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Point-Contact Study of Fast and Slow Two-Level Fluctuators in Metallic Glasses
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Distinct peaks in the differential resistance of point contacts of metallic glasses have been observed
around zero bias. These peaks can be attributed to the interaction between conduction electrons and fast
switching two-level fluctuators (TLF). Discrete jumps between two such peaks were found to occur,
which can be explained by a modulation of the electron-TLF coupling by defects, present in the vicinity
of the contact, that slowly switch between two configurations. [S0031-9007(96)01423-8]

PACS numbers: 72.15.Qm, 72.10.Fk, 71.23.Cq, 73.40.Jn

The concept of two-level fluctuators (TLF’s) was origi- to the PC geometry, whereas KK did not take into ac-
nally proposed to describe many of the low-temperatureount the collective effects considered by VZ. Both de-
physical properties of glassy materials (for a review, wescriptions lead to anomalous features of approximately the
refer to Black [1]), but has later on found applications in asame shape, which makes it difficult to distinguish judg-
much wider field of physics. It was shown, for example,ing from spectral features alone [8]. However, the obser-
that two-level fluctuators are the dominant sourcd 6f  vation of excellent agreement with conductance scaling
noise in metal films [2]. For glassy systems, numerougpredictions for the two-channel Kondo scattering of elec-
roughly equivalent, “stable” noncrystalline atomic configu-trons from TLF's [11] favors the work of VZ. On the
rations must exist. Most of these states are too distardther hand, only the KK calculations are able to explain
to have a crossover from one configuration to anotherthe positive [12] sign of the anomaly that is sometimes
but some may be accessible within an experimental timebserved [8]. For the VZ model, the switching rate of the
scale and are thus constituting a TLF. This general pictur@LF’s should be so large that a conduction electron sees
suggests that a TLF is a local rearrangement of a smadit least a few switching occasions during the electron-
group of atoms. However, even after much research, th€LF interaction time. It was suggested [13] that, since the
exact nature of TLF’s is still unknown. TLF-Kondo interaction is rather sensitive to the exact de-

Lately, TLF's have been the subject of several point-fect arrangement, a slowly moving TLF may modulate the
contact (PC) studies. A PC probes only a very small vol-TLF-Kondo scattering, thus making this slow defect mo-
ume (typically <10° nm?®), and can therefore be used to tion observable. A similar effect may occur for the KK
study the effect of a few or even a single TLF, presendescription, which mainly concerns relatively slow TLF's
close to the contact area. Beautiful examples of such eX9], e.g., when a rather large defect modulates the number
periments are observations of two-level resistance flucef TLF's from which electrons are elastically scattered
tuations in clean metallic constrictions caused by latticavhen passing through a point contact.
defects moving between two metastable configurations We show in this Letter that a modulation of the electron-
[3,4], and of the electromigration of a single defect throughTLF coupling by slowly moving defects can indeed be
a metallic nanoconstruction [5]. observed using point contacts. This requires the presence

Some recent experimental studies of anomalous feasf many TLF's with a broad distribution of switching times
tures of the PC conductance or spectrdiV /dI> as a  close to the PC. Therefore, materials with a high density
function of bias voltagéd/,, in the region of small biases of TLF’s, such as metallic glasses, are needed.

