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Abstract. A Scanning Tunneling Microscopy in Break Junction regime and a Mechanically Controllable Break Junc-
tion are used to acquire thousands of conductance-elongation curves by stretching until breaking and re-connecting
Au junctions. From a robust statistical analysis performed on large sets of experiments , parameters such as lifetime,
elongation and occurrence probabilities are extracted. The analysis of results obtained for different stretching speeds of
the electrodes indicates that the breaking mechanism of di- and mono-atomic junction is identical, and that the junctions
undergo atomic rearrangement during their stretching and at the moment of breaking.

PACS. 73.63.Rt electronic transport in nanocontacts – 81.07.Lk fabrication of nanocontacts

1 Introduction

During the last decades, electronic properties of atomic sized
metallic contacts have interested several groups employing dif-
ferent techniques[1]. First studies were carried out using Scan-
ning Tunneling Microscopy in Break junction regime (STM-
BJ) [2]. The second most used technique is the Mechanically
Controllable Break Junction (MCBJ) developed by Muller et
al.[3] in 1992 and based on an earlier design by Moreland and
Ekin.[4] Both STM-BJ and MCBJ techniques are based on the
stretching of an Au wire. During stretching, the Au wire gets
thinner, and finally breaks leading to two electrodes. Before
breaking, at a given bias voltage, the current flowing through
the junction is measured as a function of the relative elonga-
tion of Au wire. As it is expected in diffusive regime, the cur-
rent first decreases linearly while the elongation of the wire.
However, in the ultimate stage before breaking, while the diam-
eter of the Au wire consists only in a few atoms, the electronic
transport becomes ballistic with the conductance given by:

G =
2e2

h

N∑
n=1

Tn

Where N is the number of available channels for the electrons
in the junction, e the electron charge, h the Planck’s constant
and Tn the transmission probability of the channels. In junc-
tions of atomic dimensions, conduction channels are directly
related to wave functions of the metal [5]. In the particular case
of gold, the conductance of a single atom-junction is due to
one conductance channel with transmission probability close
to unity [6]. Thus, its conductance is close to 2e2/h, the con-
ductance quantum G0.
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Therefore, in MCBJ or STM-BJ experiments, a gold mono-
atomic junction is characterized by a constant conductance of
1G0 during the stetching of the junction, i.e. a ballistic plateau
at 1G0. It is noteworthy that the length of this plateau gives a
direct access to the lifetime of the mono-atomic junction. Sim-
ilarly, the ballistic plateau observed at 2G0 is distinctive of a
junction containing two atoms in its section.

Such junctions are often employed to bind molecules dis-
playing terminations with a high affinity to metals such as thi-
ols or amino groups [7]. In this purpose, the mono-atomic junc-
tion is stretched until it breaks, leading to two Au nano elec-
trodes. Then in the presence of molecules, these ones can graft
on the electrodes and the conductance of the Au-molecule-Au
junction are measured, giving access to single molecule con-
ductance [8]. However such studies require stabilizing junc-
tions for a period as long as possible. Thus, the understanding
of the Au junction stability and breaking mechanism is crucial.

Tsutsui et al have studied the dependence of the lifetime
of monoatomic gold contacts on the stretching speed of the
electrodes [9]. They showed that for stretching speed higher
than 1nm.s−1, lifetime is limited by the strain applied to the
junction. Similar results were obtained for molecular junction
by Huang et al [10]. For lower stretching speed, lifetime is
rather limited by thermal motion, leading to discrete conduc-
tance fluctuations depending on the temperature of the experi-
ment [11].

Literature generally focuses on the ultimate ballistic plateau
at 1G0, whereas the properties of the junction may depend on
its earlier configuration. Therefore, in this work we explore as
much ballistic plateaus at 1G0 as at 2G0. Our study concerns
the behavior of mono- and di-atomic junctions associated to
1 and 2G0 conductances, respectively, at different stretching
speeds in ambient conditions. Our specificity is the comparison
of results obtained with two complementary techniques STM-
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Fig. 1. Schematics of our home made MCBJ. Top : The basic prin-
ciple consists in stretching the wire by bending the substrate with a
mechanical actuator , until the junction breaks and gives two separate
electrodes. Relaxing the force on the elastic substrate by back-bending
allows the junction to be closed again. The mechanical actuator is
composed of a stepping motor and a piezoelectric transducer (PZT)
in series. Down : A thin Au wire (diameter 125µm) is glued onto a
phosphorous bronze bending beam with two droplets of epoxy.

