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High Energy and Intensity - Isotope

Separator On Line DEtector

HIE-ISOLDE upgrade project

- Boost the radioactive beam energy from 3MeV/u to 10MeV/u by using SC linac.
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Quarter-wave resonator (QWR):
Nb thin film sputtered
on 3D forged OFE Cu substrate
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High-8 QWR
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Courtesy M. Fraser

—> Total of 20 cavities to be produced
- 5 cavities ready for assembly in first cryomodule by the end of 2014
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Production workflow
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Coating hardware
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V- Nb cylindrical cathode at -1000V

/ Grids grounded for plasma polarization

Adjustable cavity bias: ions densify &
smooth the Nb layer

F- Coating with hot substrate (300-620°C)
bakeout with IR lamp prior to coating

« Thermocouples along cavity to monitor
temperature and RGA monitoring

« Viton O-ring or Cu-gasket

@ « 2 coating benches functional at CERN
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Coating process

Temperature / Power evolution during coating phase
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Baseline recipe
DC-bias diode:

Pressure: 0.2mbar
Sputtering gas: Ar
Nb-cathode power: 8kW
Cavity bias: -80V

14 runs: 25’ coating + 5h35’
cool down to 300°C each,
total coating time = 6h
Temperature:

Inner: from 315°C to 620°C
Outer: from 300°C to 430°C
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Cavities performances

X QP1.4 (07.2013)
e QP2.1(05.2014)
& e QP3.2(07.2014)
s QS1.1(07.2014)

¢ 0QS2.1(08.2014)
-==7W line
—10W line

e HIE-ISOLDE
Spec

Eacc (MV/m)

HIE-ISOLDE QP1.4 QP2.1 QP3.2 QS1.1 QS2.1
specifications prototype 1 prototype 2  prototype 3 pre-serie pre-serie

QO 4.7E+08  6.51E+08 6.23E+08  4.37E+08  3.61E+08  2.80E+08
Pcav(W) 10 7.5 7.6 10.8 12.5 17.0

! &
7 @ for cryomodule, avg = 12 W
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Test cavity Q4

Baseline coated cavity
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Film thickness (XRF) and |H| profile
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Nb thickness on Cu [pm]

Film thickness (XRF) and RRR profile
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FIB-SEM surface morphology (SESI

Inner conductor:

- flat grains

—> apparent grain boundaries
—> grain size ~ 1 to few um

EHT = 185KV Signal A = SESI Width = 19.94 um
WD = 4.9mm StageatT= 00° Time :16:07:22
Mag= 573KX Sample: irCu7 Q4.8 Image Pixel Size = 19.47 ni

[ND cathogde

outer grid

Outer conductor:
- very fine plate-like structure §
—> grain size ~ 100 to few 100nm#

WD = 50mm Aperture Size
Magr:‘ 2B7KX Tit Angle = 36,0

EHT = 1.85kV

03.10.2(0F— <o

Signal A = SESI ™ .
StageatT= 0.0° 3 = |
Sample erCu 043 Image Pixel Size = 2233 m 1N
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FIB-SEM cross section imaging

1.85 kV, InLens

Spm  1.85kV, InLens

outer grid
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e9 TEM imaging and EDS analysis

HAADF STEM image with corresponding mapping of the Nb Coating.
Oxygen layer at the top as well as around pores was revealed.
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e9 EDS at Cu/NDb Interface

Detailed mapping at the interface revealed presence of max 20 nm sized Cu precipitates.
The precipitates are randomly scattered along the Cu/Nb interface and were found up to 200 nm far

from the interface.
* Oxygen enrichment at the interface and around the porosity is detected.
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Line scan along the interface
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» Line scan shows the O enrichment at the interface and around the precipitate.
* Presence of Cu precipitate is confirmed
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Precipitate EDS spectra
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* The spectra was taken from the area marked with the red circle, the composition corresponds to
Nb70Cu28AI2 in at.%. The peak of Al comes from TEM holder.
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e9 Orientation mapping

» Technigue based on collection of precession electron diffraction patterns and cross-correlation with the
simulated template.

* Grains in the coating show no preferential orientation

* The very small grains close to the interface cannot be index because of grain overlap.

* For the grain size characterization plain view sample at well defined height of the coating is needed.

« XRD data measurement are needed for comparison of results.
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Conclusions

Workflow and reproducible coating baseline recipe are operational to
achieve production of 1 cavity/month

Production cavities RF performances good on average, need two more
cavities in specification by the end of the year for the first cryomodule

Nb layer of 2-10um from outer to inner conductor with average RRR = 35

Grain size ranging from 200nm on outer conductor up to few um on inner
conductor

Large porosities at €9 position beside the weld, only very few nm-size
elsewhere

Presence of O-enrichment close to the interface and porosity

Cu precipitates identified by TEM EDS measurements close to the interface
FIB-SEM and TEM analysis are very powerful tools to characterize sputtered

Nb-layer morphology and composition
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Perspectives

Further TEM investigation of top part of the Nb-layer will follow

TEM analysis of thick layer to investigate the nature of observed layers
In parallel PCT measurements

and mu-SR measurements are on the way on same samples

> This systematic characterization of the film efficiently highlight the regions to
be improved and help to target the hardware/process parameters to adjust
(bias voltage to densify the film, cathode geometry, etc.)

> Combined together these material science and SC/RF approaches will help
to tune the key parameters to achieve the best performances of Nb-coated
SRF cavities

> Optimization of Nb-film to match best RF properties
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e9 FIB tomography

SESI detector 1.85 kV, M. Cantoni and B. Bartova

-> About 1% pore
volume fraction

Unexpected presence of pores motivate a FIB tomography in order to visualize distribution of the pores and

quantify their volume.
Accelerating voltage during acquisition was increased to 1.85 kV to improve quality of the images.

3D ATLAS software was used during the 16 hours experiment and 788 images was acquired.



