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Evidence for a distribution of discrete energy gaps in polycrystalline high-T, superconductors
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We present measurements of the differential conductance dI/d V versus V of normal-metal —high-T,
ceramic point contacts. We have found that the measured curves can be interpreted by considering two

effects: an asymmetric tunneling barrier and a set of distinct superconducting energy gaps. We show

that the BCS density of states, modified by introducing a Gaussian discrete distribution of gap values,

yields a very good fit of the experimental curves.

Tunneling measurements have been one of the most
widely performed tests on high-T, superconducting
ceramics. However, in these materials, the results have
been more difficult to interpret than in conventional low-

T„. superconductors. In fact, a large number of effects
have been introduced to explain the data, such as charg-
ing effects' and modifications in the standard BCS den-
sity of states ' in order to account for an equally large
number of nonideal features observed in the dI/d V
versus V curves of normal-metal —high-T, superconduct-
ing ceramics (X-HTSC) point contacts.

In this paper we present measurements of the
differential conductance dI/dV of X-HTSC point con-
tacts and we show that the curves can be fitted quite well

by assuming an asymmetric tunneling barrier and a BCS
density of states with a discrete distribution of values of
superconducting energy gap. The measurements were
performed on ceramic samples of YBa2Cu307 and we

used either copper or tungsten as normal contacts.
The YBazCu307 pellets were prepared by the well-

known mixing-grinding-pressing-annealing method. The
Cu points were fabricated by sandpapering a copper wire.
The W points were prepared by chemical etch of tungsten
wires in a solution of NaOH. The contact was achieved

by pressing, by means of a screw, the metal point on the

pellet. In this manner, contacts with resistances at room
temperature ranging from 10 to 1000 0 were obtained.

Two wires, one for the current and one for the voltage,
were attached to each of the metal point and the pellet.
The I-V curves were taken at fixed temperatures above
and below T„controlled by a temperature controller.
The current, provided by a programmable current
source, was swept at discrete steps (between 500 and 1000
steps) while the voltage values were measured 100 times
and averaged for each current value. The differential
conductance was then calculated numerically.

Figure 1 represents the differential conductance dI/d V
for three of our contacts, called samples 1, 2, and 3, re-
spectively. We can distinguish several common features
present in all our contacts. First, we observe a back-
ground conductance, with the same shape at all tempera-
tures. We have fit this conductance to a polynomial ex-

pression and we have found that the voltage dependence
of dI/dV is very close to a parabola. This is true for
curves taken both above and below T, down to the lowest
temperature. This can be seen in Fig. 2 where we plot
dI /d V for a Cu —Y-Ba-Cu-0 contact (sample 1) at
T=110 K. The parabolic shape of dI/dV versus V
curves is one of the basic properties of good tunnel junc-
tions (the other being a negative dR /dT above T, which
was also observed in the samples reported in this paper).

Another feature present in all the curves is that the
background conductance is not symmetric with respect
to the voltage, in fact, the minimum of the parabola is al-

ways shifted towards the side where the pellet is positive
with respect to the metal point. For the curves presented
in this paper, dI/d V has its minimum for approximately
V= —10 mV for the copper points and for V = —1 mV
for the tungsten points. This asymmetry is independent
of the temperature and therefore it is intrinsic to the bar-
rier and not to the state either normal or superconduct-
ing of the electrodes. This asymmetry has been previous-

ly observed in X-HTSC point contacts' ' and it has been
ascribed to rectifying effects' at the interface between
the semiconducting phase and the superconducting phase
of the Y-Ba-Cu-0 compound not only close to the normal
point but throughout the sample.

A parabolic conductance can be derived from a WKB
approximation. In fact, for tunneling between normal
metals, this approximation yields I-V curves that are
linear with small cubic corrections at low voltages,
becoming exponential at high voltages. The offset to the
parabolic dependence of dI/dV is the result of an asym-
metric barrier and can be obtained by numerical calcula-
tions. The origin of this asymmetric parabolic back-
ground conductance is, therefore, independent of the su-

perconducting state and it contributes to the total con-
ductance in the same manner above and below T, . Con-

sequently, this background conductance should be sub-
tracted from the measured curves in order to enhance the
features that are intrinsic to the superconducting proper-
ties of the ceramic. The remaining curves (clean curves),
which are now symmetric, preserve all the features in-

herent to the superconducting properties of the samples.
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FIG. 2. Parabolic conductance measured in sample 1 above
T„T=110K.
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(b) These curves exhibit a large number of peaks in contrast
to the smooth conductance curves of N-HTSC point con-
tacts found in the literature, where the superconductor is
either a single crystal' '" or a thin film. ' '

We have fitted our curves to a BCS density of states,
modified by introducing a discrete Gaussian distribution
of energy gaps, namely,
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FIG. 1. Differential conductance of three contacts: (a) Sam-

ple 1, Cu point, at T=6 K; (b) sample 2, W point, at T=4 K; (c)
sample 3, Cu point, at T=6 K. The solid lines represent the ex-

perimental data, the dashed lines are the corresponding polyno-
mial fits. Note that the units in the vertical axis of (a) and (c)
are 10' times larger than the units of (b).
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where E is measured relative to the Fermi level, and 50 is
chosen between 3.5k&T, and Sk+T„which is the most
widely reported range for the energy gap of this com-
pound. In order to write (1) we are assuming that the
electrons are tunneling into many regions with different

gap values, due to either local variations of the tempera-
ture or to the fact that the metal point is touching many
grains, each one formed by many monocrystals with vari-
ous orientations relative to the metal point. This effect
was suggested by Pan et al. By taking three different

gap values they obtained only a fair fit to their experi-
mental curves.

Both the modified experimental curves [curves shown
in Figs. 1(a) and 1(b) after the parabolic background has
been subtracted] and the curves calculated using (1) are
shown in Fig. 3. The insets represent the corresponding
discrete distribution of energy-gap values used in each
one of the fits. The number of terms in (1) that yielded
the best fits was around 200. The values of 60 are 28
meV for sample 1 and 32 meV for sample 2 and the
values of o. are 10.2 meV for sample 1 and 11.3 meV for
sample 2.

A Gaussian distribution of energy gaps has been previ-
ously used by Kirtley et al. By using a continuous dis-
tribution they obtained smooth curves, in contrast to our
results in which even the peaks observed in the experi-
ments are reproduced theoretically.

The main difference between the measured curves and
the fit is the peak at zero bias observed in the low resis-
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