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ABSTRACT

In this paper, the electrical transport and mechanical properties of Pt/ZnO Schottky nanocontacts have been studied simultaneously during
the formation and rupture of the nanocontacts. By combining multidimensional conducting scanning force spectroscopy with appropriated
data processing, the physical relevant parameters (the ideality factor, the Schottky barrier height, and the rupture voltage) are obtained. It has
been found that the transport curves strongly depend on the loading force. For loading forces higher than a threshold value, the transport
characteristics are similar to those of large-area Schottky contact, while below this threshold deviations from strictly thermionic emission are
detected. Above the threshold, stable and reproducible Pt/ZnO nanocontacts with ideality factors of about 2 and Schottky barrier heights of
around 0.45 eV have been obtained.

Introduction. With the aim of downscaling semiconductor is different from that of a large-area ofié. Theoretical self-
devices, a big effort has been devoted to growing and consistent calculations of the electronic structure at the
controlling semiconductor nanostructures such as nanopar-interface predict that if the size of the metalemiconductor
ticles, nanowires, or nanobelts. Using these building blocks, interface is smaller than a characteristic length, proportional
nanolaser$,nanosensorsnanogeneratorsetc. have been  to the Debye screening length, the behavior of the contact
already demonstrated. Furthermore, some of the materialsis governed by its size and shap&xperimentally, it has
employed being biocompatibfeyanotechnology has already  been found that nanocontacts performed on nanocolfimns
entered the medicine domairMost of these applications  and nanoisland$!*show a strong dependence of the barrier

require, at some point, an electrical contact either to transmit height and ideality factor on their structure as well as on
a detected signal or to be powered by an external source.heir size.
Obviously, the electrical contacts should be scaled accord-

ingly, and ther(re]forz, tgelrfsme must be on the order of electrical transport across Schottky nanocontacts are the lack
nzallnot[r;](_aters otr f{m :eds_o nané)met;:rs.t ding t . of control on the contacts formation and their reliability,
n this context, studying and understanding transpor Eecause it is difficult to measure the mechanical and electrical

ﬂoig\slzfnseii t:feﬂ?:r:joen\:iifrr:;aé?}; eéssegi?;roririn oor\t/aerr1? roperties of the nanocontacts simultaneously. In principle,
P P - ESp y Imp scanning probe microscopies are the ideal tools to overcome

for the new applications are Schottky nanocontacts becaus hese difficulties. With these techniques, it is possible to

not only a great number of nanodevices are based on a metal : .
. : . select the desired regions and then to perform the current
semiconductor Schottky contact with nanometer dimensions, . . .
. . voltage IV measurements using the conductive tip as a
but also because standard electrical spectroscopies, such as

. nanoprobe. Several studies have been performed in semi-
deep level transient spectroscopy or photocurrent measure-

ments, need the formation of a Schottky confactis well conducting nanostructures by means of conductive scanning

i _ 12-19 i
known that the behavior of a “small” Schottky nanocontact force microscopy (c SFW' Up to now, the main
weaknesses of this technique are the poor characterization
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ZnO is currently one of the most prominent semiconduc-
tors for optoelectronic applications due to its large band gap

and large exciton binding enefyand has become one the Data utput
most important candidates for spintronfédn this paper, Lo F fost sow
we study in detail the formation and rupture of Schottky e I ® ®
nanocontacts on ZnO nanocolumns by means of conductive I
scanning force spectroscopy (c-SFS). This method combines

multidimensional data acquisition, where thvecurves and v

the loading force are recorded simultaneously, with appropri-

ate data processing. In this way, it is possible to analyze in
parallel the electrical and the mechanical properties of a
nanocontact as a function of the loading force during its . . .
formation and rupture. For the nanocontacts studied, formedFigure 1. Schematic representation of the experimental setup. In
between a conducting tip and a ZnO nanocolumn, we find the experiments, the forcenteraction imageand the 1V image

e o ) . are recorded simultaneously.
that a rectifying behavior is present in all the loading force

range. The ideality factor and the barrier height, assuming topography images were again acquired to check possible
thermionic emission, as well as the backward rupture VOItage'changes in the measured zone.

