Accepted Manuscript

Conductance nonreciprocity on the surface of a topological insulator with magnetic
electrodes

Yuriy G. Semenov, Xiaopeng Duan, Xi-Lai Li, Ki Wook Kim

PII: S0022-3697(17)30361-X
DOI: 10.1016/j.jpcs.2017.07.020
Reference: PCS 8138

To appearin:  Journal of Physics and Chemistry of Solids

Received Date: 27 February 2017
Revised Date: 19 June 2017
Accepted Date: 20 July 2017

Please cite this article as: Y.G. Semenov, X. Duan, X.-L. Li, K.W. Kim, Conductance nonreciprocity on
the surface of a topological insulator with magnetic electrodes, Journal of Physics and Chemistry of
Solids (2017), doi: 10.1016/j.jpcs.2017.07.020.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jpcs.2017.07.020

Conductance Nonreciprocity on the Surface of a
Topological Insulator with Magnetic Electrodes

Yuriy G. Semenov, Xiaopeng Duan, Xi-Lai Li,

Department of Electrical and Computer Engineering, North Carolina State University,
Raleigh, NC 27695, USA
and Ki Wook Kim

Department of Electrical and Computer Engineering, North Carolina State University,
Raleigh, NC 27695, USA

Department of Physics, North Carolina State University, Raleigh, North Carolina 27695,
USA

Abstract

Asymmetric electrical conductance is theoretically demonstrated on the sur-
face of a topological insulator (TI) in the limit of infinitesimally small forward
and reverse biases between two spin selective electrodes. The discontinuous be-
havior relies on the spin-momentum interlocked nature of TI surface electrons
together with the resulting imbalance in the coupling coefficients between the
electrodes and TT surface states. The analysis is based on a transmission matrix
model that, in combination with a phenomenological treatment for the diffu-
sive limit, accounts for both ballistic and scattered paths simultaneously. With
the estimated conductance asymmetry over a factor of 10, implementations in
the ratchet-like applications and low-voltage rectification circuits are potentially
practicable.
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1. Introduction

At the very dawn of semiconductor electronics, the two-terminal rectifier or
diode was known as the device that breaks the conductance invariance with
respect to the electric current (or bias) reversal. The significance of this non-
linear property along with the simple physical implementation has made major
impacts on all areas of electronics including the information processing, com-
munication, and power systems. On the other hand, the rectification effect in a
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