Influence of chopped laser light onto the electronic transport through atomic-sized
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This article reports on the inﬂuence of laser irradiation onto the electrical conductance of gold
nanocontacts established with the mechanically controllable breakjunction technique (MCB). We
concentrate here on the study of reversible conductance changes which can be as high as 200%. We
investigate the dependence on the initial conductance of the contacts, the wavelength, the intensity
and position of the laser spot with respect to the sample. Under most conditions an enhancement
of the conductance is observed. We discuss several physical mechanisms which might contribute to
the observed eﬀect including thermal expansion, rectiﬁcation and photon-assisted transport. We
conclude that thermal expansion is not the dominating one.
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Metallic nanostructures with ﬁne tips and sharp edges
are interesting candidates for optical antennae due to
possible ﬁeld enhancement (FE) eﬀects at the parts with
small curvatures and narrow gaps. The excitation of resonant plasmons can amplify the electrical ﬁeld at positions within or close to the nanostructures. The ﬁeld
enhancement in bow-tie shaped metal structures has so
far been calculated and detected by several near ﬁeld optical methods [1] and direct imaging via ablation of the
underlying substrate [2]. Here we address the question
whether FE can be detected in the electronic transport
between two metallic tips connected via an atomic-size
contact. The central part of the device resembles a bowtie [3]. For this geometry to our knowledge no calculations of the magnitude of the FE do exist, however, it
can be assumed that as long as the coupling between the
two electrodes is weak, it should still exist. Such contacts
can be realized via mechanically controllable breakjunctions (MCBs), i.e. free-standing nanobridges with lateral
sizes in the order of 100 nm and bridge lengths of several micrometers, which have been fabricated on a ﬂexible substrate. By bending the substrate the bridge is
elongated and its cross-section is reduced until it ﬁnally
breaks at some position. Just before it breaks the constriction forms a contact with one or a few atoms in cross
section. These contacts represent model systems which
are regularly used for revealing and understanding the
electronic transport properties of atomic scale circuits [4].
Besides this aspect, MCBs can be broken to form electrode pairs with a narrow gap in the order of picometers
to nanometers between two very ﬁne metallic tips. Such
electrodes are used for contacting individual nanoobjects
such as clusters or molecules [5–7].
By irradiation with laser light with a suitable frequency photochromic molecules may undergo conformational changes which may be reﬂected in the electronic
transport properties. Dulić et al. observed a switching

from the ”on” , i.e. low resistance state of a molecular
contact to the ”oﬀ” state by shining light with a frequency which is known to create a conformation change
when the molecules are in solution or deposited in an
ensemble on a surface [8]. However, the switching from
”oﬀ” to ”on” was not observed. The interpretation of
those resistance changes is hampered by the fact that
several explanations are possible for the observation of a
strong resistance increase, among which the breaking of
the contact due to geometry of the electrodes is one of
the most likely scenarios.
In our work we therefore concentrate on the study of
laser illumination onto the metal electrodes alone. Already for this conceptually rather simple device the inﬂuence of the laser light may be manifold. One rather
trivial eﬀect is the geometry change of the tips due to
thermal expansion because of the deposited energy of the
laser pulse. This eﬀect has been shown to be the dominating one for a scanning tunneling microscope (STM)
under pulsed laser light irradiation [9, 10]. However, for
the MCB geometry this eﬀect is expected to be much
smaller due to the very small dimensions of the freestanding bridge arms.
The electromagnetic wave of the laser pulse represents
a high-frequency electrical ﬁeld that is coupled to the
metal bridge. The ac ﬁeld may create an asymmetric
contribution to the dc current for those voltages where
the IVs are nonlinear [11]. Asymmetric irradiation of
the contact might create temperature gradients - and
thus thermo-currents - , or photocurrents. Last but not
least, photon assisted transport (PAT), i.e. the creation
of quasiparticles with an energy ω above the Fermi energy will create a nonequilibrium in the electronic system. This means that high-energetic quasiparticles may
contribute to the transport. Due to the energy dependence of the transmission coeﬃcients of the conduction
channels the resistance of the contact will change [12].
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We will discuss these mechanisms in the light of our
experimental results and come to the conclusion that besides thermal expansion at least one additional mechanism is active.
The samples are fabricated by electron beam lithography along the lines of Ref. 13. The suspended
nanobridges are 2 µm long and 100 nm thick made of
Au with a 200 nm × 100 nm constriction in the center
We use an Argon-Krypton continuous wave (cw) laser
system as light source, which allows us to select one of
several wavelengths in the range between 480 nm and
650 nm. The cw laser beam is fed through a λ2 - Fresnel
rhomb retarder in order to tilt the polarization angle,
and is afterwards chopped to produce light pulses with a
length of 700 µs and a repetition rate of 50 Hz. A beamsplitter in the optical path divides the chopped light. One
part is reﬂected into a photo detector to create a trigger
event, the other part is focussed onto the sample by a
lens. The beam spot on the sample has a diameter of
about 20 to 25 µm, depending on the wavelength.
The sample is mounted on the breaking mechanism inside a UHV chamber with a base pressure of 10−9 mbar
in order to avoid contamination of the breakjunction.
The mechanics are designed such that the position of the
nanobridge remains constant upon bending the substrate
in order to ensure stable optical focal conditions (see below). The UHV chamber is equipped with a fused silicawindow to minimize the change of polarization of the
laser light due to stress birefringence. If not stated diﬀerently, the polarization was chosen parallel to the current
for the measurements presented here. For perpendicular
polarization similar results but with an amplitude that
is smaller by about a factor 2 to 3 are observed. A more
detailed investigation is necessary in order to quantify
the exact inﬂuence of the polarization.
Because of the diﬀerent voltage ranges of the dcvoltage signal (without light) and the small voltage variation due to the LIS during the pulse, it is necessary to
measure the signal across the sample in dc- as well as in
ac-mode in order to get a good resolution in both parts.
The amplitude of the ac-part, caused by each light pulse,
is measured by a sample-and-hold circuit (S/H) with an
integrating ampliﬁer. The acquired amplitude is held and
displayed over the whole chopping period, until the next
light pulse appears. Thereafter the next voltage variation is measured by the (S/H) circuit and held again.
To calculate the conductance variation caused by the incident light, we convert the dc-voltage and the sum of the
dc- and ac-signal (accounting for the ampliﬁcation of the
(S/H) circuit) into conductance and compare the values.
The time resolution of the experiment is limited by the
fact that the chopper is located at a position where the
laser spot is rather large. Thus, the laser intensity rises
and drops on a time scale of 100 µs.
The inset of Fig. 1 shows a current-voltage characteristic (IV) of a contact for a conductance without irradia-

