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We report the synthesis and characterization of Nd0.5Sr0.5MnO3/

YBa2Cu3O7 superlattices. X-ray diffraction studies show that the super-

lattices are [001] oriented. We observe that the magnetic ground state of

Nd0.5Sr0.5MnO3 system in a multilayered structure is strongly dependent

on the substrate.

PACS numbers: 74.25.Ha, 74.78.Fk, 75.70.Cn

1. Introduction

The possibility of various applications and the appearance of new interesting
physics make the experimental and theoretical study of magnetic/superconducting
hybrid structures a popular topic. Interfaces between two dissimilar materi-
als have always in this respect been very interesting. Hole doped manganite
Nd1−xSrxMnO3 exhibit a rich phase diagram as a function of x [1], where metallic
state below TC becomes unstable and goes to an insulating state. This is due to the
real space ordering of Mn3+ and Mn4+ ions in different sublattices. The ground
state of the bulk single crystal Nd0.5Sr0.5MnO3 (NSMO) shows antiferromagnetic
ordering (charge ordered state) with Néel temperature TN of about 140 K.

The transport and magnetic properties of single NSMO films depend signifi-
cantly on the strain effect [2, 3] imposed on NSMO film by the substrate, therefore
one can expect additional strain effect on NSMO films in multilayered structure
imposed by YBa2Cu3O7 (YBCO) films.

In this report we present the structural, transport, and magnetic properties
of NSMO thin films and NSMO/YBCO superlattices deposited on (110) NdGaO3

and (100) [(LaAlO3)0.28(SrTaAlO6)0.72] (LSAT) substrates.
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2. Experimental

The NSMO films and NSMO/YBCO superlattices were fabricated on
(100) NdGaO3 and (100) [(LaAlO3)0.3(Sr2TaAlO6)0.7] substrates by multitar-
get high pressure dc sputtering [4]. The targets with nominal composition of
Nd0.5Sr0.5MnO3 and YBa2Cu3O7 were used for deposition. Deposition was per-
formed at 770◦C with oxygen pressure of 3 mbar. The thickness of each layer was
controlled by the sputtering time of respective targets. The crystallographic struc-
ture of the samples was analyzed by X-ray diffraction. The dc magnetizations were
measured with SQUID magnetometer in the temperature range of 5–300 K in the
magnetic field up to 1 kOe. Microstructural properties of the samples were exam-
ined using a transmission electron microscope (TEM JEOL 2000EX). Resistance
versus temperature measurements were performed with a four-probe method.

3. Results and discussion

We have deposited NSMO thin films and [NSMO 16u.c./YBCO nu.c.]16 su-
perlattices, where n = 1–8, 10 unit cells thick YBCO layers on (110) NdGaO3

and (100) LSAT substrates. Figure 1 shows representative low-angle (a) and high-
-angle (b) X-ray data for superlattice [NSMO 16u.c./YBCO 1u.c.]16. The low-
angle spectrum exhibits multilayers peaks with low intensity, resulting from the
chemical modulation of the mutilayer, with small size oscillations (the Kiessig
fringes). In the high-angle spectrum, a well-defined (002) Bragg peak and super-
lattice satellite peaks up to 4th order are seen.

Fig. 1. Low-angle (a) and high-angle (b) X-ray pattern for [NSMO 16u.c./

YBCO 1u.c.]16 superlattice.

The observed modulation wavelength is in agreement within 7% with the
expected values. This is confirmed by transmission electron microscopy (TEM)
cross-section image studies. The lattice fringe and selected area electron diffraction
patterns (the inset) obtained at an interface between NSMO and YBCO layers are
presented indicating sharp interfaces (Fig. 2).
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Fig. 2. TEM cross-section image and the selected area of electron diffraction patterns

(inset) for [NSMO 16u.c./YBCO 1u.c.]16, superlattice deposited at LSAT (100) sub-

strate.

Fig. 3. The resistance, R(T ), as a function of temperature for single Nd0.5Sr0.5MnO3

film and [NSMO 16u.c./YBCO nu.c.]16 superlattices deposited at LSAT (a) and NdGaO3

(b) substrates, respectively.

In Fig. 3a,b the resistance R(T ) as a function of temperature for single
Nd0.5Sr0.5MnO3 film and NSMO/YBCO superlattices deposited on NdGaO3 and
LSAT substrates are shown. A kink on R(T ) curves is seen for NSMO films
deposited on both substrates at about 140 K. This observation presumably is
related to a phase transition from a paramagnetic to antiferromagnetic state.
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Fig. 4. Magnetic moment versus temperature for single NSMO films, deposited on

(110)NdGaO3 (a) and (100) LSAT (b) substrates. Magnetic field was applied in plane.

