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Abstract— Samples containing tunable cross-section gold 
nanojunctions were fabricated using advanced cleanroom 
technology. Low-frequency noise spectroscopy was applied to 
study peculiarities of the noise behavior of bare samples and 
those modified by organic molecules at low-voltage biases. 
Normalized noise power spectral density SI / I 2 dependencies on 
the junction resistance (R) were analyzed. Before the break of the 
junction, noise power spectral density was found to scale 
proportionally to R2. It is shown that after modification of the 
sample by 1, 4-benzenedithiol (BDT) the noise level decreases in 
the ballistic regime of conductance. The results of this work are 
valuable for improving basic knowledge about nanoscale 
conductors as well as for the development of molecular 
electronics. 
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I.  INTRODUCTION 
Low-dimensional functional devices are attracting 

significant attention nowadays. Their outstanding properties 
are important for fundamental research and practical 
applications. The increased surface-to-volume ratio allows their 
applications in biosensors. 

With the scaling down of the sizes of electronic devices, 
understanding the charge transport through atomic-scale 
channels is becoming especially important due to a number of 
new promising effects. Moreover, the development of 
molecular electronics, with subsequent use of molecules as 
active elements of circuits, demands an understanding of the 
fundamental mechanisms of charge transport in molecular 
systems. The first theoretical prediction of the possibility of 
using a single molecule as a rectifier was made by Aviram and 
Ratner as long ago as 1974 [1]. Since that time, molecular 
electronics has developed rapidly over the course of several 
decades. Nowadays applications of this field cover a broad 
range of functional devices, such as molecular wires, resistors, 
three-terminal devices and switches [2]. 

At present, many theoretical methods and practical 
techniques have already been developed to predict and measure 
the transport properties of molecular systems. Studies at single 
molecule level play a particular role in this field, since they 
allow studying the properties of elementary parts of more 
complicated molecular systems. The most promising way to 
investigate a single molecule of interest is to anchor it between 
metal electrodes. Precise two-terminal measurements of 
electrical properties of single molecules can be performed 
using the mechanically-controllable break junction (MCBJ) 
[3]–[14], conducting mode atomic force microscopy (C-AFM) 
[15], or scanning tunneling microscopy (STM) [16] techniques. 

Electrical properties at the nanoscale differ from those of 
bulk material. Analysis of the noise behavior can provide 
additional information about transport mechanisms in the 
system studied [17]. For metallic thin films and nanosized 
conductors, the normalized noise power spectral density (PSD) 
was found to have a power dependence on the system 
resistance [18]–[22]: 
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Here SI denotes current noise power spectral density, I – 
current, R – resistance of the system and m is the exponent. The 
transport mechanism determines the low-frequency noise 
behavior. In cases where the characteristic sizes of the device 
shrink to the mean free path of charge carriers, transport 
behavior changes from diffusive to ballistic. This change can 
also be observed by the change in noise behavior [22].  

In this work, we present analyses of flicker noise behavior 
in the low-frequency range (10 Hz ÷ 1 kHz) for tunable cross-
section gold nanoconstrictions (NCs). We consider the 
influence of modification of the sample with organic molecules 
(1, 4-benzenedithiol, BDT) on noise behavior. Based on 
analyses of the experimental results, we found that in the 
diffusive regime the presence of a molecular layer has no 
influence on noise behavior in the system studied. However, in 
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the ballistic regime the normalized noise power spectral density 
level decreases in the presence of BDT molecules in 
comparison to bare gold samples. We attribute this observation 
to an increase in the surface sensitivity of the nanoconstriction 
to the molecular surrounding due to an increase in the surface-
to-volume ratio because of elongation during the bending 
process. 

II. EXPERIMENTAL DETAILS 

A. Fabrication Procedure 
The samples studied were suspended gold 

nanoconstrictions, fabricated on the basis of flexible substrates 
at the Helmholtz Nanoelectronic Facility (HNF) of 
Forschungszentrum Jülich. As substrates we used stainless 
steel pieces of rectangular form (width = 1cm, length = 5cm, 
thickness = 0.15mm). Before processing, the substrates were 
cleaned in acetone and then in isopropanol in order to remove 
organic residuals and particles from the surface. Cleaned 
samples were passivated by spin coating of two layers of 
polyimide (PI2611). After passivation, we spin-coated two 
layers of e-beam sensitive resist (polymethyl methacrylate 
PMMA 649.04, PMMA 679.04) and patterned structures using 
e-beam lithography. Gold deposition was performed followed 
by a lift-off procedure to form both a fine NC pattern and large 
contact pads simultaneously. The last and most critical step 
was reactive ion etching (RIE), used to obtain a freestanding 
golden bridge. A scanning electron micrograph of one of the 
samples under study is shown in Fig. 1. 

