P Letters

[OPEN ACCESS|
I0P Publishing

J. Phys.: Condens. Matter 30 (2018) 08LTO1 (8pp)

Journal of Physics: Condensed Matter

https://doi.org/10.1088/1361-648X/aaa7ce

Letter

Engineering the spin polarization
of one-dimensional electrons

C Yan!2®, S Kumar!2®, K Thomas'?, P See?, | Farrer*, D Ritchie?,
J Griffiths’, G Jones’ and M Pepper!+

! London Centre for Nanotechnology, 17-19 Gordon Street, London WC1H 0AH, United Kingdom

2 Department of Electronic and Electrical Engineering, University College London, Torrington Place,
London WCIE 7JE, United Kingdom

3 National Physical Laboratory, Hampton Road, Teddington, Middlesex TW 11 OLW, United Kingdom

4 Department of Electronic and Electrical Engineering, University of Sheffield, Mappin Street, Sheffield
S1 3JD, United Kingdom

3 Cavendish Laboratory, J.J. Thomson Avenue, Cambridge CB3 OHE, United Kingdom

E-mail: uceeya3 @ucl.ac.uk and sanjeev.kumar@ucl.ac.uk

Received 18 December 2017, revised 8 January 2018
Accepted for publication 15 January 2018
Published 30 January 2018

®

CrossMark
Abstract
We present results of magneto-focusing on the controlled monitoring of spin polarization
within a one-dimensional (1D) channel, and its subsequent effect on modulating the spin—orbit
interaction (SOI) in a 2D GaAs electron gas. We demonstrate that electrons within a 1D
channel can be partially spin polarized as the effective length of the 1D channel is varied
in agreement with the theoretical prediction. Such polarized 1D electrons when injected
into a 2D region result in a split in the odd-focusing peaks, whereas the even peaks remain
unaffected (single peak). On the other hand, the unpolarized electrons do not affect the
focusing spectrum and the odd and even peaks remain as single peaks, respectively. The
split in odd-focusing peaks is evidence of direct measurement of spin polarization within
a 1D channel, where each sub-peak represents the population of a particular spin state.
Confirmation of the spin splitting is determined by a selective modulation of the focusing
peaks due to the Zeeman energy in the presence of an in-plane magnetic field. We suggest
that the SOI in the 2D regime is enhanced by a stream of polarized 1D electrons. The spatial
control of spin states of injected 1D electrons and the possibility of tuning the SOI may open
up a new regime of spin-engineering with application in future quantum information schemes.

Keywords: spintronics, spin polarization, spin—orbit interaction

(Some figures may appear in colour only in the online journal)

Introduction

There is considerable interest in utilizing the spin of electrons in
future quantum information schemes. The use of semiconductors
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in this regard, with their flexibility, is particularly important
both for spintronics and future information processing. The
spin degree of freedom can most easily be monitored when
electrons are restricted to lower dimensions and in terms of this
the confinement of electrons to two-dimensions (2D) with their
concentration controlled by a gate is extremely useful for such
investigations. Although, the GaAs electron gas is one of the
cleanest semiconductor systems with relatively small spin—orbit
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