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Update on Status of Thin Film Working Group
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• Thin Films or more precisely „non-bulk niobium as RF surface“
－Re-established April 2021
－Chairs: 

• Marc Wenskat (UHH) marc.wenskat@desy.de
• Sebastian Keckert (HZB) sebastian.keckert@helmholtz-berlin.de

• Since then, 4 Meetings with chosen topics, elected speakers & discussion:
－04.21 SIS – 3 Talks
－10.21 Nb on Cu – 2 Talks
－03.22 MgB2 – 2 Talks
－08.22 Nb3Sn – 4 Talks

• Participation is >30 Persons & distributed over many labs/universities
• 5th meeting currently planed – picking up discussions from TF Workshop

Mailing list
Send „Subscribe ttc-wg-thinfilms 
NAME“ to sympa@listserv.dfn.de
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International Workshop Series on Thin Films and New Ideas 
for Pushing the Limits of RF Superconductivity
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 The first event was organized at JLab in 2005, as a spin-off of the SRF conference (1.5 days). 
 In 2006, Enzo Palmieri organized the 2nd edition under “International Workshop on Thin Films 

and New Ideas for Pushing the Limits of RF Superconductivity”.
 Since then, the Workshop has taken place bi-annually.
 Virtual edition in March 2021 due to the Pandemic

Forum for new initiatives in innovative thin films and related technology to advance future 
generations of superconducting RF accelerators. Present superconducting RF accelerator technology 
is based on predominately bulk niobium, for which the state of the art in performance is reaching 
the theoretical limit. 

Intensive and coordinated R&D effort is of decisive importance for the scientific community.

The primary aim of the workshop is to support this initiative by providing an opportunity to 
bring together individuals and institutions working in this effort and infusing expertise of specialists 
from related disciplines (superconductivity, plasma physics, material science, nanotechnology, RF 
engineering and industry).

Aim to offer a collaborative environment as open, inclusive and diverse as possible.



• 63 Attendees* 
• 31 In-Person
• 32 remote
• 34 Eu; 24 US; 5 Asia/9 countries total
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*Last in-person attendance in 2018: 
65 Participants

HYBRID EVENT @ JLab



TFSRF2022 Program

4 days / 14 sessions / Open discussions
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https://indico.jlab.org/e/TFSRF2022

 Perspective of SRF Thin Film in International Projects
 Theoretical Approach for SRF Thin Films & Structures
 Nb Thin Film Technology
 Beyond Nb: Alternate Materials & Multilayer Structures
 Advanced Substrates
 SRF Thin Films Characterization: Cryogenic & RF Measurements, Materials, Surfaces & Structures
 Applications beyond SRF: Quantum & Devices

iFAST Meeting Friday 09/23 morning



Perspective of SRF Thin Films in International Projects
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The Snowmass and European Strategies for particle physics are coherent with each other 

See also S. Belomestnyk talk, Monday Plenary Session

6 Tasks
Task 9.2: Seamless elliptical copper cavities
Task 9.3 Cavity Coating and Evaluation

Planar Samples & QPR deposition
Task 9.4:Surface engineering by atomic layer 
deposition (ALD)
Task 9.5: Improvement of mechanical and 
superconducting 
properties of RF resonator by laser radiation
Task 9.6: Optimization of flat SRF thin films production 
procedure

Baseline measurement on QPR samples



Theoretical Approach for SRF 
Thin Films & Structures
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current crowding due 
to porosities 
(generating local 
electrical field)

(NLME)
See also E. Lechner talk, Tuesday Afternoon WG1 Session

Starting with cavity degradations' 
appearance
Found 2 strategies to increase the cavity's 

thermal conductivity---the outer-wall 
groove structure (OGS) and the inner-wall 
thermal conducting film (ITCF). 
Performed COMSOL simulations and they 
seem effective. We hope these two 
structures can improve the thermal 
conductivity, thus increasing the cavity's 
Eacclimit.



Nb Thin Film Technology
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Nb Thin Film Technology
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Study of the influence of the manufacturing process and thermal cycling on the RF performance of 1.3 GHz Nb/Cu SRF cavities –
L. Vega et al

Characterization of TESLA-shaped single-cell Nb thin-film cavity with varying RRR values at low temperatures – B. Abdisatarov et al. 

Mid-T baking 
@ 

340  ͦͦC / 1 h
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Nb Thin Film Technology

Substrate cavities
Copper surface preparation
- SUBU chemical polishing
- Centrifugal barrel polishing
- Electrochemical polishing

Inner surface inspections
DCMS coating



Beyond Nb: Alternate Materials and Multilayer Structures
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Nb3SnBeyond Nb: Alternate Materials and Multilayer Structures

Recent advances with bipolar HiPIMS-deposited Nb3Sn films on Cu - S. Leith et al.

Nb3Sn coating of a 2.6 GHz Nb SRF cavity using a Cylindrical Magnetron Sputtering System –S. Shakel 

See also talk, Wednesday afternoon WG3 Session
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Beyond Nb: Alternate Materials and Multilayer Structures Nb3Sn

See also C. Pira talk, Wednesday afternoon WG3 Session
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Nb3Sn coating of Twin Axis cavity.
Performance limiting factors- Mechanical 
deformation, Sn residue.
Low Temperature annealing of the Nb3Sn 
Samples.
Annealing the single cell cavity at 900 ℃
for 10 minutes and RF tested- Increased 
Quality factor at low fields.
Retest it and annealed again for another 
10 minutes at 900 ℃. 

Beyond Nb: Alternate Materials and Multilayer Structures Nb3Sn

Nb3Sn cavity coating development for accelerator applications at Jefferson Lab - U. Pudasaini et al.