B. Noise Measurements 
We used our homemade advanced experimental setup to 

perform noise measurements. A schematic picture of the setup 
is shown in Fig. 2. Noiseless voltage power supply (the lead 
acid battery) was utilized for applying a bias to the sample 
studied. Current fluctuations on the terminals of the sample 
were first amplified by our homemade ultra-low-noise 
preamplifier (2.2×10-18 V2/Hz at 1 kHz) and then by a 
commercial Stanford SR560 low-noise amplifier (2.4×10-17 
V2/Hz at 1 kHz). The amplified noise signal was registered by 
an Agilent 35670A parameter signal analyzer and transferred 
by GPIB interface to the computer for further analysis. A full 
description of the noise measurement setup can be found 
in [13]. 

By fine bending of the substrate, we tuned the cross-section 
of the golden nanoconstriction in a controlled manner and 
therefore changed the resistance of the sample precisely. After 
stabilization of the system at a certain junction resistance value, 
we measured low-frequency noise spectra in the range of 
10 Hz ÷ 1 kHz. 

III. RESULTS AND DISCUSSION 
Typical normalized current noise power spectral density 

graphs for a bare gold sample are shown in Fig. 3. The noise 
exclusively follows the 1 / f α behavior (α ≈ 1) in a defined 
frequency range both before and after breaking of the sample. 
The normalized noise PSD shows power dependence on the 
junction resistance (black squares in Fig. 4).  

 

Fig. 1. Typical SEM micrograph of the suspended nanoconstriction of the 
sample under study. 

Noise measurements were also performed on samples 
modified with BDT molecules. Flicker noise remained the 
dominant component in the noise spectra; however, under 
certain conditions (e.g. sample resistance, applied voltage) 
some peculiarities in the form of Lorentzian-shaped noise 
components were resolved. This observation is in agreement 
with the data we obtained for ultrathin gold nanowire structures 
[13]. Detailed analysis of these features requires additional 
studies. Further discussions will be focused on investigations 
of flicker noise behavior in diffusive and (quasi-) ballistic 
transport regimes for samples with and without BDT 
molecules. 

In the low-ohmic region, where the diffusive regime of 
charge transport takes place, flicker noise power scales 
quadratically with the junction resistance. For the sample 
resistances in the range 1

0R (4G ) , the presence of a 
molecular layer has no influence (red triangles follow black 
squares in Fig. 4) on the flicker noise level of the system. Here 
G0 – is the quantum conductance. One of the reasons for such 
behavior is that current noise is a result of conductance 
fluctuations, arising from different physical processes. A local 
increase in current density or field strength results in an 
increase of resistance and 1/f noise. In a low-ohmic regime, 
molecular contribution to overall sample conductance is 
negligibly small, since the resistance of the molecules studied 
is much higher than the resistance of the gold wire, or even a 
single atomic chain [3], [23]. Therefore, they do not influence 
noise behavior significantly. In addition, the amount of 
electrons in metal is too high to register surface changes, which 
may be caused by the covering molecular layer. 

 

Fig. 2. Schematic of noise measurement setup 



 

 

Fig. 3. Typical normalized noise spectra of the sample studied before 
breaking of the junction. 

At higher resistances, 1 1
0 0(4G ) R G   , for samples 

modified with BDT, we observed a decrease in the flicker 
noise amplitude compared to bare gold samples with the same 
resistances (see Fig. 4). We propose the following qualitative 
explanation for this phenomenon. When characteristic sizes of 
the suspended nanoconstriction are reduced to the mean free 
path of electrons (~4nm in gold at room temperature, [24]), the 
charge transport mechanism becomes ballistic. In this regime, 
NC is noiseless and fluctuations only arise from scattering 
events in contacts. The surface-to-volume ratio increases with 
elongation of the NC. This results in an increase of the 
structure sensitivity to the molecular surrounding. The 
additional molecular layer may decrease fluctuations in the 
system by a stabilization provided by covalently bound 
molecules and therefore reduce its noise level. 

IV. CONCLUSIONS 
We fabricated tunable gold nanoconstrictions using 

advanced cleanroom technology. The characteristic features of 
noise behavior are studied for bare gold and 1, 4-
benzenedithiol modified samples in a low-bias regime. Before 
the junction break, the amplitude of the flicker noise 
component scales proportionally to the squared resistance of 
the junction. Surface modification with organic molecules 
affects the noise properties of the system. In the ballistic 
regime, in a resistance range corresponding to 

1 1
0 0(4G ) R G   , samples modified with BDT demonstrate 

lower values of normalized flicker noise in comparison to bare 
gold samples. We attribute this effect to an increase of the 
surface sensitivity of the junction due to an increase in the 
surface-to-volume ratio during the bending of the sample and 
to an additional stabilization of the sample by covalently bound 
molecules. 

 

Fig. 4. Normalized current noise spectral density, taken at frequency 
f = 100 Hz as a function of the sample resistance. Dashed line separates data 
points corresponding to closed (left side) and broken (right side) junction. 
Black squares show data obtained with the bare junction while red triangles 
correspond to the case of the presence of BDT molecules. Points of interest 
are depicted in  a larger size for clarity. 
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