tion of Gi = 10G0 , as indicated by the blue line. At several current values laser pulses with duration τ = 700µs,
λ = 488 nm and power P = 0.85 mW are shed onto
the contact. During the pulse the absolute value of the
voltage measured across the contact is reduced by the
same amount for both polarities. The amplitude of the
laser induced voltage drop is proportional to the current.
Neither current nor voltage oﬀsets nor asymmetries are
observed, indicating that the eﬀect of the light is a bare
change of conductance to Gf = 15G0 as indicated by the
red line. The fact that the conductance change is observed for linear IVs indicates that it is not created by a
rectiﬁcation eﬀect as observed in Ref. 11.
The conductance change is completely reversible and
reproducible for a given contact as demonstrated by shining repeated pulses onto the bridge; G only changes upon
variation of the contact geometry. However, continuous
irradiation of the device with λ = 488 nm for several seconds with a similar power (≈ mW) results in irreversible
conductance changes (not shown), indicating that irreversible atomic rearrangements are triggered by the cw
light.
When elongating the bridge without irradiation, its
conductance G decreases in steps of the order of 1 G0 ,
their exact sequence changing from opening to opening
because the atomic arrangement of the central region differs for each opening process. The typical distance scale
for a conductance change of 1 G0 is the lattice constant,
i.e. a few tenths of a nm. Because of the individual rearrangements it is diﬃcult to draw conclusions from the
behavior of individual contacts or openings. Experiments
on a large ensemble of metallic contacts have demonstrated the statistical tendency of atomic-size contacts to
adopt element-speciﬁc preferred values of conductance.
The actual preferred values depend not only on the metal
under investigation but also on the experimental conditions. However, for many metals, and in particular
monovalent metals like Au, the smallest contacts have a
conductance G close to G0 (Ref. 4).
Also the light-induced signal (LIS) varies from contact
to contact. Therefore, in order to deduce the typical behavior, we simultaneously measure the conductance and
the relative conductance change ∆G/G upon continuously opening and closing the bridge. Fig. 1 gives an
example of such measurements recorded for green light
with λ = 515 nm. The conductance plateaus are not always very well marked. The tunneling regime is diﬃcult
to assess when opening because the contact tip atoms
relax back upon breaking giving rise to strong decrease
in the conductance by several orders of magnitude [4].
In order not to destroy the sample upon breaking we
limit the voltage across the sample which limits the minimum G to 0.3 G0 for the breaking curves. When closing
the contact again, very often the ﬁrst contact after the
”jump to contact” has already a conductance of several
G0 . The LIS is positive throughout the whole opening

