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Quantized conductance in a contact between metallic oxide crystals
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The conductance of a point contact between two crystals of metallic~La0.75Sr0.25!MnO3 shows steps as the
contact is broken. A histogram of the conductance values observed in 60 breaks exhibits a series of sharp peaks
at integer multiples ofG052e2/h. Quantum conductance in these ceramics is qualitatively different from that
normally seen in metals and suggests that no neck formation occurs during fracture of a contact between these
brittle materials.@S0163-1829~98!02731-3#
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The phenomenon of quantum conductance was obse
in 1988 using an electrostatically defined constriction in
two-dimensional electron gas in a semiconductor.1,2 Since
then, quantum conduction has been explored in m
nanowires using a variety of experimental techniques, so
of which are quite simple. A clear observation of quantu
steps in metals was obtained by Muller, van Ruitenbeek,
de Jongh3 using mechanically controllable break junction
The scanning tunneling microscope~STM! has proved to be
a convenient tool for producing nanowires in various con
tions ~low temperature,4,5 room temperature,6,7 high
vacuum!.9 The quantum steps have been reported in vari
metals@Au,4–7,9–12Al,13 Pb,4 Cu,8,11–13 Pt,8,10–13 Ni,8–10# in
liquid metals@Hg and Sb~Ref. 14!#, in narrow-gap semicon
ductors@Pb12xSrxSe~Ref. 15!# and recently in a semi-meta
@Bi ~Ref. 16!#. Quantized conductance arises from ballis
electron transport in a narrow constriction produced as
contact between two electrodes is broken. The conductio
then independent of material properties, and depends onl
the geometry of the neck. The quantization of the cond
tance follows from the quantization of the electron mome
tum in the directions perpendicular to the direction of t
current flow. The Landauer-Buttiker formalism17–19 leads to
a conductanceG of the form

G5
2e2

h (
i

Ti ,

whereTi is the probability that an electron entering a co
duction channel is transmitted. In the case of very narr
constrictions~around 1 nm! the splitting between the con
duction channels is of the order of 1 eV. Thus it is possi
to observe the effect at room temperature.

Here we compare the contact-breaking behavior of a
romagnetic metal ~Fe! and a ferromagnetic oxide
~La0.75Sr0.25!MnO3. Nothing in the data appears to reflect t
ferromagnetic character of the samples, but we identify c
qualitative differences between the metal and the ceram
We denote the quantum of conductance 2e2/h asG0 .

Most of the studies on quantum conductance have b
performed using STM tips or with a constriction in two
dimensional~2-D! electron gas in a semiconductor. Anoth
PRB 580163-1829/98/58~8!/4656~4!/$15.00
ed
a

al
e

d
.

i-

s

e
is
on
-
-

-
w

e

r-

ar
ic.

en

technique for creating nanowires is to break a metal wire
create two fresh electrodes and then mechanically bring th
back into contact.13,20 We have adopted the very simp
method proposed by Costa-Krameret al.,11 in which two
macroscopic samples~usually wires! are brought into contac
and then pulled apart while continuously monitoring the
sistance of the contact. The contact was biased with 36
and the current was measured using anI -V converter based
on a fast, low-noise amplifier~OP37!. The amplifier is di-
rectly connected to a digital storage oscilloscope wh
records the current as the contact breaks. The oscillosco
triggered at a voltage corresponding to a small multiple
G0 . The traces are then stored in a computer to allow sta
tical analysis of the data. Making and breaking the contac
done using an electromagnetic relay.21,22 The samples are
mounted on the relay contacts. A drawback of this metho
that the breaking speed cannot be accurately controlled;
ertheless the observation of quantized conductance is as
vincing as with more elaborate setups. All experiments w
carried out at room temperature.

Figure 1 shows a typical plot of the time variation of th
conductance for breaking contact between two 99.99% p
0.5-mm-diam, iron wires. The quantized nature of the co
ductance is clearly observed in the set of plateaus separ
by G0 . Records of different breaks show a lot of variatio

FIG. 1. Quantized conduction during the breaking of a cont
between two iron wires.
4656 © 1998 The American Physical Society
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both in the quantized values which are observed and in
duration of the different plateaus. Sometimes, values of c
ductance are also observed that do not correspond exac
integral multiples ofG0 ; for example, the step near 4G0 in
Fig. 1. Following other authors,8 we plot histograms showing
conductance values recorded for a large number of bre
which indicate the weight and the spread of the differ
steps. The histogram obtained from 80 contact breaks in
is shown in Fig. 2. It can be seen that the distributions for
first two quantum steps are narrow and correspond close
G0 and 2G0 . The third step, still well defined, lies somewh
below 3G0 . Higher-order steps are barely resolved. Over
this behavior is quite typical of other metal contacts,9 al-
though it had not previously been reported for iron.12 The
difference in the results might be related to the state of m
netization of the material. Our wires were magnetically sa
rated. However, we have only obtained featureless hi
grams with Ni wires.

The origin of noninteger values ofG0 is unclear, but re-
cent experiments23 have shown that in Al what can be con
sidered as the first plateau can result from the contributio
up to three conduction channels. Theoretical calculatio24

also shows that disorder induces a shift in the peaks in
conductance histogram.

