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Thin  YBa,Cu;0;_s/Lag ¢;.Ca 3aMNO; (YBCO/LCMO) films were grown on SrTig{STO)
substrates by magnetron sputtering technique. The microstructures of the bilayers were
characterized and a standard four-probe technique was applied to measure the resistivity of the
samples. The interdiffusions at the YBCO/LCMO and LCMO/STO interfaces formed two transient
layers with the thickness of about 3 and 2 nm, respectively. All the bilayers were well textured along
the c axis. At low temperature, the superconductivity can only be observed when the thickness of
YBCO is more than 25 nm. When the thickness of YBCO is less than 8 nm, the bilayers show only
ferromagnetism. The superconductivity and ferromagnetism perhaps coexist in the bilayer with the
YBCO thickness of 12.5 nm. These interesting properties are related to the interaction between spin
polarized electrons in the manganites and the cooper pairs in the cupratéZ)03American
Institute of Physics.[DOI: 10.1063/1.1541653

I. INTRODUCTION tures and transport properties of heteroepitaxial bilayers. In
this article we present the microstructure and transport prop-
The classical proximity effect between the conventionalerties of YBaCu;O,.s5/Lay §7Ca 33MNn0O; (YBCO/LCMO)
superconductofS) and metallic ferromagnédf) thin layers  bilayers.
has been studied in many systems theoretically and
experimentally.® It is now believed that the heterostructure,
combined highT . superconductofHTS) with colossal mag-
netoresistanc€CMR) oxide, has potential application in fast Thin YBCO/LCMO films were grown on (100
devices with high gain, due to the almost full spin polariza-SrTiO;(STO) substrates by the off-axis rf magnetron sput-
tion of CMR oxides, together with the fast relaxation timestering technique. The total sputtering pressure of 25%
and low carrier density of HTS. In most cases, perfect crysoxygen—75% argon mixture was kept at 10—-20 Pa. The de-
talline structure will play an important role in ensuring the positing temperature was 750—770 °C for LCMO and 730-
properties of devices. Fortunately, the similarity in the struc-750 °C for YBCO, respectively. The growth rate for LCMO
ture of highT. cuprate and CMR manganite makes it pos-and YBCO was 0.6—0.7 and 0.9—1.0 nm/min, respectively.
sible to prepare high quality heterostructures. ThereforeAll the samples were postannealed for 0.5 h at 500 °C in 1
many studies have been performed on HTS/CMRS  atm of pure oxygen. In YBCO/LCMO/STO heterostructures
heterostructures, especially on cuprate/manganite heterstudied here, the LCMO thickness was fixed at 30 nm and
structures** Most of these studies are devoted to the superthe YBCO thicknesst for different samples are listed in
conductivity and magnetism of cuprate/manganite multilay-Table 1.
ers and superlattices. It is generally believed that the super- The microstructures of samples were characterized by
conductivity is suppressed by spin-polarized carriers injectethe high resolution x-ray diffraction, grazing incident x-ray
into superconductd?3In addition, it is significant to point  reflectivity (GIXR), Auger electron spectroscogiES), and
out that in Ref. 13 the value of self-injection length of spin-
polarized carrier§77 K) was estimated to be- 90 nm in a
Lag Ca) ;MnO3/YBa,CuzO,_ 5 bilayer from the measure-
ment of critical current density, .
Although many studies have been performed in cuprate/ Sample t (nm)
manganite multilayers and superlattices as mentioned above,

Il. EXPERIMENT

TABLE I. The YBCO thickness of YBCO/LCMO(30 nm)/ST®( hetero-
structure.

L . . . A 50
there is little work on the relationship between microstruc- B 25
C 12.5

D 8
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FIG. 1. High angle X-ray diffraction patterns for samples. The capitalizedrF|G. 3. The depth dependence of element Cu, La, and Ti composition in
letters S L, and Y refer to STO, LCMO, and YBCO, respectively. The sample C.
numbers in parentheses is Miller indices.