process. In some occasions it adopts small negative values in the tunneling regime G  G0 (not shown in this
example). It reaches a maximum with large ﬂuctuations
for G  2G0 . From these observations we shall draw the
important conclusion that thermal expansion alone cannot explain the LIS. In similar experiments but using an
STM instead of a MCB, it has been shown that thermal
expansion is the most important mechanism giving rise
to conductance changes [9, 10].
A priori it is not predictable whether in our geometry
thermal expansion should give rise to an enhancement
or a reduction of the conductance, since the laser spot
also hits the underlying substrate. If the thermal expansion of the nanobridge is larger than the one of the
substrate, the two electrodes are pushed together, if the
thermal expansion of the substrate exceeds the one of
the nanobridge, then the two tips are pulled apart from
each other. Whether the motion of the tips results in an
enhancement or reduction of G depends on the plateau
shape of the conductance trace upon opening: For a horizontal plateau the conductance is constant upon stretching the contact, i.e. changing the bridge length does
not give any conductance change. For negatively declined plateaus, i.e. decreasing G upon stretching, an
elongation of the tips yields an enhancement of G while
positively declined plateaus give rise to a decreasing G
when pushing the tips together. The conductance trace
of Fig. 1 shows horizontal as well as negatively and (only
rarely) positively declined plateaus. Nevertheless, in our
experiments the LIS is almost always found to be positive (see below). Furthermore, the strong exponential
distance dependence of G for vacuum tunneling should
give rise to a large relative conductance change upon irradiation. However, our observed LIS is usually smallest
in this regime. In Fig. 1 we chose an example where it is
particularly large and of comparable size with the signal
for large contacts. Hence, although thermal expansion is
very likely to be present in our experiment, it is expected
not to be the dominating eﬀect for the LIS.
In order to further elucidate the origin of the eﬀect,
we performed statistical investigations of the LIS for different light wavelengths. Fig. 2 depicts histograms of
the relative conductance changes recorded on the same
sample with similar laser power for four wavelengths and
from analyzing between 35 and 170 opening traces each.
The histograms are calculated as follows: For each opening trace the LIS is related to the initial conductance
value Gi without laser irradiation for which it was measured. The average LIS and its standard deviation are
then plotted on a logarithmic scale versus Gi .
As seen from Fig. 2 the signal is largest for blue light
with λ = 488 nm and decreases with increasing wavelength. The LIS also depends on the conductance: it
is largest for few-atom contacts and decreases for smaller
and larger contacts. The G value for which the maximum
signal is observed does not depend systematically on λ.

FIG. 1: Upper (lower) panel: Conductance and light-induced
relative conductance change ∆G/G as a function of time when
opening (closing) the breakjunction continuously. The wavelength was λ = 515 nm and the laser power was P = 1.9 mW
with polarization parallel to the current direction. Inset:
Current-voltage (IV) characteristic of a contact with Gi =
10G0 showing several light pulses with P = 0.85 mW and
λ = 488 nm. During the light pulses the conductance is enhanced as indicated by the guide to the eye showing an IV for
G = 15G0 .

Although for certain opening traces the LIS is negative
in the tunnel regime, the average values plotted here are
positive.
The amplitude dependence of the LIS on λ correlates
with the variation of the reﬂectivity of gold with the
wavelength, which increases from 39% for the blue light
up to 97% for the red light. This means that the deposited energy decreases by a factor of ≈ 20, while the
maximum signal size decreases by about a factor of 40.
The additional suppression of the LIS in the red is in accordance with the predictions of photo assisted transport
[12] (see below.)
Further information about the eﬀect is obtained from
recording a map of the signal size with respect to the position of the laser spot. The maps for blue and red light
for an average conductance of G = 6.5 G0 and polarization perpendicular to the transport direction are shown
in Fig. 3. The laser spot with a diameter of ≈ 20 µm
is much larger than the bridge length, therefore the step
size for the map is set to 10 µm. A clear position dependence is observable for all wavelengths. In Fig. 3 we

absorbed by the substrate. Thus the minimum in the
LIS can be explained by the geometry of the experiment. Contrary, the lack of minimum for the blue light
although the geometry of the experiment is the same
indicates that an energy dependent mechanism is at the
origin of the strong enhancement.

FIG. 2: Histogram of of the light-induced signal ∆G/G vs.
Gi for diﬀerent laser wavelengths λ. The amplitude as well
as the position of the maximum strongly depend on λ.

