Single-electron Transport in Ultra-thin Gold Nanowires
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Abstract

Ultra-thin gold nanowires (AUNWSs) with a diameter of a few nanometers have been produced by wet
chemical synthesis. These AuNWSs, which are difficult to realize with conventional lithography
techniques, could be promising candidates for nanowire-based single-electron devices following carbon
nanotubes and semiconductor nanowires. In this paper, we present the electron-transport data of an
individual ultra-thin AUNW, which exhibits Coulomb blockade effects and spin splitting of single-particle
states in magnetic fields.

Several techniques have been used to synthesize AuNWSs in the last decade, and we employed wet
chemical synthesis [1]. AUNWs with uniform diameters of 2 nm and lengths of up to 100 [Im are
synthesized via the reduction of gold (lll) chloride in an oleylamine matrix and they are coating with
oleylamine as a surfactant. The AUNW devices were fabricated on a highly doped silicon substrate with
a SiO; top layer that was used as a back-gate insulator. Source and drain electrodes were patterned on
the substrate. Then, a few droplets of the solution containing the AuNWs were drop-cast onto the
substrate to connect the AuNWSs to the electrodes. The electrical contact between an AUNW and an
electrode was formed through a layer of oleylamine, which functioned as a tunnel barrier [2]. Low
temperature transport measurements were carried out at *He cryostat. The experimental results reveal
that the device acts as single-electron transistors in which the electrons though the quantum dots flow
one by one. Figure 1 shows the color scale plot of the differential conductance (dl/dVsy) as a function of
source-drain voltage (Vsq) and gate voltage (Vy) at 230 mK. Regular Coulomb diamonds such as
triangle-shaped were observed. At the Conference, we will provide a detailed report of the transport
characteristics of the AUNWSs as QDs.
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Fig. 1. A color scale plot of the differential
conductance (dl/dVgy) as a function of
source-drain voltage (Vsg) and back gate
voltage (Vq), measured at 230 mK.
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