The appearance of superconducting transition in multilayered structure is
observed for the samples with YBCO layer thickness equal or larger than 3 unit
cells. A similar behavior has been observed in other NSMO/YBCO superlat-
tices [5]. This is in contrast to the measurements on LSMO/YBCO superlat-
tices [6], where the transition to superconducting state is observed for the samples
with at last 2 unit cell thick YBCO layers. The zero net magnetic moment is ob-
served for a single NSMO film on NdGaO3 substrate as shown in Fig. 4, whereas
a weak ferromagnetic moment is seen at low temperatures for film deposited on
LSAT substrate. The difference in magnetic ground state of NSMO films deposited
on different substrates is presumably a result of different degree of (lattice) tetrag-
onal distortion [2, 3] of NSMO films imposed by the substrates and YBCO layers.

Fig. 5. (a) ZFC and FC magnetic moment for [NSMO 16u.c./YBCO 7u.c.]16 super-

lattice deposited at LSAT substrate, inset — ZFC magnetic moment, (b–d) M−H

hysteresis loops, (e) ZFC and FC magnetic moment of [NSMO 16u.c./YBCO 10u.c.]16

superlattice deposited at NdGaO3 substrate, inset — ZFC magnetic moment vs. tem-

perature, (f) hysteresis loops measured below and above superconducting transition.
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Figure 5a shows zero-field-cooled (ZFC) and field-cooled (FC) M(T ) curves.
M(H) hysteresis loops measured for [NSMO 16u.c./YBCO 7u.c.]16 superlattice
deposited at LSAT substrate are presented in Fig. 5b–d. The weak ferromagnetic
moment is seen below T = 40 K, similar to the observation for the single NSMO
film deposited on the same substrate. Presented in Fig. 5e–d M(T ) and M(H)
curves for the [NSMO 16u.c./YBCO 10u.c.]16 superlattice demonstrate a zero net
magnetic moment (the paramagnetic substrate contribution has been subtracted).

These observations indicate the existence of the antiferromagnetic ground
state in the NSMO layers in a multilayered structure. Measurements of M(H) of
NSMO/YBCO superlattices on LSAT substrates in FC mode (not shown) demon-
strate a shift of the hysteresis loop along H axis (exchange bias). Such behavior
suggests the charge transfer of holes from YBCO layers to NSMO layers similar
to the observation on LSMO/YBCO superlattices [6].

In summary, we have fabricated Nd0.5Sr0.5MnO3/YBCO superlattices of a
high structural quality. The magnetic moment measurements show a weak ferro-
magnetic order of NSMO system in the multilayered structure deposited at LSAT
substrates. The zero net magnetic moment is observed for NSMO system in the
multilayered structure deposited at NdGaO3 substrates.

Acknowledgments

This work was supported by the Ministry of Sciences and Higher Education
(MNiSW-1 P03B 122 30).

References

[1] Y. Tokura, Rep. Prog. Phys. 69, 797 (2006).

[2] M. Nakamura, Y. Ogimoto, H. Tamaru, M. Izumi, K. Miyano, Appl. Phys. Lett.

86, 18254 (2005).

[3] W. Prellier, A. Biswas, M. Rajeswari, T. Venkatesan, R. Greene, Appl. Phys.

Lett. 75, 397 (1999).

[4] P. Przyslupski, A. Wisniewski, R. Szymczak, J. Igalson, Czech. J. Phys. 46, 1355

(1996); P. Przyslupski, S. Kolesnik, E. Dynowska, T. Skoskiewicz, M. Sawicki,

IEEE Trans. Appl. Supercond. 7, 2192 (1997); P. PrzysÃlupski, Acta Phys. Pol.

A 92, 127 (1997).

[5] P. Przyslupski, I. Komissarov, E. Dynowska, M. Sawicki, J. Wosik, A. Szewczyk,

IEEE Trans. Appl. Supercond. 13, 2853 (2003).

[6] P. Przyslupski, A. Tsarou, P. Dluzewski, W. Paszkowicz, R. Minikayev, K. Dybko,

M. Sawicki, B. Dabrowski, C. Kimaball, Supercond. Sci. Technol. 19, S38 (2006).


