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ABSTRACT

The ARIES WP15 program deals with the optimization of superconducting films for the use in
accelerating structures. In the present approach, all production steps necessary to arrive at a
successful coating are revisited, from substrate preparation to sample handling to the actual film
deposition. These steps are performed on wafer samples, and in an intermediate step, prior to doing
an actual coating on cavities, on QPR-samples that allow for a characterisation under real
accelerator-like conditions. In continuation of the previously reported results, sample manufacturing
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and DC-characterisation has progressed towards two additional systems: NbN and SIS. The
procedures leading to an optimized sample are described in detail. Characterisation of the samples
with standard materials characterisation methods as well as DC-magnetometry has been performed
and is reported. RF-characterisation was performed on baseline Nb QPR-samples, comparing the
coating results between the facilities at STFC and USI and the impact of the substrate preparation
technique on the quality of the obtained film.
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Executive summary

This report is summarizing the main achievement of the WP15 program (the results on the evaluation
of cleaning and coating procedures for highest Qo and Ez)

- sample preparation, surface polishing

- Nb thin film deposition and characterisation

- NbN, Nb3Sn and NbTiN samples

- SIS multilayer structures NbN with AIN as an insulator
- DC-superconductivity evaluation

- RF testing with QPR

1. Introduction

Over four year a WP15 team followed the scope and the roadmap of WP15 programme which has
been set before the ARIES project starting date. All activities of WP15 are connected, cross-correlated
and integrated in one international project. The D15.1 Delivery Report summarised the WP15
progress with Evaluation of copper substrate cleaning and polishing process. Two procedure for
surface preparation of Cu for Nb coating was chosen for the following WP15 activities base on
various types of characterisation of copper surface and Nb film deposited on it [1]. The following
activities were focused on developing the thin films (TF) based on superconducting (SC) materials
different from pure Nb. The choice of materials was discussed in details in the D15.1 and D15.2
Deliverable Reports [2, 3] and based on literature survey [4-8]. The developing and evaluation of
Systems 1 (NbsSn) and System 2 (NbN) has been reported describing the details of deposition, surface
analysis, structural analysis, and DC superconductivity evaluation. The Report D15.3 is related to the
development of System 3 (NbTiN) and SIS (superconductor-insulator-superconductor) multilayer
coatings [Report D15.3].

This report is a final report on WP15 programme and highlighting the main results achieved within
for year. A considerable fraction of the work summarized here has been presented at various journals
or conferences, see [9-15] (Check if all papers are included including SRF2021 and IPAC2021
conferences).

Another significant part of the WP15 activities is focused on evaluation of SC TF at the conditions
similar to ones in accelerator radio-frequency (RF) resonators. The Quadrupole Resonator (QPR)
developed in earlier H2020 projects is employed for this activity [16]. Some results have been
reported in D15.3 [Report D15.3]. This Report describes new QPR results obtained at the RF
conditions at HZB and CERN.
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The

2.1 POLISHING TECHNIQUES EMPLOYED IN THIS PROJECT

2.1.1 At CERN

2.1.2 At INFN

2.1.3 At RTU

The

2.1.4 Main observations

2.2 NB COATING

2.2.1 At INFN

2.2.2 At Siegen

2.2.3 At STFC
Niobium

2.3 MAGNETISATION MEASUREMENTS

2.3.1 At IEE
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2.3.2 At STFC

2.4 SUMMARY ON POLISHING

3. Developing of SC thin film coating different from
Nb on copper substrates (5-7 pages)

The consortium continues developing coatings with thin film of superconducting materials different
from Nb, such as NbsSn (System 1), NbN (System 2), NbTiN (System 3) as well as SIS multilayer
structures. The deposition performed on the samples prepared in Year 1: flat OHFC samples with
dimensions 53 mm x 53 mm x 2 mm. The samples are polished with either SUBU or EP, two
polishing procedures defined as most promising in Year 1 [2]. The Report D15.2 [3] reported on
Systems 1 (NbsSn) and System 2 (NbN) describing the details of deposition, surface analysis,
structural analysis, and DC superconductivity evaluation. The Report D15.3 [?] is related to the
development of System 3 (NbTiN) and SIS (superconductor-insulator-superconductor). Below t main
achievement on SC TF are summarised.

3.1 DEPOSITION AT STFC

3.1.1 System 2: Nb3Sn thin films
achieved.

3.1.2 System 3: NbTiN thin films
achieved.

3.1.3 Deposition with TiNb alloy target:
NbTi and NbTiN were deposited from a NbTi alloy target on various diamond turned copper and
various witness substrate at RT and 650 °C with deposition parameters

3.1.1 SIS structures
achieved.
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3.2 DEPOSITION AT SIEGEN

3.2.1 System 2: NbN thin films
achieved.

3.2.2 Developing NbN based SIS samples on copper

3.3 DC SUPERCONDUCTIVITY EVALUATION AT IEE (1 PAGE)

Superconducting parameters were determined on flat samples with single superconducting layer as
well as with multiple superconducting layers, prepared at the deposition facilities of the work-package
partners.

