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Distribution of superconducting energy gaps in GdBa2Cu307 obtained
from point-contact spectroscopy
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Point-contact spectra of GdBa2Cu30& (with Ag as counterelectrode) exhibit reproducible wide minima

in the differential resistance dV/dI vs voltage V, which are attributed to the superconducting energy

gap. The energy positions and widths of these gap features correspond to the gap distribution extracted
earlier from YBa2Cu307 point-contact spectra (with narrow gap minima). A comparison with the
Blonder-Tinkham-Klapwijk model suggests that the distribution of wide gaps in GdBa2Cu307 results
from orificelike point contacts. The form of the spectra does not change when cooling below the antifer-
romagnetic transition at T& =2.24 K.

I. INTRODUCTION

One of the approaches to better understand the high-
T, superconductors is to vary the stoichiometry in these
compounds and look for ensuing changes in the super-
conducting and normal-state properties. In YBa2Cu307
(YBCO hereafter) a replacement of copper and barium by
other atoms or a decrease of the oxygen concentration as
a rule yield a decrease of the transition temperature T, . '

On the other hand, T, does not change significantly when
yttrium is replaced by trivalent rare-earth ions (with the
exception of Pr) although they have a magnetic moment.
At present, after many such studies and also other inves-
tigations there is general agreement that the Cu02 layers
are mainly responsible for the superconductivity, while
the yttrium layers (for YBCO) play a secondary role (they
only help to yield the characteristic crystal structure and
isolate adjacent Cu02 layers), and the CuO chains act as
a charge-carrier reservoir.

In line with these assumptions a two-layer model was
proposed for YBCO (Ref. 3) based on the existence of
pairs of CuOz layers within the crystallographic unit cell.
As a result two bands with two different energy gaps ap-
pear in this model. For the more common model which
assumes equal interaction between any adjacent Cu02
layers a gap anisotropy was predicted. In the present
paper, we explore a possible gap anisotropy with an in-
vestigation of GdBa2Cu307 (GBCO hereafter). A brief
account of this work has already been given elsewhere.

II. ANALYSIS OF POINT-CONTACT SPECTRA

Previous point-contact measurements of YBCO poly-
crystals (measured against silver as a counterelectrode)
have shown a strong dependence of energy position,
shape, and even of the number of the gap features in the
point-contact spectra (i.e., differential resistance dV/dI
versus voltage V) on mutual electrode position (for exper-

imental details, see Ref. 6). Figure 1 shows an additional
set of point-contact spectra of YBCO. These spectra
resemble the earlier ones which were interpreted in terms
of gap anisotropy. It is well known that Andreev
reflection determines the I-V (or dV/dI V) charac-teris-
tics of ¹-Spoint contacts (c: constriction) as long as
there is only a weak barrier at the interface between nor-
mal metal and superconductor. Andreev reflection leads
to a minimum in the d V/dI versus V (voltage) curves.

If there is an "ideal" point contact which one can visu-
alize as a small-size orifice in a very thin insulating layer
separating the two electrodes, with thickness small com-
pared to the orifice diameter, Andreev reflection is possi-
ble for almost all electron trajectories. Thus even if there
is a gap anisotropy, we will obtain in this case point-
contact spectra which contain information of the energy-
gap distribution which arises from averaging the aniso-
tropic gaps over all possible angles of the electron trajec-
tories. However, in reality there is a large probability to
obtain a point contact which looks more like a channel
connecting the two electrodes, since a typical point-
contact diameter (D = 100—:1000A) and the thickness of
an insulating layer on the sample surface are approxi-
mately of the same size. In this case, for the ballistic re-
gime, the point-contact spectra will yield information
about gaps only for directions almost parallel to the
channel axis. D is so large that quantization of transverse
momentum in the constriction is expected to play a
minor role. Therefore, if there is a gap anisotropy one is
likely to obtain different point-contact spectra for
different point contacts.