We then measured the quantum conduction in the con
between two single crystals of~La0.75Sr0.25!MnO3. These
perovskite crystals were prepared in an infrared furnace
ing the floating zone method.25 Their resistivity at room tem-
perature is 29mV m. The carrier density is about
31027 m23.26 We have noted a number of differences b
tween the behavior of point contacts in metals and cera
crystals. First, electrical contact is more difficult to obtain
ceramics; and in some cases even when two electrodes a
mechanical contact, electrical contact is not established.
quantum steps are clearly recognizable in individual bre
@Figs. 3~a!, 3~b!# and in the conductance histogram~Fig. 4!
of a large number of breaks. During a typical break only o
or two long quantized plateaus@see Fig. 3~a!# are observed,
and in general these lie close to a multiple ofG0 . The con-
ductance histogram, Fig. 4, shows features not observed
normal metals. There are well-defined peaks up to seve
order ~the maximum we were set up to measure!, with all
orders except the third having about the same weight. Th
very different from the behavior of metals where norma

FIG. 2. Histogram of conductance for 80 contact breaks be
tween two iron wires.
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only the first and second peaks are well defined~Fig. 2!. The
number of events between the peaks is low compared
many of the histograms obtained in metals, and it is poss
that some of the features could shade off if much larger d
sets were considered. Unfortunately these ceramic crys
are unsuitable for high rate measurements12,21,22because of
the difficulty of establishing reliable contact. The Fermi e
ergy in these materials is around 1 eV so that if seven c
duction channels are allowed, the energy splitting betw
these channels is only 150 meV, which is significan
greater than room temperature~29 meV!.

Another difference between ceramics and metals conc
the time scale in the contact breaking. In the case of me
most of the steps have a duration of a few hundredms,

FIG. 3. Typical variation of conductance for breaking the co
tact between two single crystals of La0.75Sr0.25MnO3, ~a! on a long
time scale,~b! on a short time scale.

FIG. 4. Histogram of conductance for 60 contact breaks
tween two La0.75Sr0.25MnO3 crystals.
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whereas in the case of ceramics we observe two time sc
very short plateaus~,100 ms! @see Fig. 3~b!#, and plateaus
lasting for more than 1 ms@see Fig. 3~a!#. The fact that in
these brittle materials it is possible to stabilize nanoconta
for a rather long time is striking. The longer time scale
volved in the contact breaking of oxide metals~.1000ms!
compared to normal metals~,100ms! indicates that the po
tential energy delivered between configurations contain
different numbers of conduction channels is much higher
takes longer to overcome. In the case of metals it is comm
to observe oscillations between two states whereas in ce
ics we never observed this type of behavior. Conducta
fluctuations observed in normal metals are attributed to
chanical noise. The oxides are less sensitive to mechan
noise which explains why even with a very simple setup i
possible to observe these long flat plateaus steps withou
accurate position control or vibration insulation.

We also observed quantized peaks up to a high order
tween an YBa2Cu3O7 thin film and a manganite crystal, bu
could not find any quantized behavior in contacts betw
sintered polycrystalline manganite samples. There the e
trical contact is difficult to obtain, but if a low resistivity
contact is achieved, the breaking curve shows a more or
continuous behavior. The behavior of sintered intermetal
(Nd2Fe14B) is similar except that the electrical contact
easy to obtain.

It has been shown that conductance steps are corre
with mechanical reconstructions involving elastic and plas
stages.27 Recently the formation of metallic nanocontacts h
been directly observed in the electron microscope.28 It was
found that nanowire formation is very different for ducti
metals~gold, copper, and silver! and hard metals~tungsten
and platinum!. The former show the formation of large hy
perbolic necks which progressively narrow from microwir
to nanowires. For the hard metal contacts smaller brid
form directly. It was also observed that for soft metals t
contacts persist to a mean separation between the two
trodes of 3mm, whereas for hard metals this distance is o
100 nm. We suppose that point contact behavior betw
ceramic crystals will persist at even shorter separations
i
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for the hard metals, and that the break has more to do w
brittle fracture than plastic deformation. The mechani
hardness and surface state of our ceramic samples may
plain why it is often difficult to establish electrical contac
Our observation of only one or two conductance steps
breaking the contact between manganite crystals, and th
nal step of a multiple ofG0 indicates that any reconstructio
at the contact between these brittle materials is much
progressive than for metals. The contact may even retain
structure of a natural asperity at the surface~Fig. 5!.

In conclusion, we have made observations of quanti
conductance in contacts between metallic oxide crystals.
surprising that it is possible to observe quantum conducta
in such brittle materials. The behavior is quite different fro
normal metals, in that conductance values up to 7G0 have
been observed whereas for normal metals quantized con
tion steps can only be clearly resolved up to 2G0 or 3G0 . It
is suggested that nanowire formation may not occur in
ramics, but that the final quantum conductance path depe
on the natural asperity of the surface. It would be of inter
to look at the contact-breaking process directly.28

This work was supported by the European Commission
part of the Oxide Spin Electronics Network~OXSEN!.

FIG. 5. Schematic comparison of breaking contact,~a! ductile
metal and~b! a brittle ceramic.
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