BJ and MCBJ, developed in the laboratory, in order to avoid
artifacts in these delicate measurements.

A great deal of effort is made in this paper to investigate
experimental results through an objective statistical approach
in order to highlight geometry and mechanical properties of
Au junction. This is made possible by the ability to repeat
the atomic contact experiments thousands of times using break
junction setups (MCBJ or STM-BJ).

2 Experiments

2.1 Set-up

In STM-BJ, Au junctions are obtained by indenting an Au sur-
face with a gold tip. Surfaces are prepared by electron beam
evaporation under ultra high vacuum conditions of a 100nm
layer of Au with a preferential [111] orientation [12], while
gold tips are electrochemically etched from 0.25 mm gold wire
(99.99%, Goodfellow).

In our home-made MCBJ (sketched in figure 1), a thin Au
wire (diameter 250µm) is glued onto a phosphorous bronze
bending beam with two droplets of epoxy (Stycast 2850FT, cur-
ing agent 24LV). The basic principle consists in stretching the
wire by bending the substrate with a mechanical actuator, until
the junction breaks and gives two separate electrodes. Relaxing
the force on the elastic substrate by back-bending allows the
junction to be closed again. The mechanical actuator is com-
posed of a stepping motor and a piezoelectric transducer (PZT)
in series, which permits to control the process by ramping the z-
piezovoltage. Because the wire is fixed, the vertical movement

of the PZT is demagnified, allowing accurate control of wire
stretching (elongation). The relative elongation can reach a res-
olution in the range of 5 picometers. Moreover, the MCBJ ex-
hibits an outstanding mechanical stability (<5pm/s drift of the
electrodes after breaking at room temperature for our setup).
This stability results from the reduction of the mechanical loop
which connects one electrode to the other, from centimeters,
in the case of an STM scanner, to approximatively 0.2 mm
in our MCBJ. The drawback is that the demagnification factor
depends on the geometrical parameters of the sample, mainly
on the distance between the glue droplets. It is thus difficult
to obtain an absolute calibration of the relative displacement
of the electrodes. An accurate calibration method using the
Gundlach oscillations in the tunnel current has been proposed
by Kolesnychenko et al [13]. Unfortunately this method is not
suitable for operation in ambient conditions. To circumvent this
potential calibration issue, we have combined the MCBJ mea-
surements with STM-BJ ones, where displacements are easily
calibrated.

For the two setups, experiments are carried out in air using
a bias voltage of the electrodes of 130 mV. The current is mea-
sured using a DLPCA-200 I/V converter (Femmto Messtech-
nik). Conductance versus elongation traces are recorded us-
ing a dedicated software described in detail elsewhere [14].
Briefly, while the MCBJ or STM-BJ regulation loop is main-
tained off, the two electrodes are brought into contact prior
to breaking off the junction by pulling the electrodes away
with variable stretching speeds. Conductance data are simulta-
neously acquired at a sampling frequency of 10 kHz. The reg-
ulation loop is then activated for approximatively 1s and the
cycle is repeated automatically thousands of times.

2.2 Methods

The recorded curves show ballistic plateaus in the transition
between contact and vacuum tunneling. The quantization of
conductance appears at approximately integer multiples of the
Landauer conductance quantum,G0 = 2e2/h as expected. How-
ever, some plateaus in the conductance curves cannot be un-
ambiguously identified to integer multiples of the conductance
quantum, nG0. In an attempt for an objective analysis of the
data, we identify conductance plateaus by the abrupt changes
of conductance, which separate them. The plateaus shorter than
three consecutive acquisition points (0.2 ms) are discarded. From
the acquisition of thousands of individual conductance curves
of the same junction, histograms of conductance values are
constructed, as shown on figure 2,

More advanced statistics are performed after acquisition.
The algorithms developed for these tasks are described else-
where [14]. They allow the extraction of occurences, average
conductances and lifetimes of conductance plateaus. The same
algorithms are used to analyse STM-BJ and MCBJ experiments.