have been calcglated. Elnally, the resu'lts.are analyzed N As stated before, tip integrity is fundamental in order to
terms of the applied loading force, establishing the existence gpain reproducible results. In particular, it is important that
of a threshold force value above which the contact electrical ¢ tip keeps constant its conducting properties during the
parameters are constant. whole set of relevant measurements. Mechanical contact of
Experimental and Methodology. ZnO was grown at tip and sample may deteriorate the conducting properties of
atmospheric pressure in a horizontal metalorganic vapor-the tip. Therefore, topography images were acquired in true
phase epitaxy reactor provided with two separate inlets for noncontact dynamic scanning force microscopy (DSFM)
the zinc and oxygen precursors, diethylzinc aed-butyl mode and tip sample contact is established only when
alcohol, respectively. This two-inlet configuration allows to  performing the transport measurements. Detailed description
avoid, or at least to reduce, gas-phase prereactions betweenf DSFM image acquisition is out of the scope of the present
both precursord ZnO was deposited on (10 a-plane paper. We remark, however, that in our experiments, true
sapphire substrates with the growth direction being parallel noncontact imaging is obtained using the oscillation ampli-
to the ZnOc-axis. The samples consist of a continuous ZnO tude as a feedback parameter with relatively small oscillation
film on top of which an array of ZnO nanocolumns develops amplitudes (10 nm peakpeak) and a small reduction of
(see below). oscillation amplitude as a feedback parameter, corresponding
Experiments were performed using a NanoTec SFM to about 90% of the free oscillation amplitude. The phase-

system composed of SFM head, high voltage controller, andlocked loop Qf our dynamic measurement board is enablgd
PLL/dynamic measurement board. In these kinds of experi- ©© Keep the tip-sample system always at resonance. In this
ments, we used sharpened Pt-coated conducting tips with ghay, we work in the attractive regime of tgample

force constant of 3 or 40 N/m and boron-doped diamond mtgractlclﬂ wnhouthtoluchlng} tt};e surfac:a. btained
tips with a force constant of 50 N/m. In the experiments nce the morphology of the samples was obtained, a

discussed here, a platinum tip with a force constant of 3 N/m homogeneous and clean zone was selected for the transport

o s easurements. c-SFS was performed at a given position on
was used because of its higher force sensitivity as compare%e sample as a function of tmample voltao&/..and fi
to stiffer cantilevers. An ultralow-noise current amplifier P tisamp 9Fbies b

(FEMTO LCA-4K-1G) was employed for the conductivity sa_mple d'.S@nCd: data_z data V.b‘as‘d)' !n our SFM system,
) this acquisition mode is a particular implementation of the

¢ i d bient der aihert at h ™D mode? The 3D mode was set in order to have the tip
emperature under ambient or under aihert atmosphere. voltage as fast scan and the-tipample distance as slow

Similar results were obtalngd “T‘der poth conditions, NEVer scan. The experimental implementation of the setup is shown
theless the data reported in this article are those obtained - Figure 1. The outputsVyasd) from the control unit are
. as

under N inert atmosphere n orde(rﬁ;;) avoid uncontrolled supplied to the tip and to the scanner, respectively. In the
effects due to formation of water necksThe measurements experiments discussed in this work, the normal force

were performed.when the systgm was sufﬂuently stable to F(Vbiasd), the frequency shifo(Veiasd), and the oscillation
minimize the drift and to obtain reproducible results. To amplitude A(Vyasd), as well as the curreni(Vyasd), are
obtain maximum stability, the microscope setup was kept measured simultaneously. The combined set of normal force
working for about 24 h before the relevant measurements F(Vbiasd) and current(Vuasd) data as well as their correlation
were performed. is the focus of the present study.

Transport measurements were performed in a three-step Once transport measurements were obtained, the force
sequence: First, topographic images were acquired to selectinteraction images” and the“lV images” were analyzed
a homogeneous and clean area. Second, the transport propwith a suitably developed algorithm. A detailed description
erties of the sample were studied by means of c-SFS. Finally,of the algorithm used to process the force, the frequency,
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and the amplitudéinteraction images”is explained in ref

26. Briefly, first, each line of the forcénteraction image”,

that is, the force measured at a fixed-tigample distance
but at different tip-sample voltages, is averaged over all
voltage values to obtain a single force value at that particular
tip—sample distanceF(d) = > F(d,U))/n, where thelU; are

all voltage points in a (horizontal) data line amé the total
number of points in a line. This process, repeated for each
line, converts a forcéinteraction image” into an averaged
force vs distance curve (FvsD). This averaged FvsD curve
is analogous to the FvsD curves that are typically acquired
in scanning force microscopy but has less noise due to the
averaging process. The algorithm developed to process the
interaction images determines the snap to contact point and
separates the contact and noncontact regimes on the FvsD
curve. In addition, tip radius, surface potential, and other
important parameters are obtained from the noncontact
regime dat&®

