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Transport properties and point-contact spectra of NiNb;_, metallic glasses
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Bulk resistivity and point contact spectra of,Nb; _, metallic glasses have been investigated as functions
of temperaturé0.3—300 K and magnetic field0—12 T). Metallic glasses in this family undergo a supercon-
ducting phase transition determined by the Nb concentration. When superconductivity was suppressed by a
strong magnetic field, both the bulk sam@RT) and the point contact differential resistance curves of
Ni,Nb, _, showed logarithmic behavior at low energies, which is explained by a strong electron-“two level
system” coupling. We studied the temperature, magnetic field, and contact resistance dependepdhgf Ni
point-contact spectra in the superconducting state and found telegraphlike fluctuations superimposed on super-
conducting characteristics. TheR€V) characteristics are extremely sensitive detectors for slow relaxing “two
level system” motion.

Amorphous metallic alloys have been the subject of exvestigating TLS scattering in these metallic alloys with the
tensive investigations over the last two decades because ftlp of PC spectroscopy. The JNib, _, metallic glasses
their surprising transport, magnetic, and superconductingviG's) are also interesting from another point of view, since
properties. To explain the most unusual low-temperaturg, syperconducting ground state develops at high enough Nb
physical properties of glassy materials the concept .of WO oncentratiod® We examined NiNbss and NigNb,, by
level tunneling systeméTLS) was suggestedfor a review oo roments on bulk samples investigating the temperature

see Ref. 1 According to a theoretical modélthe electron ¢ magnetic field dependence of resistivity and by PC spec-
scattering processes in TLS result in the commonly occur;

ring logarithmic temperature dependence of the resistivityf[roscc.)py based on brea_kjunctlor} technidtihis technique
On the other hand the resistivities of some amorphous aIonBermlts very sta}ble PC in the resistance range 14200 be
(NiNb, ., FeAu; ) were claimed not to exhibit any madg by breaking the sample in ultrahigh vacuum and_ then
logarithmic feature at low temperatufeand therefore these forming the contact between the freshly fractured atomically
alloys were regarded as a different class of metallic glasse§/€an surfaces. Due to the relatively large resistivity of
Point contact(PC) spectroscoploffers a very sensitive NixNbi—x MG these contacts were basically in the Maxwell
method to investigate scattering processes in conducting mdmit,* where the contact resistance is calculatedRag
terials, since back scattering of electrons in a PC causes ap/d (p being the electrical resistivityd the contact diam-
noticeable change in the current through the PC and thete.
R(V) characteristics give quantitative information about the Figure 1 presents the results of bulk sample measure-
energy dependence of the electron scattering processes orents. We found that NiNbsg has a superconducting tran-
quasiparticlegTLS, phonons, magnons, etcln particular,  sition at 1.8 K, while the resistance of Jy\b,,; starts to
the strong electron-TLS coupling gives rise to a peak in thelecrease only below 700 mK indicating a superconducting
PC differential resistance arount=0. This phenomenon is transition just outside of the temperature range of the mea-
usually referred to as the zero bias anom@BA). Experi-  surement$300 mK). For NisgNb,; we observed logarithmic
ments on metallic PC’s containing nonequilibrium defééts behavior between 700 mK and 25%KIt is hard to confirm
as well as on metallic glass PC(Refs. 7,8 demonstrated the logarithmic character for NiNbss because of the inter-
the existence of ZBA suggested by the thebty. fering presence of the superconducting fluctuations. In our
The present study was motivated by the expected absenexperiments these fluctuations start at 8 K, whereR{E)
of the logarithmic peak in NNb;_,, and was aimed at in- curve splits from that of the nonsuperconducting sample.
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FIG. 1. Temperature dependence of resistance in bylMiNi_, FIG. 2. Point contact differential resistance curves afgNib,;

samples aB=0 and 12 TAR/R represents the relative change of sample atT=1.2 K. Curve 1 with the right scale represents the
resistance normalized to the 50 K value. The zero figldand 12 T logarithmic zero bias anomaly in a low ohmic contact(@4; curve

(2) measurements are shown with crosses fQMbisg and dots for 2 with the left scale shows the reproducing high-bias singularities in
NisgNb,; . The inset shows the magnetic field dependence of resisa high ohmic contact (6@). The relative change of the differential
tance in the superconducting sampleTat 300 mK. resistance is normalized to thé=50 mV value.

