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Phase-operation of Conduction Electrons  
by Nm-scale Scattering

Keywords : Wave nature of electron, Scanning tunneling microscope

As a next-generation computer, the quantum computer, which utilizes quantum  

superposition of some quantum states, is awaited.

Then, in order to use an electron charge as the qubit, a quantum gate device for  

operating/controlling wave nature of electrons is absolutely necessary.

In order to propose a phase-operation technique for conduction electrons in solid, we  

have investigated, using scanning tunneling microscopy (STM), an atomic-scale  

electron-scattering phenomenon on a 2D subband state formed in Si.

 We have investigated the atomic-scale scattering  

phenomenon on a 2D subband state formed in Si by  

using STM.

 We have proved the atomic-scale potential scattering

with a  point defect enables phase-operation for 

conduction  electrons.

 We propose a phase-operation technique for

conduction electrons in solid.

 This result will assist in the development of electron  

devices utilizing the wave nature of electrons, such as  

quantum logic devices.

Katsumi Nagaoka, Nano-System Field

E-mail : NAGAOKA.Katsumi●nims.go.jp
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Fig. 1 dI/dV image around the point defect. Fig. 2 Experimental scattering phase-shift dispersion  

as a function of the energy from the subband bottom.

We investigated Si(111)-β-√3x√3 Bi surface by using the STM. Only when the p-type wafer was used for the  

substrate, the standing-wave patterns were observed around surface defects in the dI/dV images (Fig. 1).

It clearly indicated that the standing-wave pattern originated from the 2D subband state formed in the space  

charge layer of Si. The dispersion of the scattering phase-shift by the potential of the single surface point-defect  

was well-explained by a simple 1D model with the appropriate height and radius of its scattering potential: 0.62 eV  

and 0.59 nm, respectively (Fig. 2).

This result shows that the atomic-scale potential scattering via the point defect is available for phase-operation of  

conduction electrons in solid.

Incident energy [eV]

• K. Nagaoka et al., Applied Physics Letters 104, 111602 (2014).

• K. Nagaoka et al., e-J. Surf. Sci. Nanotech. 12, 217 (2014).

—320 —