The current through the tip for each loading force value,
that is, for a fixed tip-sample distance, was collected in the
“IV image”. Each line of thé'lV image” corresponds to an
IV curve at a given point in the FvsD curve. The current
curves of thelV images were analyzed according to the
transport properties of the contact. For contacts with Ohmic
behavior (such as Pt/HOPG (highly oriented pyrolitic
graphite)), a linear fit was applied to each line of thée
image. From each linear fit, the resistance of the-ipmple
system at each loading force value was obtained. For contacts:igyre 2. (a) Force interaction imagg(left panel) and 1V image
with Schottky behavior (such as Pt/ZnO), ed¢iturve was (right panel) simultaneously recorded on a HOPG sample. (b) FvsD
separated into a forward and a backw#vdbranch, corre- curve obtained from the forcériteraction imagé A typical DSFM
sponding to a positive and a negative-tgample bias. topography image of the HOPG sample is shown in the inset. (c)

- L - IV curves (1,2,3) at three different loading force values all within
Assuming the thermionic emission theory (see bel&vd, the linear range of the FvsD curve. (Also indicated as 1,2,3 in (a)

linear fit was applied to th? logarithm of the forwarq CUr- and (b)). (d) Resistance of the tip/sample nanocontact as a function
rent branch for each loading force. From these fits, the of the loading force.

ideality factor and the Schottky barrier height (SBH) were
obtained. The breakdown voltag(-;- is calculatgd from the voltage. For very low loading forces, during the very first
backward current branch. Processing the whtlémage” stages of tip-sample contact formation, th¥ curves are
converts this image to curves describing the variation of onlinear. Shortly after the minimum of the FvsD curves, at
ideality factor, SBH, and breakdown voltage with the loading 5 force value of about6 nN, thelV curves become linear.
force. The corresponding linear fit of th®&/ curves provides the

To illustrate the methodology an experiment on a HOPG resistance of the tipsample contact value at each loading
surface is first discussed. Once a homogeneous and cleariorce (Figure 2d). As the tipsample force increases, the
area was selected, a metal/metal contact was formed byresistance decreases until it stabilizes at abow® 3dk forces
approaching the tip toward the sample using the 3D mode larger than 7 nN. Consequently, a stable and reproducible
as discussed before. Data were obtained at a variable bias:anocontact between the tip and the HOPG sample is only
voltage between-1.4/1.4 V. Approaching forceifiteraction formed at sufficiently high loading force values.
image” and“lV image” measurements on HOPG are shown  The proposed method was employed for determining the
in Figure 2a. In the present context, the analysis is focusedtransport properties of Schottky nanocontacts on ZnO nano-
on the contact regime. This part of the foreteraction columns. To ensure the reliability of the measurements, an
image” corresponds to the range in th& image”, where  additional control step was introduced. Thus, the experiment
non-negligible current values are measured. The FvsD curveconsists of three consecutive measurements: first, c-SFS was
from the corresponding forcinteraction image” is shown  performed on a HOPG surface, then the experiments on the
in Figure 2b. ZnO sample were done, and finally, the control c-SFS

Current starts to flow through the PtHOPG nanocontact measurement on the HOPG sample was repeated. By
when the normal force increases after the minimum of the comparing the two measurements on the HOPG surface,
FvsD curve, which in this case coincides with the beginning possible variations of the tip can be detected.
of its linear regime. The complete conducting range presents Figure 3 shows the morphology of the ZnO sample studied
symmetric behavior for both reverse and forward bias by noncontact DSFM. The sample consists of a thin
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30nm

Figure 3. (a) DSFM topography image of the ZnO sample. Array
of nanocolumns presenting hexagonal cross sections and flat top
endings. (b) Detail of a homogeneous and clean top of a nanocol-
umn.

continuous ZnO layer that covers theplane sapphire Z, T
substrate and an array of ZnO nanocolumns, with lateral sizes = a7

between 0.3 and &m, that grow on top of the ZnO layer. 21 v ;

Most of the nanocolumns present hexagonal cross sections 44 !

with flat top endings. This morphology, with flat rather than sl i

pyramidal tops, facilitates the formation of stable Pt/ZnO I‘ i

nanocontacts. Hence, only nanocolumns with flat and 8 4 o

A
(IJ-
o

homogeneous tops were tested.