In Fig. 1 we compare the experimental results of
YBCO with the theoretical prediction for a usual super-
conductor in the single-gap case7 s (dotted curves). For
curves 3 and 4 the shape of the gap minima (marked by
arrows) does not differ largely from the theoretical pre-
diction although the experimental minima are less pro-
nounced than the theoretical ones. On the other hand,
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which shows a sharp drop at T= T, "'" and also from the
temperature dependence of the voltage at which the mini-
ma occur. These voltages, corresponding to gap-related
structures 6/e, all go to zero at approximately the same
temperature T, "'" (see inset of Fig. 1). Hence we believe
that different gap energies (for a narrow gap structure)
correspond to different directions in k space. Hence, a
wide gap structure (curve 1 in particular) is a result of the
gap integration over a wide range of angles. By investi-
gating many point contacts on the same sample, we have
previously obtained the gap distribution for YBCO which
is reproduced in the inset of Fig. 2(a). This histogram
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FIG. 1. Different types of the YBa2Cu30, point-contact spec-
tra (differential resistance dV/dI vs applied voltage V) at
T=4.2 K. The arrows indicate the minima of the gap-related
structure. Dotted curves were calculated from BTK theory
(Ref. 7) for a single gap with adjusted barrier value to yield the
best agreement with the experimental spectra. Inset: tempera-
ture dependence of the narrow gap-related structure 6 for
YBa2Cu 307.
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curves 1 and 2 exhibit very broad minima which cannot
at all be described by theory. While most spectra are
symmetrical, some asymmetry is occasionally observed
(cf. curve 5 in Fig. 1). In the light of the above interpre-
tation, we suggest that the spectra with narrow minima
(curves 3 and 4) correspond to channel-like point con-
tacts and those with wide minima (curves 1 and 2) to
orificelike contacts. If there are two (or more) crystallites
in a point-contact region (or, possibly, several conducting
channels), one can obtain spectra with several gap mini-
ma (curves 4 and 5).

Our previous YBCO point-contact spectra have yield-
ed different gap energies associated with the minima in
d V/dI versus V. Besides the above-mentioned interpre-
tation in terms of anisotropy there are many other possi-
ble reasons for gap-value changes which might arise from
the presence of surface effects on superconductivity or lo-
cal changes in the point-contact region (for example, a lo-
cal variation in oxygen concentration or a large local
strain arising from the pressure exerted by the coun-
terelectrode). However, these latter possibilities all lead
to changes of the transition temperature. It is therefore
important to point out that in our experiments all ob-
served gap structures in the point-contact spectra arise in
a superconducting region with the transition temperature
of the bulk material, T,""'". This is inferred from the tem-
perature dependence of the point-contact resistance
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FIG. 2. (a) Point-contact spectra of GdBa2Cu30, at T=4.2
K. Point-contact resistances at V=O are 2.5 Ohm (curve 1), 3

(2), 2 (3), 6 (4), 55 (5). Inset: energy-gap distribution extracted
from YBa2Cu307 point-contact spectra (Ref. 6) (for explanation
see Ref. 6). (b) Calculated point-contact spectra for barrier
values z =0.2 (curve 1), 0.5 (2), 1 (3). Inset: energy gap distri-
bution function used for the calculation.
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was obtained by choosing the halfwidth of the minimum

as a single event.

III. RESULTS AND DISCUSSION
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FIG. 3. Point-contact spectra of GdBa2Cu307 at various tem-

peratures T=6 K (curve 1), 19 (2), 40 (3), 62 (4), 71 (5), 81 (6),
91 (7), 98 (8). Note: curves are shifted vertically for clarity. In-
set: temperature dependence of resistance (d V/dI)0 at V=O for
this point contact (solid circles) and of magnetic susceptibility g
for bulk material (solid line, after Ref. 9).

Figure 2(a) shows our GdBazCu307 point-contact spec-
tra taken at 4.2 K which were obtained in different places
(points) on the polycrystal surface. As previously, a Ag
counterelectrode was used. As a rule, only one wide
minimum at a position ranging between =+10 and
+35—:40meV was observed (besides an additional zero-
bias minimum). With rising temperature this minimum

goes toward smaller bias and disappears near T= T, "'".
This is shown in Fig. 3 for one particular point contact.
The inset of Fig. 3 shows the temperature dependence of
the point-contact resistance of this contact (measured at
V=O) and of the bulk susceptibility near T, "'" of the
same sample. The very good coincidence in the local and
bulk superconducting transitions indicates that we mea-
sure the bulk properties in this case, too. In particular,
an appreciable suppression of T, in the point-contact re-

