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Abstract

We have fabricated several AL/AlO, /Se tunnel junctions and measured the differ-
ential conductance G = dI/dV at low temperatures-to study the coupling between
the tunneling electrons and the magnetic impurities which localized in the insulating
barrier. Below the superconducting transition temperature T¢ of the Al film, a deep
superconducting gap was observed which demonstrates that any leakage through
the insulating barrier can be neglected and the conduction mechanism through the
barrier is dominated by electron tunneling.

For temperature in the range To < T < 32 K, a zero-bias conductance peak
was observed. To extract the contribution of the s — d exchange interaction to the
conductance, a background due to the barrier was subtracted. After subtracting the
background, the remainder conductance was found to contains a dominating even

term, Gepen data(V, 1), and a minor odd term, Goig data(V, T).
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Since the G(V, T) spectra in all these junctions had the similar behavior, we fitted
the spectra of one of them, namely ”20061002”, in terms of Appelbaum’s s — d ex-
change theory [1, 2, 3]. At zero bias, the even conductance Geypen data(0, T') increased
as T decreased for T' < 32 K. Gependata(0, 1) obeys an a — b logT" dependence for
14 K <T < 32 K and crossed over to a ¢ —d T? dependence for T' < 3.6 K. In the
"a — b logT” dependence regime, the Geyendata(V,T') spectra could be well fitted by
the Appelbaum’s theory in the weak coupling limit [1, 2], while in the "¢ — d T?”
dependence regime, the data could be well described by Appelbaum’s theory in the

strong coupling limit [3]. In the latter case, the Kondo temperature Tf(‘p pelbaum

was
determined to be =~ 34.8 K from the fitting parameters. On the other hand, the
Gevendata(0,T) could be quite well fitted by the numerical renormalization group
(NRG) calculations for the whole temperaturé.regime, and a TR?¢ ~ 38 K could

Appelb
TP We have also

be deduced which was in good agreement with the value of
fitted the Gevendata(0, 1) data of othet two junctions (20060321 and 20061030) in
terms of the NRG calculations and obtained the TR RC to be ~ 20 K and 27 K respec-
tively. All the Gepen, data(0, 1) data in‘these'three junctions (20061002, 20060321, and
20061030) obey a scaling behavior which was predicted by the NRG calculations.
The odd conductance Goga,data(V,T) was attributed to the interference between the
s — d exchange tunneling and the impurity-assisted tunneling. But the theoretical

calculation could only qualitatively describe the data. Further theoretical studies

are required.

In addition, we have studied the effect of an externally applied magnetic field.
For the sample 720061002” at 2.5 K, under the magnetic field 4 T, the zero-bias

conductance decreased by =~ 3.4%, but no Zeeman splitting was observed. The
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absence of a Zeeman splitting was due to the high Ty in this sample. A critical field
of H, ~ 14 T, which was predicted using TR ?¢ ~ 38 K, would be required to cause
a Zeeman splitting.

In a summary, we have studied the interaction between the tunneling electrons
and the magnetic moments which localized in the barrier through the dI/dV spec-
tra measurement. We observed a crossover from a weak coupling regime to a strong
coupling regime, and the corresponding dI/dV spectra could be fitted in terms of
Appelbaum’s s — d exchange interaction theory in both these regimes. The Kondo
temperature THPP*™™ determined from the fitting was ~ 34.8 K. On the other
hand, the zero-bias conductance could be well described by a scaling form predicted
by the NRG calculations and a TY®Y was deduced to be ~ 38 K, which was in
good agreement with the value of Tj?p pelbaum A'giall asymmetric conductance was
observed and was attributed to the interference between the s — d exchange interac-
tion tunneling and the impurity=assisted tunneling, 'but the theoretical calculations
could only describe the data. At'2.5 K a 4 T external magnetic field was applied
but no Zeeman splitting was observed, whichwas due to the high T in this sample.
A critical field 14 T, which was predicted using T #¢ ~ 38 K, would be required to

cause a Zeeman splitting.








