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The measured dV,/dI(V) curves of point contacts between the intermetallic compound CeRu, in the

superconducting state and the normal metal Cu correspond fairly well to the Blonder-Tinkham

-Klapwijk model. It is used to obtain temperature and magnetic field dependence of the superconducting
gap A. The A(T) dependence corresponds well to the BCS theory with 2A(0) / kBTCD: 3.1+ 0.1. Addition-
ally, a region of gapless superconductivity between TCD: 4.4-5.4 K and TIC’ulk = 6.2 K is found. The gap

decreases approximately linearly in a magnetic field and vanishes in a field BCD = 3.5 T, which is well

below the upper critical field B, = 6 T and close to the irreversibility field.

PACS: 74.80.Fp, 74.70.Tx, 73.40.Jn

1. Introduction

The recently renewed interest in the intermetal-
lic compound CeRu,, is attributable to its anoma-
lous magnetic and transport properties in the super-
conducting (SC) mixed state. As one of the possible
reasons for this the generalized Fulde-Ferrell-
Larkin-Ovchinnikov state [1] is discussed with a
spatially modulated SC order parameter (OP),
which could have planar nodes aligned perpendicu-
larly to the vortices. Until now, however, only a
few direct investigations of the OP have been re-
ported. From Shottky tunneling experiments [2]
the SC gap was estimated to be 2A(0) / kg7, =
11—12. Subsequent attempts by using metallic point
contacts (PC) [3] revealed a rather low value (less
than 2). Recent break-junction tunneling measure-
ments [4] yielded 2A(0) / kzT, = 4.2, quite differ-
ent from the former results, indicating specific dif-
ficulties of the aforementioned methods. In the
latter investigation a BCS-type temperature de-
pendence of the gap peculiarities was ascertained.
Unfortunately, no magnetic field behavior of SC
gap features was established in any of the studies,
although magnetic field is one of the sensitive
probes of superconductivity.

The aim of this paper is to study the temperature
and the magnetic-field dependences of the SC gap
in CeRu, using a metallic PC between the CeRu,
and the normal metal. We obtained dV /dI(V)
characteristics, which correspond well to the
Blonder-Tinkham-Klapwijk (BTK) model [5], tak-
ing into account the well-known mechanism of the
Andreev reflection (AR) at a normal metal-super-
conductor (N-S) interface. The gap value was de-
termined directly from a fit according to this BTK
model.

2. Experiment and results

We used CeRu, polycrystals with RRR = 14 and
T,=6.2 K. The PC’s were prepared by touching the
CeRu, crystal with the edge of a Cu electrode. The
freshly broken CeRu, surface gave the best dV /dI
curves with a pronounced minimum (or double
minimum). The sample was immersed in liquid
“He to ensure good thermal coupling. The differen-
tial resistance dV /dI was recorded vs. bias voltage
V using a standard lock-in amplifier technique,
modulating the direct current I with a small ac
component. The applied magnetic field B was ap-
proximately parallel to the contact axis.
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Fig. {. The temperature dependence of the reduced 4V, /dI
curves vs. bias V (points) for a CeRu,-Cu contact with
R, =1.4Q along with a fit using Eq. (1) with [ =0 (solid
lines) and ' /A = 0.25 (dashed line). The left scale corresponds
to the experimental curves and to the dashed line. The curves
are offset vertically for clarity. The temperatures from top
curve to bottom curve T, K: 6.2, 5.2, 4.2, 3.7, 3.2, 2.7, 2.2,
and 1.7 K. Inset: reduced gap A vs. temperature from the fit
with ' = 0. The solid line is BCS curve with 2A(0) / kBTCD: 3.

