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ABSTRACT

Electron Tunneling Studies in Ta Overlayers on Nb

and in Ta and NbN Films

Elie Khalil Track
Yale University

1988

Tunneling measurements have been performed on tantalum surface layers on
niobium. The thickness of the tantalum layer ranges from 10 to 100 A. The critical
current, bound-state energy, phonon structure, and oxide barrier shape are
investigated. The results are compared with an extended version of the Gallagher
theory which accounts for both the finite mean free path in the Ta overlayers and
suppression of the I R product due to strong electron-phonon coupling effects.
Excellent fits to the data yield a value of the intrinsic scattering probability for
electrons at the Ta/Nb interface of r2=0.01. In addition, a new fabrication technique
- dual jon-beam sputtering - is used to deposit thin films of NbN. The properties of
these films and of tunnel junctions formed with NbN as base electrode and native-
oxide as well as artificial barriers are reported. A universal empirical correlation is
found between the average barrier height ¢ and the effective barrier width d for
measured junctions. This correlation, which holds both for our data and for
available data in the literature for oxide-barrier junctions, is discussed in the general
context of oxide growth and compared with results for artificial tunnel barriers.

Finally, high quality Ta/PbBi tunnel junction of area < 1 gm? and current density



103-105 A/cm? are produced using a window geometry. The electrical noise
properties of these junctions are investigated. Discrete voltage switching events
allow the identification of the effect of single localized states in the oxide barrier.
The voltage and temperature dependence of the switching rates are consistent with a
microscopic model based on the emission and capture of individual electrons at the

localized sites within the barrier.
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1. INTRODUCTION

The pioneering work of Fisher and Giaever (1961) first demonstrated electron
tunneling through an oxide barrier formed by exposing a clean metal strip to oxygen
or laboratory air. Their work has opened a new field of research in
superconductivity — tunneling spectroscopy. Electron tunneling is used as a probe to
measure various properties of superconductors and normal metals, such as the
superconducting energy gap and the electron-phonon interaction spectrum. Tunnel
junctions also permeate several areas of physics. They are used as model systems
for the study of macroscopic quantum tunneling, metal-insulator transitions, and
fluctuation phenomena [Likharev (1986)]. They have provided the most accurate
measurement of the ratio of the fundamental constants e/h [Parker et al. (1969)] and
are now used as voltage standards [Witt et al. (1983)]. Superconducting Quantum
Interference Devices (SQUIDs) made of two tunnel junctions in parallel constitute the
most sensitive magnetometers, and have recently been used to measure the variation
of the electrochemical potential difference in a gravitational field [Jain et al. (1987)].
An array of SQUIDs is used in the search for cosmic-ray magnetic monopoles

[Bermon (1987)].

A tunnel junction is illustrated schematically in Fig. 1-1. Two metal electrodes
are separated by a thin (~20 A) insulating barrier. When the electrodes are
connected to a current source, electrons tunnel across the barrier. This current
provides a probe of the properties of the tunnel barrier and of the density of
electronic states in the metal electrodes. The full potential of such a spectroscopy
rests upon the ability to reproducibly fabricate high quality tunnel junctions. The
experimental challenges include the synthesis of thin superconducting films with

1
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Fig. 1-1 (a) Schematic illustration of a tunnel junction; M, and M, are the metal
electrodes which can be superconductors. (b) Potential barrier moéel for the
insulator, where ¢ is the height and d the width of the barrier; Eg, and Ep, are
the Fermi levels of metals M, and M,, and V the bias voltage. (c¢) Schematic
current-voltage characteristic for a tunnel junction showing some of the structure
that reflects the density of states of the electrodes [sum-gap (A,+A,) when the
electrodes are superconducting, phonon structure] and the properties of the barrier
(change of slope of the I-V curve when the bias voltage exceeds the barrier height).







