Random telegraph noise as a signature of metal-insulator crossover
in self-assembled mesoscopic systems: experiment and modeling
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Vertical and in-plane electrical transport in InAs/InP semiconductors nanostructures —mainly
wires and dots, Fig. 1— have been investigated by conductive atomic force microscopy (C-
AFM)™ and electrical measurements at low temperatures in processed devices. Spatially
resolved current images and localized I-V curves are obtained with C-AFM technigue in a
controlled atmosphere at room temperature and provide information about vertical transport
across the nanostructures. The devices were processed by electron-beam lithography in order
to access the in-plane conductance of an assembly with a reduced number of nanostructures.
On these devices, fluctuations on I-V curves at low temperatures (<40K) are observed in
subsequent acquisitions, see Fig. 2. At these low temperatures and for a suitable range of
constant applied voltages the signature of random telegraph noises (RTN)? in the current
behavior with time is observed (Fig. 3). For dot assemblies a RTN with two levels was
observed in the electrical current. In this case, up and down times vary with the temperature
and applied voltage. For the wire-and-dot system large RTN times were observed. These
levels for electrical current can be associated to electrons removed from the wetting layer and
trapped in dots and/or wires. This behavior is consistent with the energy values for the onset
of current fluctuations and correlate well with C-AFM and I-V results for individual
nanostructures.’) The RTN evidences the relevance of a relatively small number of structures
(dots and/or wires) in the transport for a certain range of temperatures. The amplitudes of the
noise, as well as the time scales can be associated to other sample characteristics, e.g. energy
levels and structure sizes, by means of phenomenological models.

A crossover from conduction through the continuum, associated to the wetting layer, to
hopping within the nanostructures is observed with increasing temperature. For low
temperatures, semiconductor or metallic-like transport behaviors can be seen at low and high
applied voltages, respectively (Fig. 4). For larger temperatures, however, a T 2activated
behavior can be observed: this dependence is usually attributed to constant range hopping
transport! and suggests an important contribution of carriers trapped in localized states of the
nanostructures for the current in the device.
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Fig. 2: I-V curves at low temperatures for

processed devices with dots. Fluctuations are

observed in subsequent acquisitions.
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Fig. 1: Topographical AFM images
of InAs grown nanostructures (a)
dots. (b) wire-and-dot. Images sizes
are 1x1um?.
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Fig. 3: Current vs time behavior for dots in a

processed device. Switching between high

and low levels indicates a signature of RTN.

Fig. 4: Temperature dependence of the
current for the processed devices (with dots)
for a set of applied voltages.
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