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Co/Bi2Sr2CaCuz 0 (BSCCO) and Au/BSCCO tunnel junctions have been fabricated in order to study effects
of the spin injection into the superconductors. The junction with 100 x 100 um? was fabricated on the cleaved
BSCCO single crystal. In both cases, gap structures were clearly observed in dI/dV spectra. The gap energy of
Co/BSCCO junction (28 mV) was smaller than that of Au/BSCCO junction. The zero-bias conductance peak
(ZBCP) was observed clearly for the Au/BSCCO junction. It is considered that these differences between Co and

Au junctions are due to the spin-polarization in the current flowing through the junctions.

1. Introduction

Recently, spin-polarized current flowing
through a tunnel barrier between high-Tc su-
perconductors and magnetic materials has be-
come an important issue for understanding non-
equilibrium state or symmetry in the high-T¢c
superconductivity. A substantial suppression of
superconductivity by injection of spin-polarized
current was reported [1-3]. For theoretical ap-
proach, the conductance spectra of F/I/S junc-
tions have been calculated, where d-wave su-
perconducting has been taken into considera-
tion [4,5].

In this study, effects induced by spin-polarized
current are investigated using Co/BSCCO tunnel
junctions. The Co metal is chosen as a spin injec-
tor, because it is a ferromagnetic material having
a spin polarization of 35 %, and its physical prop-
erties are well known. The BSCCO is a high-Tc
superconductor having a critical temperature of
80-90 K (for 2212 phase) and is one of the most
stable materials in the high- Tc superconductors.

2. Experimental

Figure 1 shows a schematic drawing of the
Co/BSCCO and Au/BSCCO tunnel junctions
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used in this experiment. The junction is pre-
pared on the cleaved surface, which is the a — &
plane, of a BSCCO single crystal grown by travel-
ing solvent floating zone (TSFZ) method [6]. The
chemical composition of Bi: Sr: Ca: Cu is deter-
mined as 2.1 : 1.9 : 1.0 : 2.0. The junction area
of 100 x 100 um? was patterned using the con-
ventional photolithography method. The junc-
tion area. was formed by using a lift-off technique
with 500 nm-thick CaF,. A Co or a Au metal of
50 nm in thickness was deposited on the lift-off
area by an RF magnetron-sputtering technique
at room temperature. In the case of Co/BSCCO
junction, Au with a thickness of 50 nm was de-
posited on the Co and the BSCCO as electrodes.
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Figure 1. A schematic drawing of Co/BSCCO
- tunnel junctions.
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3. Results and discussion

Figure 2 shows dI /dV spectra of a Co/BSCCO
junction measured at 30 K and Au/BSCCO junc-
tion at 33 and 35 K. The junction resistance of
these junctions is 0.6 and 0.3  for Co/BSCCO
and Au/BSCCO junctions, respectively. Clear V-
shaped gap structures with gap energies of 28 mV
is observed in the Co/BSCCO junction. How-
ever no peaks of DOS at just above the gap are
observed in our junctions. The energy gap of
the Co/BSCCO junction is about half of that
of the Au/BSCCO junction, although junctions
were made from the same single crystal. This
result suggests that the superconductivity of the
BSCCO is suppressed by the spin-polarized cur-
rent flowing through the junction. On the other
hand, the gap structure with zero-bias conduc-
tance peak (ZBCP) is clearly observed only in
the Au/BSCCO junction.
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Figure 2. V - dI/dV of the Co/BSCCO junction
measured at 30 K and Au/BSCCO junction at 35
and 55 K.

We consider that the suppression of the su-
perconducting gap and the ZBCP is due to the
spin polarized current flowing through the junc-
tion. The suppression of supercurrent has been
reported by other groups and our group as the
suppression of the critical current by the injection
of the spin-polarized current [1-3]. The suppres-
sion of the ZBCP is consistent qualitatively with
the result of a theoretical calculation about the
spin polarization dependence of the conductance
in ferromagnet/insulator/superconductor tunnel
junction by Kashiwaya et al. [4].

4. Summary

The effects induced by spin-polarized cur-
rent were investigated using Co/BSCCO and
Au/BSCCO tunnel junctions. The V-shaped gap
structures were observed for all Co/BSCCO junc-
tions. The size of the gap was about half of
that of Au/BSCCO junction. The ZBCP was
not observed for Co/BSCCO while it was clearly
observed for Au/BSCCO. These suppressions in
the gap and the ZBCP were caused by the spin-
polarized current flowing the tunnel junctions.
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