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Abstract

Using an advanced molecular beam epitaxy systeratéonic-layer engineering of complex oxides we hiaeicated a vari-
ety of superlattices with stacked layers 0f.J&,CuQ, doped to different levels. In superlattices fornlgdstacking highly
overdoped, metallic LaSr, sCuQ, and insulating L&CuQ, layers we have observed superconductivity at teatpe as high
as 30 K, even though neither of the building blostes superconducting. Different possible mechanishtkis superconduc-

tivity are discussed.
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1. Introduction

High-temperature superconductors (HTS) are in-
trinsically multi-layered materials where metallic
CuG; layers are stacked with other metal-oxide lay-
ers, so called “charge-reservoir blocks”, that pplev
mobile holes to Cu@layers. It is tempting, although
challenging experimentally, to try creating new HTS
compounds by growing artificially multi-layered
structures with different stacking layers. The tech
nigue we use is atomic layer-by-layer molecular
beam epitaxy (ALL-MBE) [1]. It provides for precise

stoichiometry and thickness control and enables ma-
terial engineering at various levels — down torals
atomic layer.

In this study we report on epitaxial growth of
atomically smooth La,Sr,CuQ, (LSCO) films over a
broad range of doping levels (x = 0 to 0.50), al we
as a variety of artificial superlattices. The laber
clude some that were built by alternating layers of
highly overdoped, metallic but not superconducting
La; sSrhsCuQ, and undoped, insulating i@uO,
(LCO). In what follows, we refer to these as
[NXLSCO : mxLCOj superlattices, whera and m
are the numbers of unit cells of LSCO and LCO lay-
ers, respectively, in one superlattice period, knsl
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the number of superlattice periods. We have observe measured using the standard four-point contact

superconductivity with the critical temperatufg~ method. The typical temperature dependence of-resis
30 K even in the finest, [IXLSCO : 1xLCQuper- tivity for (a) a highly overdoped LSCO films and) (b
lattices. insulating undoped LCO film, are shown in Fig. 2;

neither shows any sign of superconductivity down to
2. Experimental 4 K. However, as it is seen in Fig 2(c), the [1xIGBC

Our ALL-MBE system has been described else- 1XLCOJ, superlattice is superconducting wikh= 30

where [2]. We have studied hundreds of single-phase ™
LSCO films doped to different levels. Reproducibil-

ity of the film quality and transport propertiesas-
cellent. Atomically smooth films without secondary
phase precipitates are grown with yield close to
100%. The r.m.s. surface roughness as low as 2-3 A
is observed by atomic-force microscopy [3].
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Fig. 1. RHEED Intensity oscillations during growth
of 6 periods of [1XLSCO : 1xLCQJFuperlattice.
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Fig. 1. RHEED Intensity oscillations during growth
of 6 periods of [1XLSCO : 1xLCQJFuperlattice.
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Fig. 2. Resistivity versus temperature for (a) ever
doped LSCO film (x=0.5), (b) undoped LCO films,
and (c) [1XLSCO : 1xLCQ} superlattice.
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