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ABSTRACT

Short chains of Auss(PPh3);,Cls clusters were generated between tungsten tips on an SiO, surface, and their electrical behavior was studied.
The clusters were deposited from solution by applying a voltage of 2 V between tips of 30 nm in distance. Current—voltage (I-V) measurements
of the nanowires showed Coulomb blockades at room temperature in the region between —0.5 to +0.5 V, demonstrating quantum dot character
and single electron transistor (SET) behavior, respectively.

Single-electron tunneling at room temperature in nanometer 1.4 nm gold core, enveloped by a shell of 0.35 nm phosphine
sized particles has developed to promising techniques formolecules, trapping the electrons in a quasi zero-dimensional
future nanoelectronics?® Independent of the kind of ap-  (0OD) volume, with the consequence that the physical behavior
plication, the three-, two-, or one-dimensional organization of such clusters follows quantum mechanical rules instead
of the particles is an unrenounceable condition. Two- of classical physical laws. The quantum dot behavior of these
dimensional (2D) arrangements of perfectly orderedsAu clusters has been studied intensively since they were
clusters have been described by’#&For one-dimensional  synthesized ca. 20 years agé. The experiments were
(1D) arrangements we are just developing novel strategiescarried out by dipping the electrodes bearing wafer sample
by the use of functionalized polymers and DNA or by special in a dichloromethane solution of [Ag], followed by the

procedures related to LangmuiBlodgett technique¥ application of a constant voltage ranging between 0.5 and
However, the generation of 1D arrangements of clusters in2.0 V for different time scales. Figure 2 elucidates the
the 1-2 nm range is still a strong challenge. experiment.

To approach this goal we used an electric field to trap  As is known since 1988} [Auss] clusters in dichloro-
clusters between electrodes. The device consists of thregmethane solution show electrophoretic behavior. Owing to
tungsten electrodes, fabricated of a 25 nm thick tungsten layerthis property, they can be positioned between the two
on a silicon wafer with a 80 nm thick thermal oxide using contacts used in this experiment from the solution. The
an electron beam lithography process based on a negativéeason for this may be seen in the high density-@lectrons
resist and a SFRIE etch technology (Figure 1). The in the ligand shell and the presence of partially negatively
minimum feature size is about 50 nm, and the distance charged chlorine atoms.
between two contacts varies between 20 and 50 nm with a Numerous deposition experiments showed the reproduc-
80 um x 80 um contact pad on each lead. ibility of the procedure. The cluster concentration in the

Aus{(PPh)1.Cls [Auss clusterd23were used to generate ~ solution, the applied voltage, and the deposition time turned

cluster chains between the tips. These clusters consist of &ut to be critical parameters to obtain cluster chains between
the two nanoelectrodes. The concentration of the cluster

* Corresponding authors. E-mail: guenter.schmid@uni-essen.de; cvr@ SQ'U“O” can be measured by the Current_thrOUQh a C_OnStant
infotech.tu-chemnitz.de. distance under a constant voltage. It is not possible to
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Figure 1. Complete nanostructure with contact pads (the inset is nanostructured with three nano tips).

Nanopad Augs(PPhy),,Clf
H,Cl

Figure 2. Sketch of the experimental conditions to deposit clusters
from solution between contact pads.

calculate the cluster concentration due to the very low s
concentration. The optimum concentration was adjusted to
give a current between 1®and 10'° A between the contact
pads. Higher concentrations resulted in the formation of
cluster mono- or multilayers. Even the formation of micro-
crystals could be observed. -

Figures 3a and 3b show SEM images of the tungsten tips &
before and after cluster deposition. Complete chains of up
to 10 clusters between both electrodes can clearly be
recognized, in addition to some not fully connected ones.

These cluster chains were obtained at 2 V, a deposition
time of 240 s, and a tip distance of about 30 nm. SEM does
not allow to determine the very exact particle size. However,
the observed averaged particle size of ca. 3 nm is in relatively
good agreement with the expected size of about 2.5 nm,
regarding the strong noise on the Si€urface.

The -V curve of the sample shown in Figure 3b is

Coulomb blockades in the region betweef.5 to+0.5 V,
in agreement with results in other publicaticrs.

In some cases we observed asymmetricaV/ Icurves, Figure 3. SEM image of the tungsten nanocontact before (a) and
indicating a diode behavior as seen in Figure 5. This effect after (b) Aus cluster deposition.
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Figure 4. 1-V curve at room temperature.
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Figure 5. Diode behavior at room temperature.

We have demonstrated for the first time that short chains
of Auss(PPh)1.Cls clusters can be organized between
tungsten tips on an SiGurface. The clusters are deposited
from a CHCI, solution by applying a voltage at the tips of
0.5to 2 V for 46-120 s. These quantum dot wires exhibit
well-pronounced Coulomb blockades betweeh5 to+0.5
V at room temperature. From these investigations it follows
that Auss clusters, which can also be equipped by ligand
shells other than the one used here, act as single-electron
transistors at room temperature, as has already been shown
for single clusters of the same type.
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