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Electron Spin Resonance of Individual Spins in Solids 
 

The detection and characterization of paramagnetic species by electron-spin resonance (ESR) 
spectroscopy has numerous applications in chemistry, biology, and materials science. Most 
ESR spectrometers rely on the inductive detection of the small microwave signals emitted by 
the spins during their Larmor precession into a microwave resonator in which they are 
embedded. The best spectrometers so far are able to detect typically the presence of 107 spins 
in a single experimental sequence.  
Since a few years, within the framework of an ERC project, we are engaged in a research 
program that aims at improving enormously the sensitivity of ESR spectroscopy, using 
superconducting micro-resonators of very high quality factors and ultra-low-noise microwave 
amplifiers based on Josephson junctions (called Josephson Parametric Amplifiers or JPA), 
cooled at 10mK in a dilution refrigerator. A patent has been deposited on this idea.  
In 2014-2015, using bismuth donors in silicon coupled to an aluminum micro-resonator, with 
a JPA to amplify the signal, we have already demonstrated the detection of 1700 spins with 
unity signal-to-noise ratio, which constitutes a gain of 104 in sensitivity compared to the 
state-of-the-art [1,2]. 
The goal of the internship is to go further than these first experiments, and to reach the 
sensitivity to detect individual spins. The extra 3 orders of magnitude sensitivity gain that 
we need to gain will be obtained by scaling down even further the resonator transverse 
dimensions, by introducing a narrow short constriction of length 200 nm and width ~20nm for 
a 15nm height in the resonator. This will enhance the spin-resonator coupling by 2 orders of 
magnitude, and should enable the first detection of individual spins with microwave signals. 
The spins to detect are of 2 kinds : NV centers in diamond, or Bismuth donors in silicon. 
This experimental internship will cover : optical detection and characterization of individual 
NV centers in diamond using a confocal microscope, fabrication by cleanroom techniques of 
the micro-resonator with nanometric constriction, and measurement at millikelvin 
temperatures using a dilution refrigerator fully equipped with microwave equipment. In 
addition of the supervisor, the student will work with a 3rd year PhD student and a postdoc. 
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