EPSRC DTP funded PhD Studentship

Project Title: 2D-heterostructure devices for nanoscale quantum Sensing

Primary Supervisor details: Dr Isaac Luxmoore

Additional Supervisory team details:
Prof David Wright

Department: Physics and Astronomy

Location: Physics Department, Streatham Campus

PhD Programme: PhD Physics

Project Description:

Precision measurement underpins science and technology, and novel sensors that push the
fundamental limits of accuracy and precision are required for applications ranging from
nano-electronics to medical imaging. Colour centre defects in the two-dimensional
semiconductor hexagonal boron nitride (hBN) have atom-like electronic transitions that can
be probed with optical and microwave techniques [1,2], and thanks to a spatial extension on
the scale of the atomic lattice, they can provide an exquisite probe of their local
environment. This project will develop an integrated microwave and photonic platform to
control and investigate spin based sensors in 2D materials [3]. Nanophotonic computational
design will be used to optimise the optical interface and the hBN sensing element will be
integrated with other 2D materials to develop electrical spin-initialisation and/or readout.
The ultimate aim is to build a new generation of sensors with the highest possible sensitivity
and spatial resolution, and to apply nuclear magnetic resonance techniques for single-cell
analysis, surface chemistry and point-of-care medical analysis.

The project will include a collaboration with the Quantum Materials Team at the National
Physical Laboratory (NPL), who will provide access to their precision measurement facilities,
including a low-temperature 4-probe scanning tunnelling microscope, which will aid the
calibration and qualification of the quantum sensors developed in this project. NPL will also
provide access to their Post Graduate Institute for Measurement Science, which will provide
additional, industrially relevant training, from world leaders in measurement science.


https://engineering.exeter.ac.uk/people/profile/index.php?web_id=ijl203
mailto:david.wright@exeter.ac.uk

Signal frequency (GHz)

0 0.1 24 25 26 2.7
hBN flake (b)lf '
m ¥
/-'\’ 3%
. x T =0.3u

O e NWaOD
Sensor response (%)

Drive parameter

y\ Plasmonic antenna :
- ‘ 0.1 0 01 01 _ 0 0.1
Coplanarz array 20 pm Signal Detuning, Signal Detuning,

waveguide ——- w— o, - Q2 (GHz) o, - w, (GHz)

Figure 1. (a) Dark-field optical microscope image of a hexagonal boron nitride (hBN) flake on
a microwave coplanar waveguide [1]. The hBN flake hosts spin defects which act as
nanoscale magnetic field sensors. (b) Using optical and microwave excitation techniques [2],
the spin defects can be used to sense AC-magnetic fields [3].
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