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ABSTRACT
An international collaboration of research teams from CEA (France), CERN (Switzerland), INFN/LNL (Italy), HZB
and USI (Germany), IEE (Slovakia), RTU (Latvia) and STFC/DL (UK), are working together on better understanding
of how to improve the properties of superconducting thin films (ScTF) for RF cavities. The collaboration has been
formed as WP15 in the H2020 ARIES project funded by EC. The systematic study of ScTF covers: Cu substrate
polishing with different techniques (EP, SUBU, EP+SUBU, tumbling, laser), Nb, NbN, Nb3Sn and SIS film
deposition and characterisation, Laser post deposition treatments, DC magnetisation characterisation,
application of all obtained knowledge on polishing, deposition and characterisation, Laser post deposition
treatments, DC magnetisation characterisation, application to the QPR samples for testing the films at RF
conditions. The preparation, deposition and characterisation of each sample involves 3-5 partners enhancing
the capability of each other and resulting in a more complete analysis of each film. The talk will give an overview
of the collaborative research and will be an introduction to the detailed talks given by the team members.

COPPER SUBSTRATE PREPARATION
For this project, small samples on copper substrate with a size of 53 mm × 53
mm were used as a standard. The objective was to investigate the effect of
copper substrate polishing on Nb film. 50 planar copper samples were produced
at CERN from the same copper sheet and polished with 4 different procedures:
25 samples were treated at CERN with chemical polishing (also known as SUBU5)
solution and the other 25 samples were treated at INFN with SUBU5 solution,
electropolishing (EP), SUBU+EP, and tumbling.

SUPERCONDUCTING THIN FILM DEVELOPMENT
Developing of Superconducting Thin Films is a core of the project. The substrates coated at INFN, Siegen and STFC with 
Nb and non-Nb films as well as SIS structures.

RF TESTING WITH QPR
The SRF measurement are used to validate or disprove all the results with small samples, to demonstrate what are
the correlations between the RF performance and all information obtained on small samples. Thus, the objectives
for the RF testing are (a) QPR sample manufacturing, (b) cases for sample transfer, (c) sample polishing with EP
and SUBU5, (d) Nb film deposition, (e) Nb film laser treatment, (f) SIS deposition, (g) SRF testing of all samples.

CONCLUSIONS
The main achievement over 4 years of ARIES are:
 Five polishing techniques for Cu have been tested with Nb films,
 Development of superconducting films on small samples establishes a 

capability of depositing 
 NbN, Nb3Sn, NbTiN films 
 as well as SIS structures, 

 Evaluation of Nb films at the RF conditions enables: 
 Routine sample transport between the labs;  
 QPR sample polishing developed and applied to the samples at INFN; 
 A number of QPR samples has been deposited at INFN, Siegen and STFC 

with Nb and SIS structures; 
 Comparative testing of QPR facilities at CERN and HZB;

 ARIES enabled developing new technologies for the thin film SRF: 
 Laser treatment of Cu substrate and Nb films and 
 Magnetic field penetration facility;

 Finally, ARIES helped to set up more intense and coordinated collaboration, 
involving new partners, enhancing capabilities of every partner, frequent 
discussions and joint publications.

FUTURE PLANS
ARIES WP15 went to the end by 30th April 2021. 
A H2020 funded collaboration has started on the 1st May 2021 for 4 years:.
IFAST (Innovation Fostering in Accelerator Science and Technology) WP9 -
Innovative superconducting. The team has grown to 15 partners from 9
Countries. It will continue all activities started with ARIES on further
development of various superconducting thin films. In addition to Physical
Vapour Deposition methods, an Atomic Layer Deposition will be explored.
However, the main emphasis will be shifted on applying the result of ARIES to
the deposition and testing of the half-wave RF cavities at 6, 3 and 1.3 GHz.
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A QPR sample inside the deposition chambers

A sample and sputter assembly 
for the Nb deposition at INFN

A sample during the Nb 
deposition at STFC

A sample and a Nb target in deposition 
facility at University Siegen.

X-sections SEM of  NbN  deposited 
on Si at high pressure at Siegen

EDS of a triple multilayer NbTiN in SIS 
structure (depicting each layer 
composition) deposited on Cu at STFC

RBS of NbTiN film 
deposited on Si at STFC

X-sections SEM of  Nb3Sn 
deposited on Cu at STFC

XRD patterns of single layer 
sample 897 and ML sample 927  
completed in Bragg-Brentano 
configuration Cu (Kα) radiation 
at Siegen.

DC Superconductivity evaluation 

Overview of the field of full flux penetration 
(Bfp) measured at STFC for the Nb films 

deposited at INFN, Siegen and STFC on Cu.

Illustration of determination of 
the characteristic field Hen from 
the virgin magnetization curves

A QPR sample transfer case

at STFC.at Siegen.

QPR – quadrupole 
resonator

Optical and SEM images 
of Cu surface after 
different polishing 

treatments

SUBU5 polishing

Electropolishing (EP) QPR sample after EP treatment

Following these results, two polishing 
techniques were adapted to QPR samples: 
SUBU5 and EP. 
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10 samples has been polished, deposited with 
Nb films and SIS structures, and tested at QPR.
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