
Conclusions

We presented the first results of Nb coatings of two seamless 1.3 GHz cavities manufactured at CERN with two different approaches: Electroformed (L1) and machined directly

from a bulk billet (BM1). The RF performance shows that the Q-slope has been mitigated in both cases at 4.2 K. The performance of BM1 improved significantly after removing the

damaged layer present due to the diamond tooling. However, at 1.85 K it still showed a significant Q-slope which might be explained by irregularities on the surface of the substrate

caused during the SUBU. This was removed by electropolishing, and the third coating showed a dramatic improvement of the RF performance. It was also observed a variation of

the performance with thermal cycling, and a possible correlation to the flux trapping will be further studied in future tests. Regarding L1, efforts were made on improving the

adherence of the coating, but peel-offs have appeared systematically. Nevertheless, results are encouraging, and having removed the unknown of the weld quality, this will allow a

systematic work to optimise the substrate preparation and the coating parameters. Albeit still modest, the RF performance was of easier interpretation than in past experiments,

and gave a more clear indication on the path forward.

Introduction

A degradation of the RF performance at high fields has been historically observed in the Nb/Cu cavities, being the presence of defects a known cause of Q-slope. Efforts have

been made on improving the quality of the thin film cavities at all levels:

• Interface between Nb film and substrate: a good adhesion is key to avoid the occurrence of peel-offs.

• Quality of the film: an extensive R&D campaign has been carried out for finding and optimizing the best thin film deposition technique.

• Quality of the substrate: defects in the substrate are propagated to the thin film deposited on top. The experience with the HIE-ISOLDE QWR, where a systematic loss of

performance was observed in the series of cavities with electron beam welding, revealed the importance of using seamless substrates.

This work shows the first results of Nb coatings applied on two 1.3 GHz cavities manufactured with seamless substrates produced by two different approaches.
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Abstract

A necessary condition for high SRF performances in thin film coated cavities is the absence of substrate defects. For instance, in the past, defects originated around electron

beam welds in high magnetic field areas have been shown to be the cause of performance limitations in Nb/Cu cavities. Seamless cavities are therefore good candidates to

allow an optimization of the coating parameters without the pitfalls of a changing substrate. In this work, we present the first results of two different methods to produce

seamless cavities applied to 1.3 GHz copper single cells coated with thin Nb films by means of HIPIMS. A first method consists in electroplating the copper resonator on

precisely machined aluminum mandrels, which are then dissolved chemically. As an alternative and a cross check, one cavity was machined directly from the bulk. Both cavities

were coated with HIPIMS Nb films using the same coating parameters and the SRF performance was measured down to 1.8 K with a variable coupler to minimize the

measurement uncertainty.

Methodology

L1.1a L1.1b L1.2

1.SUBU

2.HPWR at 100 bar

3.HiPIMS coating

4.HPWR at 50 bar

5.Stripping

6.HPWR at 100 bar

7.HiPIMS coating

8.HPWR at 100 bar

1.Stripping

2.Sulfo-chromic acid rinsing

3.HPWR at 100 bar

4.HiPIMS coating

5.HPWR at 50 bar

Production of the substrate

BM1.1 BM1.2

1.Degreased in detergent.

2.Sulfo-chromic acid rinsing.

3.HPWR at 100 bar

4.HiPIMS coating

5.HPWR at 50 bar

1.Stripping.

2.SUBU 

3.HPWR at 100 bar

4.HiPIMS coating

5.HPWR at 50 bar

L1.1a:

• Test limited by field emission. HPWR performed to get rid of potential sources of contamination.

L1.1b:

• Degradation of the RF performance caused by massive peel-offs induced by 100 bar HPWR.

L1.2:

• Passivation applied to improve adherence of the coating.

• Good RF performance obtained in the first scan at 4.2 K up to 9 MV/m.

• Not possible to reproduce the first scan again: It might be due to a small region not well attached to the

coating that at high fields was detached.

• Blister identified in the cell by optical inspection after the test.

L1.a L1.2

Rres [nΩ] 33.27 23.9 

λ(0) [nm] 51.54 56.8 

Tc [K] 9.362 9.341 

ABCS [nΩ.K] 1.4E5 1.68E5 

Δ(0)/kB [K] 19.76 19.8 

BM1.1 BM1.2 BM1.3* 
New results 24/06

Rres [nΩ] 95.63 19.99 6.45

λ(0) [nm] 53.96 51.73 51.08

Tc [K] 9.317 9.312 9.313

ABCS 

[nΩ.K]

1.68E5 1.56E5 1.49E5

Δ(0)/kB [K] 20.19 20.11 20.38

Bex,0 12.9 μT 4.7 μT 7.6 μT

Rres [nΩ] 31.03 19.99 23.39

λ(0) [nm] 53.17 51.73 49.54

Tc [K] 9.321 9.312 9.313

ABCS [nΩ.K] 1.58E5 1.56E5 1.44E5

Δ(0)/kB [K] 19.89 20.11 19.89

RF results

Production of the substrate

RF results

Peel-off at cut-off Peel-off at cell

1st half cell machined 2nd half cell machined Machined cell E-beam welded to cut-offs

Preparation of 

the Al mandrel

Copper metallization of the 

mandrel by PVD

Copper electroforming and 

incorporation of the flanges

Mandrel removal 

by dissolution

a) b) c) d)

BM1.1:
• No surface etching applied before coating to keep the surface as the as-machined state (diamond tooling

caused a damaged layer of 1-2 μm).

• Mitigated Q slope at both temperatures but high residual resistance.

BM1.2:

• RF performance clearly improved after removing the damaged layer, considerable reduction of the surface

resistance.

• Q-slope still remarkable at 1.85 K: This might be due regions with different surface roughness observed,

which might have been created due to non homogeneous etching of the SUBU.

• Thermal cycles performed at different cooling rates while recording data of expelled magnetic flux (Bex,0)

BM1.3:

• Electro polishing led to a dramatic improvement of RF performance, limited by FE (administrative limit)

Main outcomes and discussion

Main outcomes and discussion

Substrate preparation Application of the coating RF measurements

Nb deposition by HIPIMS:

• RF performances 

comparable to bulk Nb. 

• Dense, void-free layer at all

the impinging angles of the

niobium coating flux

Two seamless substrates:

• Electroforming (L1): The feasibility for using this

technique for mass production will be investigated.

• Machined from a copper block (BM1): This will

serve as benchmarking.

 Q0 vs Eacc at fixed temperature (1.85 K and 4.2 K).

 Q0 vs T at fixed Eacc: Fitting to BCS resistance

allows to obtain Rres, ABCS and Δ(0)/kB.

 Δf vs T during transition from SC to normal

conductor: Fitting allows to obtain Tc and λ(0).
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1.Stripping.

2.Electropolishing

3.HPWR at 100 bar

4.HiPIMS coating

5.HPWR at 50 bar