Figures 1 and 2 show the dV /dI curves vs. V of
the CeRu,-Cu contacts at various temperatures and
magnetic fields. The double-minimum structure of
about V=0 is clearly seen. This feature is a strong
indicator of the Andreev reflection in the presence
of weak quasiparticle reflection at the N-S inter-
face, as described by the phenomenological barrier
strength parameter Z [5]. The I-V characteristic in
this case is
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where f(E) is the Fermi distribution function and
A is the superconducting gap. In the modified BTK
theory the broadening of the quasiparticle density
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Fig. 2. The magnetic field dependence of the reduced 4V /dI
curves vs. bias V' (points) for CeRu,-Cu contact at 7 = 1.8 K
with R, =1.1Q along with the fit using Eq. (1) with T =0
(solid lines) and I' /A = 0.1 (dashed line). The left scale corres-
ponds to the experimental curves and to the dashed line. The
curves are offset vertically for clarity. The magnetic fields from
top curve to bottom curve B, T: 2.8, 2, 1.5, 1.13, 0.94, 0.56,
0.22, and 0. Inset: 2A vs. magnetic field using the fit with
I =0 (triangles) and I # 0 (circles).

of states N(E, ) in the superconductor for the
finite quasiparticle lifetime T is taken into account.
According to the Dynes et al. [6],
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where the broadening parameter is ' = 7%,/T.

In order to obtain the temperature and magnetic
field dependences of A we fitted the measured
dV /dI curves according to Eq. (1) for ' =0 and
I # 0. The parameter Z was kept fixed, independent
of the temperature and magnetic field. The plots of
A(T) and A(B) of different CeRu, contacts are
shown in the insets in Figs. 1-3. The original BTK
theory, i.e., with ' =0, usually fitted better the
behavior of dV /dI near the double-minimum (see
Figs. 1 and 2), especially compared to the fit with
large I' /A > 0.1 ratio, but it does not reproduce the
relative change of dV /dI between V=0 and large
biases. On the average, we obtained a reduced gap
of 28(0) / kzT?=3.1+0.1. Using the modified
BTK fit, we see that the 2A(0) / kBTCD ratio de-
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Fig. 3. a) Reduced A vs. temperature of different PC along with
the BCS curve, b) 2A vs. magnetic field of different PC. The
lines connect the symbols for clarity.

creases (by about 10-30%) with increasing /A
value (correspondingly from 0.25 to 0.75).

As can be seen from Fig. 1, the dV /dI curve at
T = 5.2 K still exhibits a broad and shallow SC
minimum, but it is not possible to fit it reasonably
to any A. Since for this contact BCS A(T) behavior
(see the inset in Fig. 1) extrapolates to To'=
= 5.25 K, we conclude that the small SC features
above TCD and below T?“lk = 6.2 K correspond to a
gapless state. For different contacts TCD is between
4.4 and 5.25 K probably because of the local super-
conducting properties in the contact region.

The magnetic field dependence A(B) is almost
linear (see the insets in Figs. 2 and 3,b), with a
critical field BCD about 3.4 T. This is quite different
to what is expected for a type-II supercon-
ductor [7].

3. Discussion and conclusions

The other possibility of yielding a maximum at
V = 0 and similar double-minimum structure on
dV/dIl is Kondo scattering superimposition with
SC minimum, which was recently discussed in de-
tail in Ref. 8. However, in a magnetic field this
maximum vanishes (see Fig. 2) without the split-
ting characteristic of the Kondo effect [9]. More-
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over, the fit according to BTK theory obeys the
measured characteristics, quite well thus making
the magnetic scattering unlikely to occur in the
observed structure.

According to our findings, CeRu, is a BCS-like
superconductor. The relatively small 2A(0) / kBTCD
value (corresponding to weak-coupling superconduc-
tivity) and the region of gapless superconductivity
close to T'g“lk are possibly related to the pair-breaking
effect caused, e.g., by the Ce local magnetic moments
which are distributed randomly in the contact region.
This pair-breaking effect may also contribute to the
small value of the reduced gap [10]. For the reason
mentioned above it seems reasonable to include Kondo
scattering in the BTK theory for a better under-
standing of the point contact characteristics and the
relationship between superconductivity and magnetism
in the point contacts.

The gradually decreasing gap in the magnetic
field makes the transition to the Fulde-Ferrell-
Larkin-Ovchinnikov state unlikely, which should
be of the first order. The linear decrease of A(B) and
the low magnetic field at which the supercon-
ducting gap vanishes remains an enigma. The close
coincidence of BY with the irreversibility field [11]
points to a change of the vortex dynamics as a
possible reason. To solve these puzzles it is neces-
sary to carry out further experiments on the tem-
perature and magnetic field dV /dI(V) dependences
of the same point contact much closer to TCD and BCD
using a more perfect CeRu, single crystal.
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