Improve coating process with single cells
5-cells deposition towards implementation in CM Applications to cryo-cooled cavity

Effect of Lower Temperature Annealing on surface properties of Vapor Diffusion coating of Nb3Sn - Jayendrika K. Tiskumara 

See also U. Pudasaini talk, 
Wednesday afternoon WG3 Session



Other SC Materials beyond Niobium: V3Si
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V3Si Thin Film Deposition using HiPIMS and DC – F.Lockwood et al

• HiPIMS increases the Tc of V3Si samples by around 2-3 K e.g.  10K DC samples  12-13 K HiPIMS samples
• Best performing HiPIMS supply seems to be The Home-made supply
• First penetrations of V3Si is relatively low with 300 Oe being a good result Second penetrations is very high
• Increasing temp beyond 700 C with HiPIMS yields Tc up to around 15 K without the need for post-annealing
• EBSD reveals growth patterns
• Evidence that samples tarnish in air 

Pushing CW beam current limit of TESLA SRF Cavities with Nb3Sn and NbTiN Coating of the HOM Antennas-Paul Plattner et al.
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Other SC Materials beyond Niobium: NbTiN, NbN and SIS
Synthesis of NbTiN as an Alternative Thin Film  for SRF Cavity – R. Valizadeh

Investigation of Sputtered S(I)S Structures for SRF Cavities - A.Ö. Sezgin HiPIMS Coatings



Beyond Nb: Alternate Materials and Multilayer Structures
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AlN-NbTiN multilayers deposited by PEALD for SRF cavity 
studies- I. González Díaz-Palacio et al.

SIS by ALD

ALD-deposited Multilayer to improve the superconducting 
performances of RF cavities - Yasmine Kalboussi et al.

Successful Al2O3 Coating of Niobium Cavities with Thermal ALD - Getnet Kacha Deyu

>14 K

14-15 K



Other SC Materials beyond Niobium: MgB2



Advanced Substrates

Report from TFSRF2022 , TTC Aomori October 11, 2022

Additive Manufacturing for SRF copper cavities production and preliminary surface treatments on the printed prototypes-Massimiliano Bonesso et al.

By Laser Powder Bed Fusion (LBF)

Recent advancements on Nb Plasma Electrolytic Polishing –E. Chyhyrynets et al. 

Nb process also in development

Cu process also in development
(different chemistry of course)



RF characterization for SRF films
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RF characterization for SRF films
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Improve QPR Measurements

Fast Measurements development – RF & Trapped Flux

See also O. Kügeler talk, Wednesday afternoon WG3 Session



RF characterization for SRF films
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Geometry optimization: homogeneity of magnetic field is increased.

Overlapping of modes solved

Microphonic effect minimized.

QPR fabrication ready to resume at CERN.

- S. Bira et al.



RF characterization for SRF films
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Characterization for SRF films: Cryogenic & RF
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Split SRF Thin Film 6 GHz Cavities

A DC magnetic field penetration facility for the characterisation of planar multilayer structures for SRF applications– D.Turner



Characterization for SRF films: Cryogenic & RF
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Development of 3rd Harmonic Magnetometer at Jefferson Lab – D.R. Beverstock et al.
Current Limitations
limited to 130 mT due to electronics overloading
thermal stability from coil becomes an issue 
around 50 mT

DC Magnetic Hall Probe Technique to Characterize the Materials for Accelerating Cavities – H. Senevirathne et al.

Future plans
High watt heater on coil plate for more thermal control
Coil plate and sample holder to diminish eddy currents
Integration of data analysis and data collection 
programs
Hall probe to measure applied field, at top of coil
Samples with cut offs to measure edge effects.



RF characterization for SRF films
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Experimental evidence of counter current flow in superconductor-superconductor bi-layers

 LE-𝜇𝜇SR to measure the Meissner screening profile into SS bilayers.
 Data fits to counter current flow model yielded 𝜆𝜆_(Nb−Ti−N) in good agreement with the 

literature in contrast to a naïve (bi)exponential model.
 Results imply the validity of counter current flow model in SS bilayers and that they are a 

viable means of exceeding the Nb field limits.
 No observation of bilayer behavior in Low Temperature Baked Nb. Meissner state field 

screening profile is just an exponential.



Material characterization for SRF films
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STM for SRF Thin Films – M. Iavarone 

Stress-induced omega (ω) phase transition in Nb thin films – J. Lee
Nb films deposited by HiPIMS (Rigetti), RRR=5

Phys. Rev. Applied 13, 044044 (2020)



Superconducting film beyond SRF
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Summary
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 Strong collaborations across the community
 More institutions are joining in
 Enthusiastic, dynamic exchanges
 Progress in ongoing Nb and other materials films projects
 Demonstrations of Nb/Cu Q-slope mitigation and SIS concept
 Emergence and/or refinement of theoretical models
 New techniques for substrate fabrication and preparation, film analyses
 Superconducting TF applications beyond SRF keep expanding (devices, sensors, quantum …)
 The SRFTF field continues to gain momentum



Next Workshop Edition
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11th International Workshop on 
Thin Films and New Ideas for Pushing the Limits of RF Superconductivity

International Organizing Committee
C. Antoine (CEA Saclay, France)
A.- M. Valente-Feliciano (Jefferson Lab, USA)
C. Pira (INFN LNL, Italy)
A. Gurevich (Old Dominion University, USA)
W. Venturini (CERN, Switzerland)
R. Valizadeh (STFC, UK)
T. Saeki (KEK, Japan)

Will be held in 2024
In Paris Area, France

Hosted by CEA Saclay, Sponsored by iFAST Program
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In the mean time …

Let’s continue the conversations and foster collaborations  

Both series of events are synergistic and complementary
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ありがとうございました
THANK YOU
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