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For the first time we present the direct evidence for superconductivity in the ternary
magnetic compound YFe Alg with the ThMn,, type structure found via point-contact (PC)
experiments on contacts between silver needle and single-crystal YFe,Alg, revealing the
distinct Andreev-reflection current. The spectra measured prove the existence of normal-su-
perconducting interface and exhibit the triangular-like shape in a vicinity of zero-bias
voltage, inferring the unconventional type of superconductivity. The derived dependences of
the order parameter versus temperature A(T) and magnetic field A(H) are presented. A(T)
follows BCS theory, whereas A(H) do not satisfy any theoretical predictions. In some cases
there exists noticeable superconductivity enhancement by a weak magnetic field. The data
obtained imply the very inhomogeneous distribution of superconductivity over the sample
volume in spite of its single crystal structure. We assume that the reason is associated with
inherent magnetic inhomogeneities of this material. The highest values for the critical
temperature T, , upper critical magnetic field H , , and ratio 2A(0)/kT, are 7.4 K, 5 T, and
7.2, respectively.

PACS: 74.70.Ad, 74.80.Fp

So far there have been discovered many materials
where superconductivity and magnetism coexist in a
wide temperature range. Among them, for example,
there are ternary Chevrel phase and related sys-
tems [1], borocarbide and boronitride compounds
[2], and ruthenate cuprate family [3]. In this work
we give, for the first time, the direct evidence for
the existence of superconductivity in the rare-earth
ternary magnetic compound YFe,Alg in an Andreev-
reflection experiment.

The family of ternary magnetic compounds
ReM 4Al8 (Re is a rare earth, M is a transition
metal) with the ThMn,, type structure is known for
about two decade and their physical properties have
been investigated extensively [4—6]. However,
weak signs of superconductivity in some of the
compounds belonging to this family were discovered
only recently in the radio-frequency impedance and
heat capacity experiments [7,8]. This is very sur-
prising, because the compounds of this type have a
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complicated magnetic structure and their magnetic
ordering is far from a completely compensated anti-
ferromagnetic (AFM) order for which superconduc-
tivity may coexist with magnetism. For compounds
with a nonmagnetic Re-element, like YFe 4Al8 , the
incommensurate AFM structure consists of Fe mo-
ments in the (001) plane forming a rotating spiral
structure. Besides, a migration of Fe atoms can
create locally a noticeable excess of magnetic mo-
ments leading to the formation of a ferrimagnetic
state or a spin-glass state [4—6]. These factors cause
the appearance of significant noncompensated mag-
netic moments which in general prevent the possible
occurrence of superconductivity in such systems.

For a more direct proof of superconductivity in
YFe4Al8 , we have undertaken an Andreev-reflec-
tion study using pressure-type point contacts (PC).
As is well known, the Andreev reflection of the
quasiparticles, passing a normal-metal /supercon-
ductor interface, leads to the lowering of the con-
tact resistance for an applied voltage smaller than
the superconducting order parameter A (i.e.,
eV <A) [9]. The measurements of the PC differen-
tial resistance characteristics, dV /dI(V), were per-
formed on contacts of the needle-anvil geometry
with a silver needle as the normal electrode and
freshly fractured surfaces of the YFe,Al; single
crystal as the superconducting counterelectrode.
The contact sizes varied within 10-100 nm. The
standard modulation techniques were used for the
registration of dV /dI(V) characteristics.

In some parts of fractured Y-compound surfaces
(about 5%), we have found evident signatures of
superconductivity. In Figs. 1 and 2 we present the
typical spectra measured, respectively, at different
temperatures and magnetic fields which can be seen
as the first direct evidence for the superconductivity
in this material. As one can see in Fig. 1, the weak
zero bias minimum, arised firstly at 6.8 K curve and
growing in amplitude with the temperature lower-
ing, is a clear sign of probing the superconducting
area. Relatively small reduction of dV /dI(V) near
V = 0 implies that only a small part of PC area goes
to the superconducting state. Meanwhile, in some
cases this reduction could achieve about 30% that
indicates for very nonuniform distribution of super-
conductivity over sample volume. As is seen, the
triangular shape of dV /dI(V) minimum observed in
a vicinity of zero voltage deviates strongly from the
standard shape, i.e., expected from BTK [9] theory
for contacts with s-wave superconductors. In the
latter case, the shape of this reduction should look
like a double minimum characteristic, if an electron
scattering at N—S boundary occurs, or should have
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Fig. 1. dV /dI(V) spectra at the different indicated tem-
peratures for a point contact between an Ag needle and
YFe,Alg single crystal with normal contact resistance
R, =27 Q. For clarity the curves are shifted vertically.
The zero-bias structure disappears at a critical tempera-
ture T, = 6.84 K.

a flat bottom when this scattering is absent. The
triangular shape of spectrum may be caused by a
magnetic pair-breaking scattering intrinsic in given
compound or reflect the unconventional Cooper-
pairing, like in UPt, [10].

