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Abstract

Review of superconducting (T, H,(T), J.), electron transport R(T), surface (XPS, UPS) and structural (XRD, RBS)
properties of thin films of a novel superconductor BaNbOj; _ , on different substrates is presented. Superconducting films
have been obtained when grown on the Al,O5 with T, = 14 K, J, ~ 1 x 10* A cm ™2 and large H.,(0) = 28 T. At the
same time, films on NdGaO; exhibit behavior typical to granular superconductors. © 2000 Elsevier Science B.V. All

rights reserved.
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Recently we have shown that BaNbO;_, ceramic
compounds, with perovskite cubic structure and large
oxygen nonstoichiometry (0.6 < x < 1), exhibit super-
conductivity with a T, as high as 22 K, although
stoichiometric BaNbOj; is metallic but not supercon-
ducting [1,2]. It is known that removing of oxygen leads
to appearance of superconductivity of dielectric SrTiO3
[3]. Appearance of photoemission intensity in the band
gap due to oxygen reduction was observed in a number
of other parent niobates and titanates [4]. Thus, one
of the interests currently is in electronic structure
and superconducting properties in this class of reduced
niobates.

The films were grown on heated (1 00) SrTiO5, Al, O3,
YSZ, MgO, NdGaOj; substrates by ablating a single
target with a pulsed Nd-YAG laser, in a UHV chamber.
The preparation of ceramic superconducting targets
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starts with quick burning solid-state reaction described
in Refs. [1,2], with additional regrinding, pressing and
postannealing in argon.

XRD investigations shows that using of SrTiO; or
NdGaO; substrates resulted in epitaxial films, while the
same films on Al,O;, YSZ, MgO were highly textured.
Assuming cubic perovskite structure, the lattice
parameter of the films was determined in the range
0.412-0.414 nm, in comparison with 0.432-0.435 nm for
ceramics [ 1,2]. No nitrogen and no other elements except
for the original components were detected from the XPS
spectra. The Nb3d spin—orbit doublet XPS peak for films
on SrTiO; and NdGaO; were resolved by two peaks to
Nb** and Nb**, while only single peaks were observed
for superconducting films on Al, O3, indicating that Nb
is present in different configurations. Careful analysis of
the XPS and RBS indicates that the films on different
substrates have the same composition BaNbO; _,.

The angle-integrated valence-band UP spectra of films
extend from about 3.5 to 9 eV. The Fermi level is pinned
at the bottom of the conduction band and Fermi edge
was clearly observed for films on SrTiO; and Al,O;
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Fig. 1. Temperature dependence of H.,(T) for films on Al,O;.
Inset shows the perpendicular fields resistive transition curves
for the same film at different T.

consistent with their metallic character, while was rather
weak for films on NdGaO; and YSZ which exhibit
semiconducting-like electron transport behavior. This is
observed in spite of the fact, that films on SrTiO; and
NdGaOj; have the same XRD structure and composi-
tion. Possibly, the electron structure of these films is
affected by small variations in the oxygen composition.

While the films on Al, O3 substrate had superconduct-
ing transition at T, = 14 K, similar films on NdGaOj;
demonstrated insulating behavior, i.e. a sharp increase of
the resistance below the same temperature. This increase
of the resistance could be suppressed by rising the
measuring current or by magnetic field. Both, the current
dependence and the negative magnetoresistance for films
on NdGaOj;, can be explained in terms of granular
superconductivity. The critical current density at 42 K
for superconducting films on Al,O; was rather low
(1-2 x 10* A/cm?), because the substrates were polycrys-
talline. The sheet resistance of the same films on SrTiO;
is ten times less then on Al,O; and showed classi-
cal metallic behavior with high resistivity ratio
(e(300 K)/e(4.2 K) < 1000) and extremely low residual

resistance (4 nQ cm), due to formation of Nb-rich inter-
face layer.

As we can see from Fig. 1, the resistive upper critical
magnetic field H.,(T) are found to be extremely high for
films on Al,Os5. This field was derived from fluctuation
conductivity (T (H)) at temperatures above and from
linear extrapolation of R (H) curves below 10 K.
Contrary to conventional theory [5,6], we find that
below 10K the H.,(T) dependence is linear with
H.,(0) =28 T (£(0) =34 A) and with no evidence of
saturation down to 1.5 K. This linear H.,(T) dependence
is characteristic for 2D superconductors [7], although
the temperature dependence of fluctuation conductivity
has a clear 3D form.

Acknowledgements

This work was supported by the US Civilian Research
and Development Foundation (Grant RE1-356), NSF
Grant No. DMR-9876266 and Russian Council on
High-Temperature Superconductivity, NSF Cooperative
Agreement No. DMR-9527035 and by the State of
Florida.

References

[1] V.A. Gasparov et al., JETP Lett. 60 (1994) 440.

[2] G.K. Staukova et al., Physica C 291 (1997) 207.

[3] C.S. Koonse et al., Phys. Rev. B 163 (1961) 380.

[4] D.-H. Lu et al., Physica C 282-287 (1997) 995.

[5] E. Helfand, N.R. Werthamer, Phys. Rev. Lett. 13 (1964) 686.

[6] E. Helfand, N.R. Werthamer, Phys. Rev. 147 (1966) 288.

[7] D.E. Prober, R.E. Schwall, M.R. Beasley, Phys. Rev. B 21
(1980) 2717.