In analogy to the experiments performed on HOPG, a
metal/semicqnductor nanocontact was studied by means OfFigure 4. (a) Force“interaction image” and (b)“IV image”
c-SFS experiment on a selected ZnO nanocolumn. Silver ghtained on a ZnO nanocolumn during the nanocontact formation.
paste was applied to the bottom of the nanocolumns to (c) IV curves at three different loading force values (1,2,3). The
electrically connect the ZnO continuous film with the external curves (1,2,3) are also marked in (b). All of them present a clear
circuit, similar to ref 3. rectifying behavior.

A typical c-SFS contact formation experiment on a ZnO
nanocolumn is shown in Figure 4, where approaching force tip—sample voltages where the current is larger than this
“interaction image” and “1V image” are displayed. Current  noise level and lower than the saturation current of our
curves have been acquired at variable bias voltage betweerlV converter. WhenViias > kgT/q, €q 1 can be simpli-
—4.5H4.5 V, thereby measuring forward and revetse  fied to®®
characteristics. Current curves extracted front'ttiémage”
show Schottky rectifying behavior in the whole force range. qViad
During the first stages of the nanocontact formation, low I = Is’ exr{nkBT)] 2)
forward current and null backward current values are
measured® As the loading force increases, both forward and
backward currents rise; this trend is maintained until, at a  For each loading force, the ideality factor is then directly
given loading force, the contact properties become con- determined from the slope of a linear &i4ias + b to the
stant. The correspondindV image acquired during nano-  experimental data point¥a.s In(l)). The error of the ideality
contact rupture (receding tip, not shown) presents the samefactor is calculated from the errdra of the slope of this fit.
behavior. We note that this “intrinsic” error may be due either to a

Once the tV imag€ has been acquired, the forward statistical fluctuation of the data points (“noise”) or to a
branch of eachV curve is analyzed in terms of thermionic  deviation of these data points from the curve that is assumed
emission theory? according to which the current for positive  to be the correct theoretical description of data (“deviation”).

bias voltage should be given by The y-interceptb of the fit directly gives the logarithm of
the saturation current, which is given by
quias
|(Vbias) = Is[exp( ) B 1] (1) D
nkgT | = AAT exr{%) @3)

whereq is the electronic chargég is the Boltzman constant,

T the absolute temperatur®,s the applied biasn the whereA is the area of the diod€g the SBH of the junction,
ideality factor, ands the saturation current. The algorithm andA" the Richardson constant, which for ZnO is 32 A€m
developed for the analysis of th¥ curves determines the K™2 The SBH is calculated, according to relations 2 and 3,
noise level of the current data and then finds the range of as:

1508 Nano Lett, Vol. 7, No. 6, 2007



ke T \
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Formation
The corresponding error is

soo= BT+ (RT 4T ©

which in our case can be simplified to®g = (kg T/q) (Ab/
b) because the error of the saturation current is the leading
error source in our experiments.

Finally, the reverse breakdown voltage as a function of P Do
the loading force is obtained from the backw#vdbranch. 0_5' 0 5101520 253035 0 5 10 15 20 25 30 35 40
As for the forwardlV curve, the noise level of the current Loading Force (nN)
data is determined. In our case, we define the breakdown . . . .
voltage as the voltage for which the reverse current is Iargerro'?rﬂ;igh fﬁj‘ l'(tg)ffjgt’lrjraes ;‘fftﬂg:tl;%r}gghﬁalﬁggéﬂ%;g?ggrt(h"ﬂae

than twice the noise level. regions explained on the main text are indicated as I, II, and 11l in
Results. The ideality factor of the Pt/ZnO nanocontact the graphs.

during its formation is shown in Figure 5a. The ideality factor

Ideality factor

decreases from about 15 at very low loading forces to about 20 ::