This broad range of fluctuations is in good quantitativesented on the enlarged scale for dM4junction. According
agreement with theoretical calculatidhand experiments on to the above equation and calculating by the standard Lorenz
other amorphous superconductétsThe inset in Fig. 1 nhumber, the bias voltage 12 meV corresponds Tig:
shows a similarly broad magnetic field region of supercon-=38 K in the thermal regime, which is somewhat higher
ducting fluctuationg1.5—2.6 T at constant temperatut800  than the border of the logarithmic regi¢®5 K) in the bulk
mK). After suppressing the superconductivity by applying asample measurements R{T). This difference is due to the
magnetic field of 12 T the temperature dependence of th8igh resistivity of the material: the voltage drop in the vicin-
resistivity in both samples shows a clear logarithmic behavity of the contact is comparable with the voltage drop over
ior up to 25 K. In this logarithmic region a small but noti- the bulk part of the sample, which shifts the logarithmic
cable magnetic resistance is observed. Above the temperéggion towards higher voltages. The decrease in the contact
ture range shown in Fig. 1 both samples exhibited decreasinigsistance between 0 and 50 mV is comparable to that for the
resistivity with increasing temperature. The normal state rebulk samples in the temperature range 5-160 K.

sistivity at 50 K wasp~2.5uQ m for NiyNbss and p The dV/dI(V) dependences for high ohmic dyNbj;
~1.6 uQ m for NisgNb,; . junctions show steplike singularities at high biagasrve 2,

The PC spectra measurements showed a common behdvd. 2), which can be repeatedly reproduced for the same
ior of dV/dI(V) for all contacts in the resistance rangg. ~ contact but vary in amplitude and position for different
=1-300 (Corresponding to the contact diameter Samples. The Origin of these h|gh bias anomalies is the sub-
=2000-60 nm) which means rather good reproducibility ofiect of ongoing investigations.
results for different samples. F&pc>60 Q (d< 30 nm) The PC characteristics of the superconducting,Nisg
individual features start to prevail and td&/dI(V) curves MG below the critical temperature are quite different from
for the samples of the same resistance may differ signifithese in ordinary superconductors and can be understood
cantly. This sets the length scale of the material inhomogeonly qualitatively.
neity to ~30 nm. This value is in agreement with the small ~ Figure 3 shows the PC differential resistance drd
angle neutron scattering measurements performed on the§erves of NisNbsg at different contact resistances. The junc-
metallic glasseS where inhomogeneity was found on the

length scale of-18 nm. The regime of electron flow in point 80

contacts depends on the relationship between the contact di- 60

ameterd and the elasticl) and the inelasticl{,) mean free 40

paths? Due to the large resistivity of NNb;_, MG, the . 20p

transition to the thermal limitl¢,,l;,<d) for low ohmic con- < o

tacts occurs at small voltage bidsecause of the strong en- S 20

ergy dependence of the inelastic mean free paththe ther- < 40

mal regime the excess electron energy is dissipated inside the 60

contact, which results in the increase of the point contact 1'38_

temperature with respect to the bias volthged.= T2 ol P R AR
+V?/4L, wherelL is the Lorenz number. This equation re- -0 05 00 05 10 4 2 0 2 4
latesR(V) measurements done by PC technique to the tem- Bias voltage (mV) Bias voliage (m)
perature dependence of the resistivity. FIG. 3. Point contact characteristics of the superconducting

~ Figure 2 shows the differential resistance ofsdNiby;  Niy,Nbss sample at different normal state resistan¢asDifferen-
junctions. The low ohmic contact&urve 1 exhibit clear tial resistance curves fdRy=2—16 Q contacts(b) |-V curves of
logarithmic peaks in the voltage region of 1-12 mV, as preRy=0.5,1,2,4,8,1d) contacts, respectively.
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FIG. 4. Thel-V curves of a 10 NigNbsg point contact in . .
different magnetic fields, at 1.2 K. The inset shows the differential. FIG. 5. The telegraph noise superimposed on the superconduct-

resistance curve of a 118 contact inB=5 T magnetic field. The "9 characteristic of a 181 NisqNbss contact at the temperature of

logarithmic ZBA is regained if superconductivity is totally sup- 1.2 K. The |_nset represents the zero _blas re_slstance switching be-
pressed. tween two discrete states as the function of time.

tions with small normal-state resistance1.5¢2) present broadening by decreasing contact diameter. Similar behavior

conventionall -V curves[Fig. 3(b)] of a current driven con- . - .
. . L was observed by Naidyukt al. in superconducting heavy
tact with a clear voltage jump above a certain critical curren . . 7
ermion point contacts.