(<10 mV) attributed these anomalies to the presence of The experiments were performed using commercially
TLF’s in the constriction region [6—8]. From a PC spec-available 1-2 mm wide and 60—80m thick ribbons of
troscopic point of view, a singularity can be expected afe- and Ni-based metallic glasses [14] that were cut by
eV, = E; when a TLF with a level splitting; is present  laser or abrasive disk, leaving a bridge of less than 0.2 mm
close to the PC. Kozub and Kulik (KK) [9] showed that wide. This bridge was narrowed down by filing with a
the elastic scattering of electrons from a TLF with differ- diamond-grain covered wire, after which the ribbon was
ent scattering cross sections for both states may lead toglued to a phosphor-bronze bending beam covered with
sharp peak in the PC spectrum at small biases. Vladar aralthin layer of insulating kapton foil, leaving the bridge
Zawadowski (VZ) [10] demonstrated that, at sufficiently unglued. By bending the beam, one can break the bridge
low temperatures, a strong coupling between TLF’'s andn a clean environment, and can accurately control the
conduction electrons may lead to a honmagnetic Kondoeontact size between the two freshly exposed electrodes of
like resonance. This work did not focus on effects duethe thus created, highly stable mechanically controllable
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break (MCB) junction [15]. Some additional experimentsKK, indicating that other scattering mechanisms play a
were done using silver PC's, for which 50m thin wires  dominant role here [17].
with a deep notch instead of the bridge were used. The Two effects were observed as the contact resistance was
PC spectra and conductance curves were recorded usingrereased abova0-50 () (see the inset of Fig. 1). First
dc current source and a small 5 kHz current modulationof all, the peak close to zero bias was found to smear out,
extracting the second and first harmonic from the voltagend the position of the minimum shifted towards higher
signal by means of a conventional lock-in technique. biases. This effect may be attributed to the fact that the
Figure 1 displays a typical spectrum that is obtained forsize of the defects to which the TLF's are related can
low Ohmic (<30 ) metallic glass point contacts. The become comparable to the contact size for high Ohmic
main feature of the PC spectrum at 1.2 K is a deep negazontacts. Because the ratios of the inelastic and elastic
tive [12] peak centered around,=1=*=0.3mV. The electron mean free paths to the contact diameter increase
shape of this anomalous feature around zero bias does nfor smaller contacts, it is also possible that other scattering
change notably when magnetic fields up to 5 T are appliednechanisms (such as electron-electron scattering) become
which rules out the usual magnetic Kondo effect for whichimportant at small biases.
Zeeman splitting should be present. The Kondo effect Furthermore, the high Ohmic contacts displayed large
was also ruled out as an explanation for the experimerfluctuations of the second harmonic signal, which some-
tal data on the resistivity of bulk samples of one (MET-times made it impossible to record the spectra for small
GLAS 2826A) of the metallic glasses studied here [16]. bias voltages. Slow registration of the differential resis-
The peak in the PC spectrum corresponds to a rathgéance (with a time constant of 0.03 s) showed that this
narrow maximum in the differential resistanRg around effect is connected to low-frequency, steplike fluctuations
zero bias (see, e.g., curve 1 in Fig. 2). The decrease aff R;. Low Ohmic contacts reveal only very weak low-
R, away from zero bias, associated with the PC spectrurfrequency fluctuations at small biases (curve 1 in Fig. 2),
peak, is usually in the range of (1-3)% but can reactwhereas high Ohmic contacts demonstrate jumpg®.n
values of (5—10)% for the Ni-based metallic glasses. Thishat have a maximal amplitude (up to 0.5%#Ryf) around
is over an order of magnitude larger than what has beerero bias, decreasing to the level of the background noise
found for normal metal PC's [8,13]. In the range of mostly atV = 2-3 mV, but sometimes not beforg >
1.5-5 mV, the peak shape is described quite nicely by mV [curves 2 and 3 in Figs. 2 and 3(a)]. This behavior
both VZ and KK, indicating that the spectrum is hereis in sharp contrast to the usuakreaseof the PC noise
mainly determined by electron-TLF scattering. However level with the applied bias voltage.
above 5-6 mV R, decreases proportional ¥ or V,,, Curve 3 in Fig. 2 displays reversible jumps between
depending on the specific metallic glass. This is not irtwo slightly different differential resistance peaks around
agreement with the behavior expected for both VZ andzero bias. As stated above, it was suggested by Ralph and
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0 10 20 30 FIG. 2. Differential resistanc®, as a function of bias voltage
Bias (mV) for FegoB 2 (1 and 2) and FgNizsCri4P1,.B6 (3) MCB junctions

(T = 1.2 K). (1) A6.6 Q contact, displaying almost no noise.
FIG. 1. Example of the point-contact spectrum of a low (2) A 366 () contact that shows clear noise around zero bias.

Ohmic FegoB,, metallic glass MCB junctiol” = 1.2 K,R = The noise amplitude decreases as the bias voltage increases. (3)
16 ). The inset shows the peak minimum for a rather highA 145 Q contact, showing a clear two-level switching behavior
Ohmic (65 ) contact. between two differenr, peaks.
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Ty ' ' a electron tunneling studies, zero-bias peaks have also been
-3 P, . 1 related to Coulomb blockade effects and to density of
= \;-‘u;_\ states effects. Coulomb blockade effects require a local-
~ -4t \x'f.;._:_\a 1 ized charge and are not expected to appear as a common
& "'5‘.‘.3;:,, feature in a point-contact geometry where there is a di-
Z -5t "‘5.:;3‘;6\ 1 rect connection between the two electrodes. (ltis not even
* '.3\ common in scanning tunneling microscopy.) A dip in the
-6 : ; : — density of states near the Fermi level is known to occur
2 3 4 > 6 due to electron-electron interactions. However, the related
Bias (mV) conductance reduction is theoretically expected to be, at
0.6 most, of the order o#2/h [13] and cannot account for the

conductance reduction of about 100 times this value for the

[ ' V=0 b
0.4 v 'h wt 6.6 Q) sample in Fig. 2. As was stated above, the differ-
0.2 ‘Lﬁ“ mwm ential resistance peak cannot result from the usual Kondo
effect, which leaves electron-TLS interaction as the only

