indicated a presence of a nonuniform magnetic stettee LSMO film
at low temperaturet’ < Ti; ~ 250 K.

The temperature dependence of the resistances of singleOLMs, grown
on ALO substrates were typical for polycrystalline mang@aniaterials and the
resistance decreased with decrease of the temperaturelatrmemperatures
and increased at lower and higher temperatures. Depositetop YBCO layer
on these samples led to a drastic increase of their resestarioe temperature
dependence of the resistance of these LSMO films and YBCOQ ®itayers
was interpreted in the framework of a phenomenological hofdevo intergrain
conduction channels. Very small values of the ratigas of effective section
constantsi;, ay of these channels in YBCO/LSMO samples, determined in the
framework of the above model, reflected a strong suppressitie conductivity
of channels responsible for a spin-polarized tunneling MO layers of the
double-layer sample.
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