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Abstract—In terms of the Blonder—Tinkham—Klapwjik theory, the differential conductivity of Ho(NiB),C/Ag
point contacts is explained by the coexistence of magnetic ordering and superconductivity in holmium boron

carbides. © 2002 MAIK “ Nauka/lnterperiodica” .

The measurement of the differential conductivity in
normal metal—superconductor junctions is a sensitive
method for studying superconductor properties [1-3].
It was applied to study the order parameter symmetry in
cuprate semiconductors [4, 5], aswell as the properties
of recently discovered semiconductor MgB, [6]. Inves-
tigation into the superconducting properties of exotic
boron carbide—(boron nitride—) based semiconductors
of the RTBC(N) class, where R is arare-earth element
and T = Ni, Pd or P, isalso of great importance for the
elucidation of a microscopic mechanism of supercon-
ductivity in these compounds [7]. Point contact spec-
troscopy of boron carbides is needed for the detailed
study of the order parameter symmetry and is also dic-
tated by the coexistence of superconductivity and mag-
netism in magnetic boron carbides. Andreev spectros-
copy of Y(La)(NiB),C nonmagnetic boron carbides
gives peak values at the gap value of the order parame-
ter [3]. Similar behavior was observed in
Dy(Er)(NiB),C magnetic boron carbides. The com-
pound with Dy exhibits superconductivity in the pres-
ence of antiferromagnetic ordering at a temperature
Ty = 10.5K and is the only boron carbide-based com-
pound with the Néel temperature exceeding the super-
conducting transition critical temperature, Ty > T, =
6 K. In the Er-containing compound (the critical tem-
perature T, = 10.8 K), antiferromagnetic ordering takes
place below Ty, = 5.9 K. Ho(NiB),C compounds have a
more complex magnetic structure. Here, antiferromag-
netic ordering arises below the Néel temperature Ty =
5K and is associated with a commensurate magnetic

structure modul ated a ong the z axis with awave vector
Qar = ¢* = 217/c. Other magnetic structures were dis-
covered in the temperaturerange Ty < T<T,=6 K. In
this interval, an incommensurate phase helical along
the z axis with a wave vector Q. = 0.91c* and an
incommensurate phase modulated along the x axis
with a vector Q, = 0.55c* form. The reentrant or
almost reentrant behavior of superconductivity was
detected in the magnetic ordering range [8].
Ho(NiB),C/Ag point contacts were experimentally
studied in [9], but the suppression of Andreev features
remained unexplained. In thiswork, we concentrate on
the effect of the helical structure on the differential con-
duction in Ho(NiB),C/Ag point junctions, invoking the
Blonder—Tinkham—KIlapwjik (BTK) formalism [10].

First, let usturn to the effect of the helical structure
on the superconductivity. For the first time, this point
was considered by Morozov in [11]. Recently, he has
extended his approach for holmium boron carbides
[12]. Applying the Bogoliubov transformation, one can
show that the gap parameter in the quasi-particle spec-
trum becomes highly anisotropic and disappears at the
line of intersection between the Fermi plane and Bragg
planes, which are generated by magnetic ordering. The
conventional BTK theory for isotropic semiconductors
can be generalized for the anisotropic case by introduc-
ing the dependence of the gap on the momentum A(k)
into the expressions for the Andreev reflection proba-
bility A(e, A(k)) and normal tunneling probability
B(g, A(k)). Then, the normalized zero-temperature con-
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ductance of a point junction is given by
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where v, is the velocity positive component normal to
the NSinterface and Z is the potentia barrier height at
the interface. In this approximation, the proximity
effect can be neglected athough the effect of the sur-
face on the order parameter is significant in purely d-
wave and p-wave superconductors.

The differential conductivity for N/d-wave super-
conductors was calculated in [13] with Eq. (1). Similar
calculations for ferromagnet/d-wave structures were
carried out in [14]. The dependence of the intragap
structure on the orientation of the d wave with respect
to the interface was found. Of interest also are calcula-
tions performed within the same approach for Sr,RuQ,
in view of the p-wave symmetry of the order parameter
[15]. For the UPt; heavy-fermion system, the oddness
of the order parameter was taken into account [16]. In
all the cases, the anisotropy of the order parameter
causes the plateau in the (-4, A) interva to transform
into atriangular peak of the conductanceinside the gap.

As was shown by Morozov [11, 12], the order
parameter in the presence of the helical structure is
given by

Ak, T) = (ug—v)A(T),

where
1/2
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| is the exchange integral, Sis the averaged spin, €, is
the dispersion relation in the paramagnetic phase,
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€, isanew dispersion relation, and n, is the Fermi dis-
tribution function. Equation (4) correspondsto the con-
ventional BCS equation with the effective parameter of
interaction in parentheses. The dependence A(T)
depends on the Bogoliubov coefficients and on the
Fermi surface dope. Since anomalies of the vector
dependence are observed near the intersections of the
Fermi surface with Bragg planes, the difference
between the actual interaction constant and its effective
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value AN =\ — A 4(T) can be expanded in unitsof ISE.
The difference AN was estimated at AAA = 0.12 [17]
from the data for the band structure of boron carbides.
Thisvalue was used to explain the reentrant behavior of
the upper critical field in holmium boron carbides.

Experimental data [9] indicate the insensitivity of
the curve G4 V) to the orientation of the contact plane
with respect to crystallographic axes. Thisfact supports
the isotropy of the electronic structure of these com-
pounds. Thus, the possibility of d-wave or p-wave pair-
ing in helicoidal superconductors should be excluded;
otherwise, the current—voltage characteristic would be
sensitive to the contact plane orientation.

The evolution of the Gyg(V) shape with the barrier
height is analyzed in the BTK theory [10]. Clearly, the
intragap plateau in the absence of the barrier changesto
peaksfor +A asthe barrier grows. For Ho(NiB),C/Ag at
T < 5K, where the helicoidal structure transforms into
the antiferromagnetic phase, the current—voltage char-
acteristic has two peaks.

However, in the temperature interval 5< T < 8.1 K,
which is equivalent to AT/T = 3/4 = 0.4, the gapless
behavior is observed (note that this parameter equals
0.2 for Er(NiB),C compounds). In our opinion, the
broadening and the gapless behavior are due to the
decline of the order parameter when the helical struc-
ture is present in the system. As was noted [17], the
decrease in the interaction constant to AMA = 0.12 is
insufficient for the order parameter to be suppressed
completely. On the other hand, when calculating the
differential conductivity, we must include the addi-

tional factor u? — vZ . Since this factor is less than

unity, we have one more channel for suppressing the
order parameter.

Thus, the broadened gapless behavior of Gy(V) for
Ho(NiB),C/Ag point contacts at near-critical tempera
tures can be explained by the order parameter suppres-
sion. In experiment [9], the suppression is incomplete
because Ho(NiB),C samples were extrapure. It was
shown [18] that nonmagnetic impurities heavily
destroy superconductivity in helicoidal systems. We
can thus conclude that helicity “retards’ the emergence
of two peaksin the GyqV) curve.
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