T voi5 ‘ known cause for the point-contaky peak.
0.2 =1.5 mV -
Generally, more than one modulating defect was

oq ! M M *‘u{ A i present. In some cases, the number of active defects
' m , (or, alternatively, the number of accessible levels for one
0 20 40 60 8

AR/R (%)

0.0 s large defect) changed with applied bias. An example of
0 100 this behavior is given in Fig. 3(b). Here, time traces of
Time (sec) R, for a 366 () FegyB,o contact display jumps between
a few distinct levels at zero-bias voltage, whereas at
clearly showing two-level jumps iR, with an amplitude 1.5 ”?V only one defect switching between two states
that decreases as the bias voltage increases. (b) DifferentiffMains active.

resistanceRr,, recorded as a function of time for 366 Q For all contacts, the noise level at higher frequencies,
FegB 2o MCB junction at bias voltages of 0 and 1.5 mV. At registered with a storage oscilloscope using a bandpass of

zero bias, jumps between several levels occur, but, at 1.5 m\§—30 kHz, stayed nearly the same or increased slightly
only two resistance levels are preséfit= 1.2 K). as the bias voltage was increased from 0 to 10 mV,
indicating that faster fluctuations in this frequency range
Buhrman [13] that a slowly moving defect (e.g., a clusterdo not, or only to a negligibly small level, affect the
of atoms, or a dislocation) in the vicinity of the contact electron-TLF coupling. Because of the amorphous nature
area may cause the nonmagnetic Kondo-like electron-TLIBf the material under study, one would expect that TLF's
coupling to switch between two configurations. Experi-over a broad range of frequencies should be present. It
mentally, this would lead to reversible jumps between twds very likely that a switching event from one state to
slightly different differential resistance peaks around zerdhe other of a TLF will be easier when the number of
bias, which immediately explains the decrease of the amatoms involved is smaller, i.e., faster TLF's have a smaller
plitude of the low-frequency telegraph-noise-like behav-size. This explains why only modulation by very low-
ior of R; with increasing bias voltage [Fig. 3(a)]. When frequency TLF's has been observed, because they are,
the slow motion of a large defect changes the number oflue to their size, much more likely to affect notably the
TLF’s that are probed by the point contact, or certain paelectron-TLF coupling.
rameters (e.g., the electron scattering cross section of oneln a normal metal, the density of TLF's is approxi-
or both states of the TLF) of a part of them, switches be-mately 2 orders of magnitude smaller [13] than for metal-
tween two slightly different differential resistance peakslic glasses, and often there will be no slowly switching
may also occur within the framework of the KK calcula- defects present in the immediate vicinity of the contact,
tions. We therefore believe that the observed instabilitywhich makes an observation of the effects described above
of the contact resistance is a direct result of a modulatiomnlikely. It is therefore not unexpected that the PC spec-
of the electron-TLF coupling by slowly moving defects. tra of Ag MCB junctions, recorded after a low-temperature
Here we note that any mechanism that causes suchlaeak, show little or no zero-bias fluctuations for most of
distinct structure in the spectrum in a narrow range arounthe studied contacts. However, occasionally, is very
zero bias and that is sensitive to the switching of a slowlynoisy for small bias voltages, with the noise level decreas-
moving defect in the vicinity of the constriction may lead ing with increasing bias voltage (curve 1 of Fig. 4). In
to a similar contact resistance instability. For the dif-these cases, the relative amplitude of the noise is much
ferential resistance peak in point-contact experiments twaigher than for metallic glasses, which can already orig-
causes are discussed in the literature [18]: Kondo effedhate from the fact that Ag contacts with the same con-
and electron-TLS interaction. However, in spectroscopidact resistance as a metallic glass contact have a much

FIG. 3. (a) Enlargement of a part of the third curve of Fig. 2,
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smaller size (3—4 nm for &00 Q contact), and the fluc- solids. At higher bias voltages, clear deviations from both
tuation amplitude tends to increase with decreasing cordescriptions are found, indicating that other electron scat-
tact size. The noise also extends to larger bias voltagetering mechanisms are important here. The measurements
and the fluctuations are much faster. Apparently, the dethus give an indication of the energy range where strong
fect motion can be observed to much higher frequencieslectron-TLF coupling occurs.
here than for metallic glasses, which may again be con- Part of this work was supported by the Stichting voor
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