gion by proximity-effect coupling' can be ruled out. The
observation of spectra exhibiting only wide rninirna sug-
gests that the GBCO point contacts are mostly
orificelike. The reliability of the point-contact spectra al-
lows a comparison of the experimental curves with the
Blonder-Tinkham-Klapwijk (BTK) theoretical prediction
for S-c-S contacts with different barrier values z. Such
a barrier in an interface region between normal metal and
superconductor (due to an insulating layer or impurities)
has a strong inhuence on the general shape of the point-
contact spectra but the voltage position of the gap

minimum in the dV/dI versus V curves does not change
uch (for kz T « b, ). Figure 2(b) shows the results of a

calculation for X-c-S contacts (according to BTK
theory ' ) obtained with the simple rectangular gap dis-
tribution between 7 and 35 meV as shown in the inset of
Fig. 2(b). Here we have summed over 29 BTK-like
curves for different gaps corresponding to the rectangular
gap distribution. For these calculations, different barrier
heights z were assumed with z increasing from top to bot-
tom.

The important point of the present investigation is that
the experimental d V/dI versus V curves of GBCO can be
modeled by the BTK theory if one assumes that there is a
simple rectangular gap distribution which resembles the
experimental distribution in the inset of Fig. 2(a). (As a
matter of fact, assumption of a distribution mimicking
the small indentation at the center of the experimentally
determined distribution gave nearly identical results. )

One may notice that for both series of curves there is a
gentle shift of the deepest gap minirnurn to larger bias
with rising z. In our opinion this comparison between ex-
perimental and calculated spectra clearly shows that
there is indeed a gap distribution in the 1:2:3 supercon-
ductors. The maximum and minimum gaps correspond
to 2b, /kz T, =9 and 1.S, respectively, with an average of
5.4. These numbers are in close agreement to our previ-
ous YBCO results. It has been suggested that some fine
structure within the superconducting energy gap arises
from contributions of different planes parallel to the ab
plane, i.e., within the layered structure of YBCO, which
might be observable by PCS or tunneling spectroscopy. "
How this modifies the gap anisotropy remains to be ex-
plored.

As mentioned above, the GBCO spectra almost always
resemble the case of a presumably "ideal" orificelike
point contact (curve 1 in Fig. 1) while for YBCO this was
only occasionally observed. It is, however, very difficult
to imagine that there were always orificelike point con-
tacts for GBCO since there were no essential differences
of the surface conditions with respect to YBCO. The
typical crystallite size was about several microrneters
(from electron-microscope measurements) and the
insulating-layer thickness on the sample surface was ap-
proximately the same ( = 100 A from Auger spectroscopy
depth profiling) for both compounds. This point deserves
further study.

Turning to the PCS temperature dependence (Fig. 3),
we note that the gap-related feature of GBCO shifts grad-
ually toward zero voltage with increasing T, similar to
what has been observed before for PCS of YBCO (see,
e.g., inset of Fig. 1 and Ref. 6), and for tunneling spectra
of Bi2SrzCaCu20„. ' In these (and other) cases, the ob-
served T dependence is in rough agreement with the BCS
prediction. However, quite often features have been ob-
served in tunneling or PCS which do not shift with T but
simply disappear for T~ T, . ' The origin of these latter
features and their relation to the BCS-like features is not
known. We note, however, that features showing BCS-
like T dependences are also regularly observed for YBCO
single crystals with varying oxygen stoichiometry. ' We
should mention that quite often point contacts do not al-
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FIG. 4. Point-contact spectra of GdBa2Cu307 at low temper-
atures T=1.7 K (curve 1), 3.2 (2), and 4.2 (3).

in the spectra were observed below and above Tz. Hence
it is unlikely that fluctuating Gd magnetic moments give
rise to the observed "gap-integrating" effect. However,
we cannot exclude fluctuating Gd ions even below T~ in

a point-contact region because it is difficult to make a
small ¹Sinterface without disturbance of the crystal
structure.

In summary, we have obtained convincing evidence of
a gap distribution in the 1:2:3 compounds from repro-
ducible point-contact spectra of GdBa2Cu307. These
spectra could be successfully modeled within the stan-
dard BTK model of ¹

-S point contacts. The spectra
for GBCO appear to arise mainly from orificelike point
contacts, in contrast to earlier YBCO spectra. The origin
of this "gap integration" (over directions) remains to be
established.
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