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Spin tunneling in Co/Au/lI/BiSrCaCuO tunnel junctions

Takayuki Ishibashi,? Kazushige Sato, Koutarou Yonemitsu, and Katsuaki Sato
Faculty of Technology. Tokvo University of Agriculture and Technology. 2-24-16 Nakacho, Koganei,

Tokyo 184-8588. Japan

Conductance spectra of Co/Au/1/Bi,Sr,CaCu,0, 4 ¢( BSCCO) tunnel junctions have been measured
to investigate the tunneling of spin polarized quasiparticles. BSCCO thin films prepared by
molecular beam epitaxy are used for the Co/Au/I/BSCCO. tunnel junctions because those have flat
surface without any large steps as observed on the cleaved surface of single crystals. The
superconducting gap 1s clearly observed in the conductance spectra at the temperature below the
critical temperature 7. . In addition, a splitting of the zero bias conductance peak and the imbalance
of the peak heights are observed. This feature is induced by the spin polarization of quasiparticles
injected into the superconductors. © 2001 American Institute of Physics.

[DOI: 10.1063/1.1357868]

I. INTRODUCTION

In order to fabricate new functional devices using
ferromagnet/insulator/superconductor (FM/I/S) tunnel junc-
tions, it is important to understand transport properties mn
these junctions. A number of researchers have studied a
normal-metal/insulator/superconductor (S/I/N) tunnel junc-
tion up to date, because the S/N junction is a goc. | probe to
understand supercomputing gap, transport properties be-
tween the normal metals and the superconductors etc. The
transport properties in S/I/N junctions have been analyzed
theoretically by  Blonder-Tinkham-Klapwijk  (BTK)
theory.! Recently, the theoretical approach based on the BTK
theory has been developed for the d-wave superconductors
and the FM/I/S tunnel junctions.’

Although there are a few experimental reports about the
FM/I/S tunnel junctions with high T, superconductors,*™
most of which focused on the suppression of superconduc-
tivity and ignored transport properties of the FM/I/S tunnel
junction itself. We must study the transport properties such
as the spin polarization of quasiparticles, diffusion length,
and mean free path in order to realize new functional de-
vices. In the case of low 7, superconductors, on the other
hand, the FM/I/S tunnel junctions are good probes for under-
standing the ferromagnets. Tedrow and Meservey deter-
mined the spin polarization of the ferromagnetic metals from
the conductance spectra of the FM/I/S tunnel junctions in the
1970s.” We also consider it a useful way to analyze the con-
ductance spectra in order to investigate the transport proper-
ties of the FM/I/S tunnel junctions using high 7. supercon-
ductors.

In this article, we report on conductance spectra of the
Co/Au/I/Bi,Sr,CaCu,0¢. . (BSCCO) tunnel junctions pre-
pared on epitaxially grown BSCCO thin films. We have re-
ported Co/I/BSCCO tunnel junction prepared on BSCCO
single crystals previously.® In that case, the surface of the
single crystal has large steps. In order to prevent this prob-
lem, BSCCO thin films are used. The Co metal is chosen as
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a spin injector because it is a ferromagnetic material having a
spin polarization of 35%, and its physical properties are well
known.

Il. EXPERIMENTS

Figure 1 shows a schematic diagram of the
Co/Aw/I/BSCCO tunnel junction used m this experiment.
The junctions were prepared on epitaxially grown BSCCO
thin films.” The x-ray diffraction and the reflection high en-
ergy electron diffraction showed that the BSCCO thin films
having flat surfaces were grown with c-axis orientation. The
chemical composition of Bi:Sr:Ca:Cu is 2:2:1:2. The junc-
tion area of 1 X 1 mm? was patterned by the metal mask. A
Co metal of 50-300 nm thickness was deposited by an elec-
tron beam evaporator. Au metal was deposited on the
BSCCO with a thickness of 10 nm to prevent the interface
from chemicals and to decrease contact resistance.’ The Au
layer of 200 nm thickness was also deposited as electrodes.
As a reference, Auw/I/BSCCO tunnel junctions were also pre-
pared.

Transport properties were measured by the conventional
four probe method in a refrigerator-type cryostat between 25
and 150 K. Spectra of dI/dV were measured by the modula-
tion method.

lll. RESULTS AND DISCUSSION

Figure 2 shows dI/d V-V curve of the Co/AwWI/BSCCO
tunnel junction measured at 25-150 K. A superconducting
gap structure, A =~ 80 meV, is observed clearly below 120
K. This temperature corresponds to an onset critical tempera-
ture (T onser))- This higher T opsery 18 due to a mixture of the

Au

FIG. 1. A schematic drawing of the Co/AwI/BSCCO tunnel junction.