\{alue and with excess current at high voIF ages. The eyalua- The differential resistance of some contacts displays large

tion of the excess curreffitfor these low resistance junctions . o : )

shows, that the normal resistance — excess current roduﬂ%lCtualtlons around zero bidkig. 5). The plot of this noise

is con,stant ving the close-to-BCS value of 802 fgr &S the function of time shows that the resistance is switching

SA/KaT.  E ?hi %  resistan they cury ; ’ m red between two(or more discrete states on the time scale of
B'c. FOTNIgherresistances CUIVES are Smeared, oo onds. This slow two level fluctuation is not sensitive to

Ryl exc Vanishes and an increasing residual resistance is Ol?ﬁagnetic fields up to 1.5 T and decreases rapidly at larger

served at zero bias. We found that this residual resistanq@elds In Ref 7 a similar fluctuation was superimposed on
in.creas.es_r_apidly for decreasing contact diameter and may, Io.garithmic ZBA in FgB,o and Fe,NisCr,P1,Bs Me-
differ significantly for contacts with the sanf . The tran- tallic glasses. This fluctuation was explained as the effect of

sition between the jumplike curves and the smeared ones Qowly moving defects influencing electron-TLS coupling. In

also sample dependent, varying between21(}. These Ni 4Nbsg contacts the motion of such relatively large defects

phle rt\.omlgkna can be u(;\det.rs.ttoo? qluahtatlvely '?] tem:s ?f ‘tf 'can result in shutting down one of the percolation paths and
colationiike superconductivity. in large enough contacts t esuppressing superconductivity in a sizeable part of the con-

X "Ltriction. These fluctuations were only observed in relatively
paths between the two electrodes, but below a certain contagf i contacts¢=<200 nm). In such small areas only a few

diameter no such paths exist any more, and the current muskcojation paths are present, which explains that shutting
flow through normal regions as well. In this case the residua}jown one of them has an observable effect. It makes the

resistance is determined by the fraction of normal and SGyperconducting characteristics an extremely sensitive detec-
regions along the current paths, which explains the stronglyor for the slow relaxing TLS motion.

contact-dependent behavior. The characteristic width of per- |n conclusion we demonstrated that in contrast to earlier
colation paths is most probably close to the material inhomooebservations both the bulk resistivity and the PC differential
geneity scale of 18 nriv. This size scale of percolation is in resistance of amorphous Nib; _, alloys exhibit low-energy
agreement with the value of coherence leng#ilQ nm) cal-  logarithmic behavior which is characteristic of electron scat-
culated fromH.,. tering on the fast relaxing TLS’s in full accordance with the
As Fig. 4 shows, the steplikeV curve is smeared under Vladar-Zawadowski modél.In NisgNb,; we found repro-
the influence of magnetic field as well, but the zero biasducible structures in the point contact spectra at high biases
resistance and the excess current remains constant up to B2d higher ohmic contacts. We also studied the unusual fea-
T. We believe that this smearing follows from the vortex tures of superconducting NNbsg contacts which can be ex-
dynamics at high current densities in the contact area: thBlained by a percolation type of superconductivity, heating
resistance caused by vortices is superimposed on the steplifg€cts in the normal phase with increasing bias, and the
zero-fieldl-V curve. TheB=1.6 and 2 T curves are already influence of slow configurational changes close to the con-
within the fluctuation region ofl ., (see inset in Fig. J thus tact.

one obtains completely differehtV curves with larger zero We acknowledge E. St A. Zawadowski, and I. K. Yan-
bias resistance and small excess current. Going aeyeat  son for useful discussions. This work was supported by the
B=5 T we regain the positive logarithmic peak attributed toNederlandse Organisatie voor Wetenschappelijk Onderzoek
electron scattering on two level systefsge insetin Fig. 4  (NWO), the Stichting Fundamenteel Onderzoek der Materie

Recording the differential resistance curves of,Nbsg  (FOM), and by the Hungarian National Science Foundation
as the function of temperature, we found that the transition isinder Grant No. T026327.
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