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1. Introduction  

 

Reentrant niobium cavities are used in the Mario Schenberg gravitational wave detector, operating in 

DAS / INPE, playing the role of parametric transducers. They are part of a system designed to convert 

mechanical vibrations from a solid Al-Cu sphere of the detector into electrical signals. Nitrogen plasma 

immersion ion implantation (PIII) and High Power Impulse Magnetron Sputtering (HiPIMS) have been 

evaluated to treat these cavities in order to increase its respective quality factors (Q).  

The first method is devoted to implant nitrogen ions into the near surface of niobium, since it was 

reported recently [1] that the presence of interstitial nitrogen into the crystal lattice of Nb has the effect of 

increasing such Q-values. The second method is devoted to deposit stoichiometric niobium nitride (NbN), 

another successful method reported in the literature [2,3] to attain this goal. 

There is a vast investigation [4,5,6,7] being carried out by the international community in order to 

increase the quality factor of niobium superconducting resonant cavities, which also have application in High 

Energy Physics, specifically in particle accelerators [8,9].  

One of the most promising studies regarding the improvement of Q, makes use of thermal treatment 

for the insertion of nitrogen on the surface of niobium [10,11]. These results present good convergence with 

recent experimental data attained by the PIII / LAP group at INPE [1]. 

A set of characterization results will be presented for samples treated by both methods, including 

profilometry, X-ray diffraction, scanning electron microscopy (field emission gun), X-ray photoelectron 

spectroscopy and atomic force microscopy. 

 

2. Description of Techniques  

  

A variation of conventional PIII has been used herein in order to heat the substrate during nitrogen 

ion implantation. In the current experiments it has been performed High Temperature PIII (HTPIII). The 

heating of the substrates facilitates the diffusion of the nitrogen ions implanted into niobium and it is an 

efficient tool to control de depth of the implantation and respective atomic concentration.  

This controlled process can lead to the formation of nitrides and also the implantation of nitrogen in 

interstitial spaces of the crystal lattice of niobium. Concerning HiPIMS, in the process, a niobium target of 

high purity is sputtered in reactive glow discharge, mixing argon and nitrogen. The aim is to partially ionize 

Nb particles due to the high peak power density applied to the targed; thus it is expected the implantation and 

deposition of niobium and nitrogen into/onto the surfaces of Nb samples. 

 

3. Expected Results 

 

After evaluating the set of characterization methods for Nb samples treated by HTPIII and HiPIMS, 

some experimental conditions previously used will be repeated for the treatment of the cavities in order to 

search for a correlation between the respective operation parameters of these processes and the Q-factors. 
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