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I. INTRODUCTION 
The investigation of ultrathin metal nanowires (NWs) has been 

widely discussed from the point of view of theoretical and 
experimental studies due to their unique transport properties. In 
most technologies, the ultrathin NWs can be produced with a short 
length and usually they are not stable1,2. They maintain 
functionality only for a short period of time and require 
sophisticated conditions like ultrahigh vacuum for storage. 
Recently, a new approach was reported for the fabrication of 
ultrathin gold NWs. It enables synthesis of chemically stable NWs 
with a width of 2 nm and a length of several microns3. They are 
promising candidates for investigating electrical properties of 1D 
metal conductors and for usage in nanoscale electronics as 
contacts between functional elements. However, the development 
of high-quality nanoscale electronic devices is still challenging. 
High signal-to-noise ratio and structural performance are the main 
requirements for many applications, including biosensors and 
molecular electronics. 

Since nanowires are usually produced by wet chemical 
synthesis, organic molecules on the interfaces between NWs and 
contacts can strongly influence their electrical properties4. This 
allows investigation of the junction properties of molecular layers. 
Studies of electron transport in such nanowires have already been 
performed at room5, 6 and low4 temperatures. At the same time, 
noise spectroscopy provides useful information, complementing 
electrical characterization. So far, determining the transport 
properties in ultrathin gold nanowire structures has not been 
reported. 

Here, we present the results obtained for bundles of Au NWs 
using the noise spectroscopy technique and we consider the 
influence of molecular interfaces on the transport properties of 
NWs. An analysis of different noise components in different 
systems provides insights into the processes of charge transport in 
fabricated device structures. Therefore, the properties of molecular 
interfaces between Au NWs and contacts can also be studied by 
analyzing the peculiarities of noise behavior in such systems.  

 

II. MATERIALS AND METHODS 
The samples studied were bundles of ultrathin gold nanowires 

(Au NWs) obtained by wet chemical synthesis4. The SEM image 
of the studied structures is shown in FIG. (1). After fabrication of 
the gold contacts, the ultrathin Au NWs were assembled over 
these electrodes to investigate the transport and noise properties of 
the structures. The NWs usually  had diameters of about 2 nm and 
were several micrometers in length. 

The schematic of the measurement setup is shown in FIG. (2). 

 

 
 
FIG. 1 SEM image of investigated Au NW structure. 
 
 
 
     This setup was used for both I-V characterization and noise 
spectra measurement. The voltage applied to the sample from a 
rechargeable battery was tuned by an adjustable resistor of 
2 kOhm. The sample was connected in series with a high-
precision variable resistor LoadR . The latter was used to evaluate 
current flowing through the sample. 
    The drain current of the Au NWs can be calculated using the 
difference between the voltages, measured by two voltmeters by 
the formula /d m s LoadI V V R/m s LoaV V R/m s Lm s L/ . Here Vm is  the total voltage 
on sample plus load, Vs is the voltage on the sample. The noise 
spectra were measured at several working points of the I-V 
curve. 
 

 
 
 
FIG. 2 Schematic of the noise measurement setup. 
 
 



 

 
UPON 2015, BARCELONA, JULY 13-17 2015                                                                                                                          2 
 

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

I (
 

A
 )

Vsample ( V )

 
For the noise measurements, voltage fluctuations in Au NW 

structures were amplified by a low-noise amplifier developed in-
house ( 24 dB , input noise 22.2 /nV Hz at 100 Hz ) and then 
amplified by a Stanford low-noise voltage amplifier SR560. The 
noise signal was registered by a HP35670 dynamic parameter 
analyzer and then transferred via GPIB interface to a PC. The 
measurements were performed at room temperature in a shielded 
environment. 
 

III. RESULTS AND DISSCUSSION 
The current-voltage characteristic of the investigated sample is 

shown in FIG. (3).  
 
 

 
 

 

 
 
 
 
 
 
 
 
FIG. 3. Typical I-V characteristic of Au NW structure. 
 
 
 
      I-V characteristic demonstrates quasi-linear behavior, which 
can be explained by a significant increase in the role of thermally 
activated processes in charge transport at room temperature4. 
 

The noise spectra have several components: thermal, flicker and 
generation-recombination (GR). These components were extracted 
by fitting and then analyzed. Flicker noise spectral density  
multiplied by frequency is proportional to current squared (shown 
in FIG. (4)). This dependence reflects that transport in the NW 
structure demonstrates ohmic behavior and an absence of 
nonlinear processes in the system. 

 
 
 

 
 

FIG. 4 The dependence of current spectral density of flicker noise 
multiplied by frequency vs current squared. 

 
 
An analysis of noise spectra demonstrated several (about four) 

GR components, which is not typical for pure gold nanowires7, 8. 
Therefore the Lorentzian-shaped components are the result of 
processes at the interface between gold nanowires and contacts. 
The frequencies of the Lorentzian-shaped components are mostly 
independent of the drain bias, which excludes self-heating of the 
NWs. The GR noise components may be explained by taking into 
account the molecular layers covering the Au NWs. Indeed, the 
synthesis of nanowires was performed in oleylamine solution, a 
lipidic molecule, which assists the growth of nanowires and due to 
its nature can form a channeled micellar structure. However, at the 
same time, these molecules are self-assembled on the surface of 
the grown structures. The presence of such a layer influences the 
electrical properties4 of the structures and also leads to the 
appearance of GR components in the noise spectra. The physical 
origin of registered GR noise components is discussed. 

IV. CONCLUSIONS 
We studied the specific noise properties of bundles of ultrathin 

gold nanowires obtained by wet chemical synthesis and contacted 
with gold electrodes. The peculiarities of noise behavior were 
explained by the presence of an interface layer between NWs and 
contacts. It was shown that the noise components as well as 
electronic properties were strongly affected by the organic 
monolayers assembled on the surface of the nanowires. This new 
approach can be used to study properties of the molecular thin 
layer by analyzing the peculiarities of electronic transport and 
noise in such systems. 
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