FIG. 3: Position map of ∆G/G for a (b) λ = 488 nm (648 nm)
for Gi = 6.5 G0 , P = 2.2 mW (23 mW) and polarization
perpendicular to the current. The signal has been determined
by averaging over of 20 (10) consecutive light pulses for each
position. The spatial stepsize is 10 µm. As a guide to the eye
we show the contour of the sample.

superimposed a drawing of the sample geometry with
the recorded LIS. The largest signal is observed when
the center of the laser spot is located on the leads within
a distance of 20 µm from the contact. It is symmetrical
with respect to the contact. For red light a relative minimum is observed right at the position of the contact,
while for blue light the signal is almost constant along
the bridge. More than a diameter of the laser spot aside
of the contact a small negative LIS is observed for the
red light.
These observations can tentatively be explained as
follows: The negative signal when mainly irradiating the
substrate indicates that the eﬀect of thermal expansion
of the substrate tends to decrease the conductance.
Thus, the observed enhancement when the laser spot
does touch the metallic bridge, is due to light coupled
into the metallic bridge. When irradiating the narrow
constriction, only a small part of the laser energy is
coupled into the metallic bridge, but the majority is

A possible explanation could be photon assisted transport reﬂecting the energy dependence of the transmission coeﬃcients of the conduction channels as proposed
by Viljas and Cuevas [12]. The mechanism is such that
the incoming photons are absorbed by individual electrons, creating quasiparticles with energy ω below and
above the respective Fermi energies of both electrodes.
Since electrons on both sides of the constriction are concerned, the quasiparticles may travel in both directions.
The transmission coeﬃcients of the conduction channels
reﬂect the local density of states at the central atom. Although the exact functional dependence of the transmission diﬀers from that of the density of states, the typical
energy scales are identical. For single-atom contacts of
Au it has been predicted that the typical energy scale for
non-negligible variation of the transmission coeﬃcients
is about one to several electron volts [14]. Those quasiparticles have a lifetime in the order of several ten femtoseconds, depending on their energy [15]. It has been
shown that the eﬀective thermalization times are much
longer than the lifetimes estimated from Fermi liquid theory [15–17]. Since furthermore the transport mode of
the highly excited quasiparticles diﬀers from the thermal
ones close to the Fermi edge, it is diﬃcult to determine
a corresponding range or scattering length [15]. A rather
optimistic estimate yields a length in the order of a few
hundred nanometers. This means that only incoming
photons within this distance from the contact are able to
create the high-energetic quasiparticles which give rise to
the conductance change. For photon energies of a few eV,
strong variations of the conductance are thus expected,
the sign of which is not easy to predict because of the particular energy landscape of gold atomic-size contacts [18].
The dominating transmission of the s-band decreases for
smaller as well as for higher energies, but for lower energies the 5d-bands and for higher energies the 6p-bands
start to contribute to the transport. Since no detailed
calculation for gold does exist by now, a quantitative
analysis in terms of PAT is not possible yet.
Because of the short lifetime of the high energetic
quasiparticles one would thus expect to have a maximal
signal closest to the contact, but because of the reduced
lateral size less photons arrive at the metal bridge. For
blue light the increase of the eﬃciency onto the transport
and the loss in number of photons seem to compensate
while for red photons the loss in number dominates. We
speculate that the inﬂuence of the red light with photon energy below the plasma edge and blue light above
it might be of diﬀerent nature. Below ωp  2.5 eV (see

Ref. 19) corresponding to λ ≈ 500 nm a hot electron
sea might be created which distributes the energy among
the plasma electrons, while above ωp the energy transfer
to individual electrons is more likely. Furthermore, the
strong energy dependence of the lifetime yields considerably shorter lifetimes for blue than for red light. Further
experiments are necessary to verify this interpretation.
Nevertheless we would like to mention that the observed
wavelength dependence and amplitude of the signal are
in accordance with this mechanism.
Taking into account the geometry of the sample, the focal cross-section, the intensity of the laser, pulse length,
and the reﬂectivity at a given wavelength we obtain a
rough estimate for the number of created high-energy
quasiparticles per photon. For λ = 488 nm and the contact shown in the inset of Fig. 1 at an applied voltage of
1 mV this value is QE = 10−13 .
We have presented electric transport measurements
carried out on atomic-size contacts connecting the two
parts of a bow-tie shaped optical-antenna geometry under irradiation with laser light. We observe strong conductance enhancements, the amplitude of which strongly
depends on the wavelength of the laser. We discuss several possible mechanisms and come to the conclusion that
besides thermal expansion photon-assisted transport is
most likely at the origin of our observations.
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[11] Möller, R., Albrecht, U., Boneberg, J., Koslowski, B.,
Leiderer, P., Dransfeld, K. (1991) , J. Vac. Sci. Technol.
B 9, 506-509
[12] J. K. Viljas and J. C. Cuevas, cond-mat/0607505
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