Short summary of all results (w/o laser treated)

3.4 MAGNETIC FIELD PENETRATION MEASUREMENTS AT STFC (2 PAGES)

Short description of a facility.
Short summary of all results (w/o laser treated)
Including a comparison table to IEE results

Some discussion

4. Study of SC thin films on QPR samples (6-8
pages)

4.1 QPR SAMPLE

The main purpose of this work was.
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4.1.1 QPR sample manufacturing
A total of 10 samples

4.1.2 Sample case

For the shipment of samples, a dedicated chamber has been designed and manufactured.
4.2 QPR SAMPLE POLISHING

Short summary

4.3 DEPOSITION ON QPR SAMPLES

The QPR samples have been and are being deposited at INFN, Siegen and STFC.

4.3.1 Nb coated samples
QPR-surface resistance measurements can be

4.3.2 SIS samples
QPR-surface resistance measurements can be

4.3.3 Commissioning and benchmarking of the CERN QPR 2.0

5. Exploration of new technologies for SRF

A number of new ideas were explores in WP15 for applying for SC TF characterisation and treatments

5.1 LASER POLISHING OF COPPER SUBSTRATE (0.5 PAGE)
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5.2 POST DEPOSITION LASER TREATMENT OF NB FILMS (1.5 PAGE)

5.2.1 Small samples

5.2.2 QPR sample treatment and testing

5.3 EXPLORING EVALUATION OF SUPERCONDUCTING FILMS WITH PHOTO- AND
THERMOSTIMULATED EXOELECTRON EMISSION SPECTRA AT RTU (0.5 PAGE)

Another study performed at RTU aimed to explore the possibility of using photo- and
thermostimulated exoelectron emission to superconducting thin film evaluation. The analysis of
results was performed on samples obtained from the first set of 14 samples of Nb films, deposited by
ARIES project partners on the Cu substrates, which were initially pre-processed by different methods.
No relationships found between parameters of photo- and thermostimulated exoelectron emission
spectra and Cu substrate preparation method. No correlation was found between photo- and
thermostimulated exoelectron emission and surface roughness of Cu substrate and deposited Nb
layers, as well as photo- and thermostimulated exoelectron emission and magnetic characteristic of
the Nb films. The main conclusion was that this method is not suitable in present stay for
characterising superconducting thin films.

5.4 MAGNETIC FIELD PENETRATION MEASUREMENTS (1 PAGE)
Short highlight about this method

5.5 SUMMARY FOR EXPLORATION OF NEW TECHNOLOGIES FOR SRF (0.5-PAGE)
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6. Conclusions and future plans

The ARIES WP15 team made significant progress with the production of superconducting thin film
coatings on copper samples. System 3 (NbTiN) and SIS (NbN:AIN:Nb, as well as NbsSn:AIN:Nb
and NbTiN:AIN:Nb) has been deposited and characterised with surface characterisation instruments
and DC magnetometry. Furthermore, the SISIS structures (NbzSn:AIN:NbszSn:AIN:Nb) and SS
structures (NbsSn:Nb, NbTiN:NbTiN, NbTi:Nb) have been investigated.

o Vv
o Vv

viu
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Annex: Glossary

Acronym Definition

AFM Atomic Force Microscope

CEA Saclay Nuclear Research Centre - Commissariat a I'Energie Atomique
CERN European Council for Nuclear Research

EDS Energy Dispersive X-ray Spectrometry

EP Electropolishing
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HIPIMS High power impulse magnetron sputtering
HZB Helmholtz-Zentrum Berlin
IEE Institute of Electrical Engineering Slovak Academy of Sciences, Bratislava
INFN-LNL Italian Institute of Nuclear Physics - Legnaro National Laboratories
OFE Oxygen Free Electronic copper
OFHC Oxygen-Free High thermal Conductivity copper
PPMS Physical Property Measurement System
QPR Quadrupole Resonator
QWR Quarter Wave Resonator
RF Radio Frequency
RTU Riga Technical University
SC Superconductivity
SEM Scanning Electron Microscope
SRF Superconducting Radio Frequency
STFC Science and Technology Facilities Council - Daresbury Laboratory
SUBU Chemical Polishing of Cu with a solution of Sulphamic Acid and Butanol
Te Critical temperature of superconducting transition (thermodynamic)
TF Thin films
usSlI University of Siegen
XRD X-Ray Diffraction
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