2 at loading forces higher than about 10 nN and remains 184 * 00 ul, 4%

essentially constant for higher forces. Taking into account o s ° ol ﬁ‘; "'.-f

the (intrinsic) error of each point on the ideality vs distance S e "" o i"a' § Ly

curve and the dispersion of these poifttthe nanocontact =] U Y "_;a. “o o eea
formation can b_e- separated into three regions: in .the first :2:" 124 .® !:(, L] . : ot ot -
one (1), for loading forces lower than 5 nN, the points on @ 104 ) .q’“." e
the ideality factor vs distance curve present high dispersion 2 g1 e o g e Loading Force (nN)

and a relatively large “intrinsic” error which is of essentially L B S

statistical nature (noise). This range corresponds, most i a S * tip radius 20nm
probably, to an unstable electric nanocontact that is still under 41 ¢ 2 e* ftipradus13nm
formation?° In the second region (Il), for loading forces 2 A s %M_dv
between 5 and 10 nN, the ideality factors present lower 0 )

dispersion and their “intrinsic” error is due to “deviation”, 0 12 14 18 18
that is, thelV curves in this regime are not well described contact radius (nm)

by simple exponential functions. Finally, at loading forces Figure 6. Ideality factor as a function of the contact radius for

higher than 10 nN (region Il), the ideality factor vs distance 1y pt tips. Inset: Ideality factor as a function of the loading force
curve shows very low dispersion, is essentially constant andof the same two Pt tips.

has low error bars. In particular, in this regime, thiecurves

are described by eq 1. In this regime, a stable electric contactsurface contactét as well as on the surface treatment
has been already formed. This trend is completely reproduc-employed before depositing the Pt contécfThus, an
ible both in the formation and in the rupture of the improvement of the nanocontact characteristics should be
nanocontact (parts a and b of Figure 5, respectively), althoughachievable by employing O-polar surfaces or by exposing
the first and second regions are less well defined and noisierthe ZnO surface to boiling hydrogen peroxide.

during the rupture process. To check the reproducibility of the experiment and the
The obtained ideality factor is much lower than those dependence of the ideality factor with the contact radius,
previously reported, ranging between 6 and 12, on ZA®® measurements have been repeated using different platinum

and GaN® nanocolumns contacted with an AFM tip. These tips. The ideality factor as a function of the loading force
high ideality factors were attributed to small contact size for two different tips is displayed in the inset of Figure 6. It
effects and agree with our results obtained at low loading is clearly seen that, although both tips show the same trend,
forces. On the other hand, it is noteworthy that, in the third the threshold loading force, above which the ideality factor
loading force region, where a stable nanocontact has beerreaches a constant value, is quite different for each tip.
formed, the ideality factors that we systematically obtain are Instead of using the loading force, it is very enlightening to
much lower ¢2). This ideality factor matches the best value study the dependence of the ideality factor on the contact
recently obtained on large-area Pt Schottky contacts on Zn-radius (Figure 6). For this purpose, the contact radii have
polar bulk ZnO3! confirming that high-quality nanocontacts been calculated using the Derjaguiuller—Toporov (DMT)

can be obtained by the present method. Furthermore, themodel?? which describes the contact radius between a
diode characteristics and, in particular, the ideality factor spherical tip (of tip radiusl) and a flat surface when both
were seen to depend on the particular polarity of the ZnO bodies are pushed into each other. As compared to the
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Figure 7. Schottky barrier heigh®g as a function of the loading Figure 8. Breakdown voltage as a function of the loading force.
force is shown. The error bars (not shown) are about 0.2 eV. This
large value is because the low saturation currents are smaller than

the technical noise of oUr Measurements. Finally, to fully characterize th&/ curves, the breakdown

