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Nanotechnology derives both its promise and its difficulties from inherently nanoscale phenomena, 
which bring attendant challenges in characterization. Nanoscale metallic wires serve as a prime 
example, where simultaneous electrical and structural characterization pushes the boundaries of 
established techniques. For example, electrical measurements of nanowires drawn from a metallic 
surface using a scanning tunneling microscopy (STM) tip is possible, although structural 
information about the wire cannot be collected simultaneously [1-4]. Conversely, while the structure 
of nanowires formed by controlled electron-beam melting is accessible, it is cumbersome to attain 
electrical properties of the same nanowire [5]. However, the incorporation of an STM in a 
transmission electron microscopy (TEM) holder has enabled the electrical and atomic resolution 
structural analysis of a particular metal nanowire to proceed simultaneously [6]. Such a system has 
revealed, for example, quantized conductance in nanoscale gold wires [7-9], but very little work has 
done with other non-noble metal systems [10]. 
 
Employing a commercially available TEM-STM holder, we have applied this method to the 
investigation of the structural and electrical properties of Cu nanowires. Using conventional 
phosphoric acid electropolishing, Cu wires were thinned to a diameter of ~100 nm (Fig. 1). Initial 
electrical contact using the TEM-STM holder resulted in a nonlinear response, suggesting the 
presence of an oxide or phosphide layer on the surface of the copper, although the EDS spectrum 
found no residual phosphorous contamination on the tip of the wire (Fig. 2). This barrier was 
overcome by applying a brief high bias pulse in conjunction with a forceful physical contact 
between tip and sample. After an Ohmic connection was made, the electron beam was used to 
irradiate the edges of the wire and further thin the wire. The result is shown in Fig. 3 with a wire 
necked down to about ~10 nm. The electrical characterization of this wire is shown in Fig. 4, which 
corresponds to a Sharvin resistance of ~40 Ω, slightly higher than the expected value of 11 Ω, but 
consistent with reported values for gold nanowires (~40 Ω for a 7.1 nm wire [8]). Crystallinity is 
preserved on either side of the necking region, but is difficult to determine whether the neck itself 
remains crystalline or the electron irradiation has distorted the structure of the material. The use of 
high resolution EELS to identify the possible migration of any incorporated impurities and influence 
of irradiation on the oxidation state of the metal will be discussed.   
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Fig. 1. Secondary  electron image of
Cu wire narrowed to 100nm diameter
using a phosphoric acid electropolish. 

Fig. 2. EDS spectrum of a Cu wire post-
electropolishing. No residual
phosphorous contamination is evident. 

Fig. 3. TEM micrograph of a copper
nanowire being electrically tested.
Crystallinity preserved on either side of
the neck, although the neck itself may
have suffered damage from irradiation. 

Fig. 4. Ohmic electrical response of a ~10 nm
diameter wire (R~40 Ω). While slightly
higher than predicted (~11Ω), this value is
consistent with previous observations in gold
nanowires.
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