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Single-Electron Transistors and Applications

Sutee Sampan-a-pai’ and Supachai Ritjareonwattu

ABSTRACT

The state-of-the-art technology can be used to fabricate nanoscale electronic devices.
The nanoscale electronic device does not show the same behavior as a traditional electronic
device, but exhibits the quantum phenomena. In the nanostructure, an isolated part, so-called
“island”, is connected to an external electrode via a tunneling junction. With this nanostructure
and connection, the discreteness of electron states leads to the coulomb blockade phenomenon.
This quantum phenomenon can be used to control a single electron in various single-electron
devices, such as single-electron boxes and single-electron transistors.

To produce the coulomb blockade effect, the structure of single-electron devices
must be consisted of tunneling junctions, capacitive junctions, islands and electrodes which are
connected to external leads. The voltage is applied to the gate electrode to control the increase or
decrease of a single electron in the island. A single-electron box has the simplest structure among
these devices. However, the structure of single-electron boxes is impractical for utilization.
In contrary to the box, the simple structure of single-electron transistors does not trap the
electron inside their island. With its passable structure, the transistor can be used in practice.
This article therefore focuses on the mechanism of single-electron transistors, as well as their
main applications. The single-electron transistor not only consumes low energy, but also has
high sensitivity to the electric field. They are thus used in various applications, such as
supersensitive electrometers and single-electron logic gates. However, some further research and

development are needed to commercialize these single-electron devices.

Keywords: Single-electron box, Single-electron transistor, Coulomb blockade, Supersensitive

electrometer, Single-electron logic gate

Theoretical Condensed Matter Physics Research Unit, Department of Physics, Faculty of Science, Mahasarakham
University
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