3 Results and discussion

We have tested , using STM-BJ and MCBJ, stretching speeds
of the electrodes in the range from 0.5 to 1000 nm.s−1. In the
recorded conductance-elongation curve, we focus on plateaus
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Fig. 2. Typical histogram of conductance constructed from a set of
9000 conductance vs elongation traces recorded using the STMBJ at
a stretching speed of 142 nm.s−1 (bias 130 mV). Two conductance vs
elongation traces are also shown. On these traces conductance plateaus
are separated by abrupt changes of conductance marked by the dashed
arrows.
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Fig. 3. Histogram of lifetimes of G0 and 2G0 plateaus recorded using
the MCBJ at a stretching speed of 142 nm.s−1 (bias 130 mV). Both
histograms are obtained from sets of 75000 elongation curves, and can
be described as an exponential decay law with similar time constants.
STM-BJ experiments exhibit a similar behaviour.

at 1G0 ( 0.8G0 < G < 1.2G0) and 2G0 ( 1.6G0 < G <
2.4G0), which are attributed to mono- and di-atomic sections
of the junction, respectively.

3.1 Lifetimes of mono- and di-atomic junctions

As conductance measurement is acquired at a constant stretch-
ing speed, the elongation of the contacts leading to ballistic
plateaus at 1G0 and 2G0 is directly proportionnal to junctions’
lifetime, reflecting their stability. From sets of thousands con-
ductance curves, we can plot histograms of lifetimes of mono-
and di-atomic junction lifetimes.

As shown in figure 3, the occurrence of plateaus lifetime
typically leads to an exponential decay law given by the general
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Fig. 4. Lifetimes of ballistic plateaus at 1 and 2 G0vs stretching speed
of the electrodes obtained with MCBJ (circles and squares) and STM-
BJ (up and down triangles) at a bias of 130 mV. Values calculated from
75000 experiments. Horizontal error bars on MCBJ points represents
the uncertainty in the calibration of the relative displacement of the
electrodes.

expression

p(t) =
exp(−t/τ)

τ

where τ corresponds to the mean value of lifetime. This ex-
ponential decrease is a clear indication of the random nature
of the breaking process, as we have already reported in [14].
Without any further investigations, this random process sug-
gests that mono- and di-atomic junctions’ breaking are driven
either by thermal motion, by a random external perturbations or
by the constraint applied to the junction, which would provide
the system enough energy to break.

The dependence of the lifetime of ballistic plateaus at 1 and
2 G0 (τ1 and τ2 respectively) on the stretching speed shown
in figure 4,indicate that the breaking is due to the strain ap-
plied to the junction. Indeed the strain increase with the stretch-
ing speed, and thus the lifetime decreases. Noteworthy, τ1 and
τ2 exhibits similar values, and the same dependence on the
stretching speed.

This result is in excellent quantitative agreement with data
for ballistic plateaus at 1 G0 previously published by Tsustui
[9] and Huang [10], using an MCBJ and a STM-BJ respec-
tively.

We can imagine that the junction breaks like a constrained
rope, one strands (conduction channel) after the other at a given
lengthening [15]. In such a scenario, a diatomic junction dis-
plays two parallel conduction channels for the electrons flow-
ing trough the junction. One of these channels breaks under
strain, leading to a mono-atomic junction. We would then ex-
pect τ1 to be much shorter than τ2 because the last channel
has already been stretched in the di-atomic junction before it
breaks. However, τ1 and τ2 show quite close values and the
same dependence on v, suggesting that the breaking mecha-
nism is not sequential, and has the same origin for mono- and
di-atomic junctions.
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Fig. 5. Plateaus occurence probabilities at 1 and 2 G0 vs stretching
speed. These values are obtained from sets of 75000 conductance
curves for each stretching speed using MCBJ and STM-BJ at a bias
of 130mV. Increasing the stretching speed (and thus the strain applied
to the junction), lead to a decrease of the occurence probabilities of
conductance plateaus.

3.2 Occurence of mono- and di-atomic junctions

Our advanced statistical analysis allows extracting not only life-
times but also occurence probabilities of ballistic plateaus at 1
and 2 G0, P1 and P2 respectively. The dependence of these
probabilities on the stretching speed is shown on figure 5.

This curve shows that the ocurences of ballistic plateaus
dramatically decrease while the stretching speed (and thus the
constraint) increases.