voltage has been obtained by processing the reVérsarves
. ) ) with a suitable algorithm. The corresponding breakdown
simpler Hertz model, this model takes into account the \,,iage as a function of the loading force is shown in Figure
adhesion forces acting in the tisample contact as well as g o negligible backward currents are only obtained for
the elasticity of tip and sample. For a spherical tip on aflat ¢, a5 higher than 1 nN. For loading forces between 1 and
surface, the contact area will be a circle whose radius 14 N the breakdown voltage decreases as the loading force
increases with the loading force. increases, from more than4.5 V up to a value of about
The contact radius is then given hy= .3(R/E)(F+|Fadr4), —1.75 V. For loading forces higher than 10 nN, the
whereR is the tip radius obtained from the analysis of the breakdown voltage stays constant at this value. This break-
frequency'‘interaction image” in the noncontact regime, as  down voltage is much lower than those typically found in
extensively explained in ref 2@ the effective Young's large-area Schottky contacts and is probably a result of the
modulus of the tip (about 134 GPdj,the loading force, small size of the nanocontact, as will be discussed below.
and Fagn the adhesion force, which in our experiments is  Discussion and Conclusiondt is important to notice that,
about 10 nN, as estimated from the FvsD curves. Contactfor all experiments described here, the contact radius
radii of a few nanometers {13 nm) have been obtained for  variation during the transport experiments is very small,
all the tips within the force range investigated experimentally typically 1-4 nm. This is fundamental in the present
in this work. As shown in Figure 6, the ideality factor discussion because “small” nanocontacts are expected to
obtained with different tips, but the same tip material, as a deviate from conventional diodes behavior. As discussed in
function of the contact radius, shows strong coincidence. Onref 6, a nanocontact should be considered “small” if its radius
the other hand, similar experiments performed with highly is smaller than or similar to the characteristic length of the
doped diamond tips (not shown here) present the samesystem, which is proportional to the Debye screening length.
behavior but with a saturation value of the ideality factor of In nonintentionally doped ZnO samples, such as those used
about 2.8. This clearly indicates that the ideality factor in this study and comparable to those studied previously,
depends on the tip material. the doping level is about 16-10' cm™2 and, therefore, the
Another important parameter to characterize a Schottky corresponding Debye lengths are on the order-e1@ nm.
contact is the SBH, which is obtained from eq 4. The SBH This would mean that our nanocontacts are “small” and the
as a function of the loading force is shown in Figure 7. At corresponding size effects should play an important role. The
low loading forces, where the nanocontact is still under large ideality factors and low SHB found in the region I
formation, although the SBH values show large dispersion, could therefore be explained by taking into account these
they seem to decrease. For loading forces higher than 5 nNeffects as previously done in other similar struct#&s.5
the SBH increases as the loading force rises, increasing fromHowever, it should be emphasized that, in our experiments,
about 0.2 eV to about 0.45 eV at loading forces higher than the transition between the second and the third regime, where
20 nN when a stable nanocontact has been formed. Thisthe ideality factor and the barrier height are constant, is
behavior is followed both in the formation and in the rupture extremely sharp (compare with Figure 1 in ref 6). In addition,
of the nanocontact with good agreement, although the rupturein regime 1ll, the transport characteristics can be fully
curve is again noisier. The experimental SBH value8.45 described by thermionic emission (and the series resistance
eV) obtained at loading forces higher than a threshold value of the structure). Therefore, nanocontacts with ideality factors
are close to those found in Pt/ZnO large-area Schottky and SHB comparable to large-area Schottky contacts can be
contacts £0.55 eV)3! At low loading forces, the measured formed even though, in principle, “small” size effects should
SBH values are obviously smaller. be relevant. Besides, transport measurements performed with
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c-SFM on TiSj islands on Si(111), previously reported in  23915E, NAN2004-09183-C10-3, GV-Grupos 03/098, GV-
ref 12, showed that the current characteristics were not Comp 2006-0037, and the Fundati8aeca-CARM.

correlated with the island size but with the quality of the

metal/semiconductor interface. In our case, similar effects References

could take place and, thus, a high-quality Pt/ZnO interface
would not be achieved until a certain threshold force is
applied.

The rupture voltages are in all the cases much lower than
the large-area contact ones. This effect would be similar to
that produced by a reduced barrier width, as introduced in
ref 6, to simulate small contact size effects because it would
increase the tunneling of carriers across the barrier and
produce an enhancement of the backward current. Further-
more, even if the use of an inert nitrogen atmosphere should
prevent, or at least reduce, the formation of surface conduct-
ing channels, their presence should not be completely
discarded.

We would like to highlight that one of the main efforts in
our work has been to accurately determine the errors in all
our experiments. In particular, it has been very important to
assign an “intrinsic” error to the calculately curves,
enabling us to recognize deviations from the ideal Schottky
diode behavior (region Il of ideality vs distance curves) and
to discriminate among the results having very low dispersion
(region Il of ideality vs distance curves). Finally, we have
shown that, because relatively small variations on the
mechanical properties of the nanocontact can induce a
dramatic change of its transport properties, a high control
on the formation and rupture of the nanocontact is crucial
to understand electrical transport across it.
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