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Abstract

Reproducibility of phonon structures in the tunneling conductance was investigated by using a slightly overdoped
Bi2Sr2CaCu2O8/Au junction. The structures are present but much weaker than those for a previous GaAs junction,
and the smearing of them is discussed.
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1. Introduction

There are many experiments which indicate a
phonon contribution to high-Tc superconductivity [1-
9]. Especially the spectral function α2F deduced from
tunneling conductance is large enough for explaining
Tc [4]. Even a large relative gap 2∆/kBTc and a Tc-
dependent isotope effect for underdoped materials will
be explainable within the phonon mechanism [10, 11].
However, the reproducibility of tunneling experiments
is not certain enough for establishing the phonon
mechanism. The poor reproducibility will be due to
an inhomogeneity in electronic configuration [12, 13]
which broadens a tunneling spectrum. Therefore, a
collection of tunneling conductance for optimal and
slightly overdoped materials, for which the inhomo-
geneity will be weak, as many as possible is desirable
to confirm the reproducibility of tunneling phonon
structures.

2. Experimental and results

The details of the experiment were published else-
where [14]. Single crystals of Bi2Sr2CaCu2O8 (Bi2212)
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were grown by using a single-reflector furnace in an
atmosphere of Ar:O2=4:1. A macroscopic Tc and the
transition width were typically 89 K and 3 K, respec-
tively, by the resistance measurement. The crystals are
slightly overdoped ones. The junction is a mechanical
contact of Bi2212 with a Au needle which was driven by
rotating a double micrometer head. The contact area is
about 0.1×0.1 mm2. The positive voltage corresponds
to an empty k-space of Bi2212. Measuring temperature
was 4.2 K.

Figure 1 shows some dI/dV -V lines. #0 is for a pre-
vious GaAs junction [2]. ##1-3 were derived by merely
contacting on and off the Au needle at macroscopically
the same point of Bi2212. ##4 and 5 were observed in
other experimental sequences. The current direction is
indicated beside each line (within 3 degree from each
direction). Horizontal dots at the edge peak show a dis-
tribution of the peak position. The direction is a macro-
scopic current direction, and an atomic-scale structure
at the contact is unknown. Anyway, as seen from the
figure the inhomogeneity is larger than the anisotropy
in ∆. There is no large zero-bias conductance peak at
a Cu-Cu direction. The line is not of a V-shape along
the c-axis. All these features indicate that an s-wave is
more probable than a d-wave for the present Bi2212.

The phonon structure should appear as a dip in
d2I/dV 2 − V line. Then Fig. 2 shows some of the
d2I/dV 2 −V lines. ##0-2 are those in Fig. 1. #3’ was
obtained in another experimental sequence. #4’ was
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Fig. 1. As-observed dI/dV -V . The origin of ordinate is for #0,

and the others were shifted upward by 0.5 mS each. Horizontal

dots at the edge peak and histograms show a distribution of

peak position.
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Fig. 2. The observed d2I/dV 2 of negative bias voltage is com-

pared with the PDOS. The origin of ordinate is for #4’, and

the others were shifted downward by 0.5 each.

obtained by smearing #0 by assuming a Gaussian dis-
tribution in ∆ with a standard deviation of 3 meV.
At the bottom the calculated phonon density of states
PDOS is shown [4]. For #1, some of the phonon dips
are faintly seen but for #2 whose edge peak is much
broader than that of #1 the dips are absent. For #3’
whose edge peak is narrower than that of #2, two dips
seem to exist at lower frequencies.

3. Discussions and conclusion

The phonon structures for the Au junctions are too
weak for confirming the reproducibility of #0 struc-
tures, and it will be due to the inhomogeneity. For in-
stance, the #4’ line in Fig. 2 demonstrates how easily
the structures are smeared out by the inhomogeneity.
For observing a tunneling phenomenon, the Au nee-
dle must contact on an insulating or semiconducting
surface of Bi2212 while the GaAs on a metallic sur-
face. This will be a reason why the Au results are much
weaker than the GaAs one. Thus the absence of clear
phonon structures for the natural barrier junction can-
not deny the phonon nature of the GaAs result.

In summary, we observed phonon structures for the
natural barrier Bi2212/Au junctions. However, they
are too weak for confirming the reproducibility of the
clear phonon structures for the GaAs junction. Smear-
ing of the structures was discussed.
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