All the spectra are also characterized by the
prominent horn structure which is often observed in
low ohmic contacts. The reason of their appearance
may be associated with the fast decrease of the
Andreev-reflection current near eV = A and charge-
imbalance processes. Besides, the superconducting
clusters situated at the contact area periphery may
result such the horns [11]. In some measurements
the spectra occur not symmetrical, as it is shown in
Figs. 1 and 2. The reason for this phenomenon does
not consider in present publication.

Because of the unusual type of spectra measured,
the standard BTK [9] theory for the description of
the current-voltage characteristics can not be used
for finding the gap values. For a qualitative estima-
tion the order parameter A and its temperature and
magnetic dependences we define it as a half-width
of the zero bias minimum at a half-depth of the
minimum. Apparently, the depth of this minimum
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Fig. 2. dV /dI(V) spectra at the different indicated
magnetic fields for a point contact between an Ag nee-
dle and YFe,Alg single crystal with normal contact re-
sistance R, =5 Q and critical temperature T, = 6.15 K.
Temperature T =4.2 K. For clarity the curves are
shifted vertically. The zero-bias structure disappears at a
critical magnetic field H_, = 0.87 T.
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Fig. 3. The order parameter temperature dependences
A(T) at zero magnetic field H =0 for four series of
Ag—YFe,Alg point contact measurements on different
areas of YFe,Alg single crystal surface. The correspond-
ing critical temperatures T', for different series are: 5.85 K
(o), 6.15 K (8), 6.84 K (0), and 7.40 K (O). Related
20(0)/RT , ratios are: 3.5 (o), 4.0 (A), 7.2 (D), and 5.7
(0). The corresponding critical magnetic fields H,, are:
5T (e),0.87 T (), 0.45 T (O), and 0.4 T (O). Solid
line shows BCS theoretical prediction.
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also correlates with the order parameter and reflects
its temperature and magnetic field dependences.
Therefore, we also estimated the RO = Rn - RS
value, where R, and R, are the resistances at
V =0 in the normal and superconducting states,
respectively. Obtained in such a manner tempera-
ture dependences A(T) for four series of PC spectra
measured coincide well with BCS theoretical curve
as it is seen from Fig. 3. The corresponding T, are
5.85, 6.15, 6.84, and 7.40 K. Related 2A(0)/kT,
ratios are 3.5, 4.0, 7.2, and 5.7, respectively.

In Fig. 2 one can see that both the width and
depth of the minimum in the differential contact
resistance reduce when the applied magnetic field
increases and gradually disappear upon approaching
about 0.9 T. In contrast to the temperature depend-
ences, the magnetic field dependences for all spectra
measured do not follow any theoretical predictions.
We have met two typical situations which are
shown in Fig. 4. It is clearly seen that at the field
values higher than H/H , [10.5, the experimental
curves practically coincide. But at lower fields they
are different. The curve, represented by open trian-
gles, demonstrates noticeable (about 20%) enhance-
ment of superconductivity by a weak magnetic
field. At higher fields both curves deviate from the
pair-breaking theoretical prediction [12] and indi-
cate much more stronger pair-breaking influence of
the field. Solid triangular points reflect the RO(H)
dependence and correlate fairly with the open trian-
gles, reflecting the A(H) dependence. Both types of
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Fig. 4. The order parameter magnetic dependences A(H)
at temperature 7 = 4.2 K for two series of Ag—YFe Alg
point-contact measurements. The corresponding parame-
ters T, , H,, , and 2A(0)/kT, ratios for data marked by
solid circles and open triangles are the same as in Fig. 3.
The solid triangles show the magnetic field dependence
of the depth minimum R = R, - R, and correlate well
with the open triangles, reflecting the A(H) estimation
for the same run of measurements. Solid line shows the
pair-breaking theory prediction of Skalski et al.
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data, obtained in the same experiment, unambigu-
ously confirm the occurrence of the superconducti-
vity enhancement effect. Earlier, enhancement of
superconductivity in magnetic field was detected in
HoNi,B,C magnetic superconductor [13] and in
high-T, materials with magnetic impurities [14].
Probably, all these results are attributed to the
reduction of the spin-disorder scattering due to the
spin alignment improvement in an applied weak
magnetic field as it was discussed in [13]. More-
over, existence of the negative magnetoresistance in
ReM,Alg compounds in a weak magnetic fields at
temperatures just before the superconducting transi-
tion [7,8] supports this suggestion.

As was found, the superconductivity in YFe Alg
can survive in enough high magnetic fields. The
range of H ., values measured at T = 4.2 K occurred
within 0.4=5 T. The highest value H_, =5 T meas-
ured at temperature T =4.2 K for sample with
T,=5.85 K results the coherence length about
80 A. We suppose that significant diversity in T,
H, and A values, obtained in our experiments, is
caused by varying the magnetic states over a sample
volume. In other words, magnetic inhomogeneities
are inherent for such materials even in single-crystal
state.

In summary, we represent the first direct evi-
dence for the existence of superconductivity in the
magnetic compound YFe,Alg via measurements of
Andreev-reflection in the point contacts of N—S
type. The anomalous shape of the Andreev-reflec-
tion spectra could point to the unconventional cha-
racter of superconductivity in this compound or
magnetic pair-breaking resulting the quasiparticle
states within the energy gap.
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