In addition, on figure 6, the dependence of the product of
the probabilities P1.P2 on P1&2, the joint probability to ob-
serve conductance plateaus at 1 and 2 G0 on the same con-
ductance curve, is plotted . These probabilities show very close
values for all the stretching speed explored in this study with
the STM-BJ and MCBJ setups. It points out that the occurences
of ballistic plateaus are statistically independent events. In the
case of sequential breaking of di- and mono-atomic junctions,
plateaus at 1 and 2 G0 must appear together in conductance-
time curves leading to correlated occuring probabilities. The
observed statistical independence means that the plateau at 1
G0 exists wether the plateau at 2 G0 exists or not, and vice-
versa, as shown by the combination of the probabilities P1 and
P1&2. Using these values we can calculate that 50% of the 1
G0 events are subsequent to 2G0 events at the stretching speed
of 142 nm.s−1, to be compared to 23 % at 284 nm.s−1 and 60
% at 23.7 nm.s−1 for instance.

Consequently, the di-atomic junction is certainly not com-
posed of two conduction channels in parallel, which would
break sequentially. But rather a more complicated atomic struc-
ture implying a width of two atoms in its thinner part, as con-
firmed by tight-binding molecular dynamic [16,17,14]. These
simulations show that the junction displays an asymetric struc-
ture during stretching, meaning that the strain applied to the
atomic bonds is not homogeneous.
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Fig. 6. Product of the probabilities to observe a plateau at G0 (P1)
times the probability to observe a plateau at 2G0 (P2) vs the joint
probabilityP1&2 to observe both plateaus during the same experiment.
This graph gathers the results obtained from the STM-BJ and MCBJ
experiments for the whole stretching speed range of the present study.
Dashed line : P1.P2 = P1&2

3.3 Breaking mechanism

During stretchnig, the junction stiffness increases with the ac-
cumulated elastic energy. Then, the only way to relax a part
of this excess of energy is a plastic deformation, by the rup-
ture of the most strained bond. This occurs for given elonga-
tions, independent of the stretching speed, 0.1-0.15 nm in our
study. Several experimental studies at low temperature [18] and
in ambient conditions [10] reported an elongation at rupture of
0.1 to 0.25 nm corresponding to inter-atomic distance between
gold atoms , in good agreement with molecular dynamics sim-
ulations. Thus, the junction has to be considered more as a con-
tact than as a chain of atoms. G. Rubio-Bollinger estimated a
rupture force of 1.5 ± 0.5 nN [19]. By considering the junc-
tion as a spring, the ration between this force and elongation at
rupture leads to a spring constant of 10-15 N.m−1, and an en-
ergy release at rupture of 0.2-0.7 eV. Numerical simulations of
junction breaking are in excellent agreement with experimental
values [20].

Our study points out that similar results are obtained both
for mono- and di-atomic junctions, indicating that their break-
ing mechanism is identical. As the junction undergoes plastic
deformation, the corresponding energy release can lead either
to atomic reconfiguration of the junction or to breaking of the
remaining bonds. Hence the conductance elongation curve, af-
ter a 2 G0 conductance plateau, will display either a rupture
or a conductance plateau at 1 G0 corresponding to a junction
with a structure not correlated with the previous one. This fully
explains the fact that 1 and 2 G0 conductance plateaus are sta-
tistical independent events.
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4 Conclusion

A MCBJ and a STM-BJ have been used to acquire thousands
of conductance - elongation curves by stretching until breaking
and re-connecting Au junctions. Data on ballistic plateaus at
1G0 and 2G0 are extracted and statistically analysed, in order
to explain the breaking of mono- and di-atomic Au junctions in
ambient conditions.

Our study relies on a robust statistical analysis performed
on large sets of experiments. Moreover, it combines results
obtained with two complementary techniques : STM-BJ and
MCBJ. The excellent agreement between the results, strengthen
the analysis and ensures the lack of artifacts in lifetime mea-
surements related either to external perturbations (vibrations,
thermal drift) in STM-BJ experiments, or calibration issues in
MCBJ ones.

The dependence of the lifetime of gold junctions on the
stretching speed of the electrodes showed that for stretching
speed higher than 1nm.s−1, lifetime is limited by the strain ap-
plied to the junction. This is in agreement with previously pub-
lished works focusing on mono-atomic junctions. The present
study extends this result to di-atomic junctions indicating that
their breaking mechanism is identical. Moreover, the analysis
of occurrence probabilities of the ballistic plateaus gives an ex-
perimental evidence that junctions undergo atomic rearrange-
ment during their stretching and at the moment of breaking.

To our knowledge, it is the first time that a statistical ap-
proach provides such complementary informations on breaking
mechanism of Au nano-junctions.
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