© 2001 American Institute of Physics
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FIG. 2. Conductance spectra of the Co/Au/I/BSCCO tunnel junction mea-
sured at 25-150 K.

2212 and the 2223 phases. The Tz~ of this sample is 60
K. In addition, zero bias conductance peak (ZBCP) 1s ob-
served around the zero voltage. The origin of the ZBCP is
considered to be the Andreev reflection, which occurred at
the interface between the superconductor and the normal
metal. In the usual case, the ZBCP is observed at absolutely
zero voltage. However, 1n this case, the ZBCP shifted from
the zero voltage to —10 mV, and another smaller peak ap-
peared at an opposite side. For comparison with the N/I/S
junction without ferromagnetic materials, the Au/I/BSCCO
tunnel junction was also measured as shown n Fig. 3. In the
case of the Au/I/BSCCO junction the superconducting gap,
A =25 meV, is also observed, although the ZBCP appears
at the zero voltage.

The experimental observations of the splitting of ZBCP
for N/I/S tunnel junctions with high T, superconductors have
been reported, and the theoretical calculations have also been
reported. Various types of the ZBCP splitting are considered:
the pairing symmetry of d +is wave, the Zeeman effect. or
the exchange interaction. In our result, the imbalance of the
peak heights has been observed in addition to the ZBCP
splitting. We are convinced that this feature is related to a
ferromagnetism of the electrode: m other words, the spmn
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FIG. 3. A conductance spectrum of the Au//BSCCO tunnel junction mea-
sured at 15 K.

polarization of quasiparticles flowing through the tunnel bar-
rier. From this result, the first expectation due to pairing
symmetry, the d +is wave, is excluded as a candidate of the
origin of these results, because the ZBCP splitting cannot be
observed in the Auw/I/BSCCO tunnel junctions.

We consider that the Zeeman effect may be the origin of
the ZBCP splitting 1n the FM/I/S junctions. The ZBCP may
split if the quasiparticles are affected by the eftective internal
magnetic fleld of the Co metal with an hexagonal crystal
structure. The value of the internal magnetic field is 227
kOe, which is enough to split the ZBCP. The imbalance of
the split ZBCP should occur due to the spin polarization of
the quasiparticles.

Recently, Kashiwaya et al. calculated the conductance
spectra of the FM/I/S tunnel junctions in the case which the
exchange interaction exists in the insulator, and they have
shown a splitting of the ZBCP and the imbalance of the peak
heights.” It seems that our result is in good agreement with
their results. Therefore, we consider that the spin polarized
quasiparticles, which flow through the tunnel junctions, in-
duce spin umbalance in the superconductors, although in our
case, we do not understand what the magnetic layer working
for the exchange interaction is.

In order to conclude the origin of the ZBCP splitting,
further studies are needed, such as magnetic field depen-
dence. a polarization dependence, carrier concentration de-
pendence, etc.

Finally, we show a periodic oscillation observed in the
conductance spectrum of the AwI/BSCCO tunnel junction
above the energy gap in Fig. 3. This oscillation is considered
to be the MacMillan-Rowel oscillation'® or the Tomasch
oscillation.' In both cases, periodic dips appear on the con-
ductance spectra above the energy gap. The voltage spacing
between the dips in the MacMillan-Rowel oscillation are
given by
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where vgy is the renormalized Fermi velocity in the normal
metal and dy is the thickness of the normal metal. Positions
of the dips are shown in Fig. 3, where vy of 1X10° cr/s
and dy of 100 nm are used. They are in good agreement with
the experimental data. The value of vy is suitable for that of
Au. However, we cannot conclude whether this structure is
due to the MacMillan—-Rowel] oscillation or the Tomasch os-
cillation. In order to confirm this, we must measure a thick-
ness dependence of the Au and the BSCCO films. In any
case, however, this result indicates that the interface of the
junction is sufficiently flat to raise the interference effect of
electrons in the Au layer or quasiparticles in the BSCCO.
Therefore, we can consider that the Co/Au/I/BSCCO also
has a good interface, because the configuration of the tunnel
junction is the same as that of the Au/I/BSCCO tunnel junc-
tion.

IV. CONCLUSIONS

The splitting of the ZBCP and the imbalance of the
peak heights are observed, in addition to the clear supercon-

Ishibashi ef al.

ducting energy gap, in the conductance spectra of the Co/Au/
I/BSCCO tunnel junctions. It is considered that this splitting
of the ZBCP is due to the spin polarization of the quasipar-
ticles flowing through the tunnel junctions. In the case of the
AWI/BSCCO tunnel junctions, the ZBCP splitting was not
observed, and the periodic structure, which is due to the in-
terference of carriers, appeared above the energy gap. This
result indicates that the interface of the junctions used in this
experiment was sufficiently flat.
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