C and E. Here the theoretical simulation is based on

atomic force mlcroscopyAFM)_. A_dc four-probe methqd Fresnel's law:* The corresponding simulation parameters are
was used to measure the resistivity of the samples W'thoqfsted in Table II, from which one can see that there is a

magnetic field applied. difference between the nominal and real thickness of the
sublayers and transient layer existing at the YBCO/LCMO
lll. RESULTS AND DISCUSSION and LCMO/STO interfaces, with the thicknesses of about 3

Figure 1 shows high angle x-ray diffraction pattern for @and 2 nm, respectively. The results of AES, shown in Fig. 3,

samples, in which only (@0)-type diffraction peaks can be confirmed that the transient layer is caused by the interdiffu-
found. This means that all the samples were welixis Sion at the interface. In addition, the surface root-mean-

grown. From the (0D) peak position we can learn that with Square(rms) roughness for samples C and E is, respectively,
increasing the YBCO thickness the lattice paramﬁm‘f 0.45 and 0.74 nm, which is consistent with the observation
YBCO layer decreases from 1.1744 to 1.1680 nm, which i§rom AFM within experimental error. From the above re-
almost the value of that for YBCO bulk material. The in- Sults, we can conclude that YBCO film, deposited on a
plane average parametemill increase with the increase of LCMO template layer, is partially strained due to the lattice
the thickness of YBCO. This means that the lattice of YBComismatch and the surface is flat in spite of the existence of a
layer is partially strained(expandeyl due to the lattice transient layer.
mismatch and finally total relaxation of strain occurs for ~ Figure 4 presents the temperature dependence of sample
sample A. resistivity without magnetic field applied. Samples A and B
To investigate the microstructures at the surface and in@ré superconducting with the critical temperatiigg (mid- -
terface of film, GIXR and AFM were applied. Figure 2 Point, T¢) at 83 K. The critical current density at 77 K is

shows the measured and simulated GIXR curves for sampl@stimated to be larger than x30> Alcm?. The supercon-
ductivity is obviously depressed while comparing with those
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FIG. 2. The measured and simulated grazing x-ray reflectivity profiles forFIG. 4. The temperature dependence of resistance for samples without mag-
samples C and E. netic field applied.
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TABLE II. The simulation results of the grazing incident x-ray reflectivity profiles.

Surface and interface

Simulation Simulation Simulation Mass density roughness of layers
results layers thickness(=2 A) (glcn?) (x0.5 A)
Surf. 19 3.43 Osu=4.5
YBCO 134 6.27 ovgco=5.0
Transient 33 6.19 OTrans= 4.3
Sample C Layer2
LCMO 308 6.51 Olemo=4.2
Transient 22 6.21 Oransi= 2.1
Layerl
STO - 5.12 oLemoisTo= 4.6
Surf. 12 3.98 Osut= 1.4
YBCO 48 6.23 Ovgco=16.8
Transient 22 6.09 OTrans= 5.5
Sample E Layer2
LCMO 327 6.44 oLemo=5.2
Transient 16 5.98 Oransi= 1.7
Layerl
STO - 5.12 oLemorisTo= 4.8

YBCO films using other nonmagnetic buffers such ascrostructures and transport properties were investigated. The
Nd,Cu0Q,.*® For samples D and E, there only appears a refesults show that superconductivity and ferromagnetism per-
sistivity maximum withT,, at about 210 and 250 K, respec- haps coexist in the bilayer with the YBCO thickness of 12.5
tively. It is well known that in theR—T curve of perovskite nm; while in the sample with YBCO thickness less than 8
manganiteT), corresponds to the metal—insulator transitionnm, only ferromagnetism was observed, with metal—
and it is a little lower than the ferromagnetic—paramagnetidnsulator transition temperaturg,, strongly influenced by
transition temperaturéc,i- As for sample C, the supercon- the strain state of bilayers.

ductivity is still observed, bufl,, has dropped to 78 K.

Sample C also shows resistance maximum wWithat about

170 K at the same time. This means that superconductivitACKNOWLEDGMENTS
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