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POLISHING

Chemical polishing / electropolishing

Damage layer / mechanical polishing




ELECTROCHEMICAL STUDIES ¢
7

R&D Electropolishing:

B (improvement of etching rate and surface
state)

B New electrolytes test
B Hydrodynamics: understanding and
optimization.
B Collaboration CEA-KEK & FIJPPL (TYL):
B uniform thickness removal
B very low roughness
B Mechanical treatment (CMP?)
B ‘Ninja’ rotating cathode
R&D on BCP:
B Intense R&D on H uptake (BCP as EP)
B New recipe with reduced fluoride
B Change in frequency vs BCP studies
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VEP SET-UP AT CEA SACLAY ﬁ

B Designed for large cavities

SPL Cavity insertion in
the cabinet

300 L acid capacity

Circulating acid injected from bottom
Cooling system (heat exchanger in acid
tank)

Emptying/draining by gravity

Nitrogen blowing in top of cavity/acid tank
Cathode inserted in horizontal position

B Adaptation for monocell treatment and/or
BCP

Cathode’s insertion in
horizontal position

A simple rod-cathode is used. Low-voltage
recipe to reduce hydrogen gasoine |AWLE 2017 | PAGE 5



VT OF SPL CAVITY AT HIGHER POWER

« 200 um average removal by VEP
» Test stopped because of radiation level
« Test carried out at higher power until reaching quench at 20 MV/m

Test SPL cavity @ 1.9K 07/11/2014
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Typical surface morphologies after >100um VEP at different locations. The weldings at
a) equators, and b) irises are smooth. Bubbles stripes are observed at the proximity of
irises ¢) and d). In the areas between equators and irises e) and f), the surface is

rougher. Some pitting due to the uncontrolleéj_laﬁjsgméence | AWLC 2017 | PAGE 6



DAMAGE LAYER / ROLLING

B High dislocation density (damage) incriminated in:
B Apparition of hot spots on operating cavities
B High density of hydride precipitates
W High sensitivity to trapped flux

B Damage layer seems to essentially originate from rolling
B Surface texture resistant to recrystallization
W Not fully eliminated after 150um removal (patchy nature)

NIOBIUM 2% REDUCTION ROLLING PASS Nb 2% Reduction Rolling Pass
Contours of Effective Plastic Strain

max ipt. value i 120

min=0, at elem# 6733 '

{/V \\ Finite element simulation of 2% reduction of
A\ 3.5 mm sheet with 1 cm diameter rolls
: o0 \. (Courtesy Non-Linear Engineering, L.L.C.).
:® \\\ [R. Crook et al, Black Laboratory] &
20 ke = RS http://accelconf.web.cern.ch/AccelConf/srf2009/p
» osters/tuppo071_poster.pdf
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B Postulate:
Bl Strain left by forming and welding can be easily removed by recrystallization treatment
B => mechanical polishing of flat sheet easy and inexpensive !!!
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http://accelconf.web.cern.ch/AccelConf/srf2009/posters/tuppo071_poster.pdf

Surface: Grains are small,
distorted.

A lot of large, “white” spots
close to the surface: grains
are so distorted => cannot
refract e- any more

200 pm

Bulk : Grains are large,
slightly elongated,

NB some scratches remain from

the metallographic preparation

As received

of the cut (L damage <<100 nm)

+ Surface:
grains look homogenous in

size, with good diffraction all
over the explored zone

Surface detail T: except at the
scratch, grain exhibit
homogenous diffraction pattern

7
After 2 steps polishing 20 + 25 min

(Collaboration SOMOS 300 pm removed)

Polishing on flat surface is quick and easy.
Mechanical chemical preparation inspired from metallographic

polishing can produce damage layer, <100 NM | ¢ 2017| paces



CHARACTERISATION TOOLS

Local magnetometry
Point contact tunneling

Cp




LOCAL MAGNETOMETRY: MOTIVATION

I In real world cavities behavior is dominated by a few number of defects

I Itis very important to measure the penetration field of samples in realistic conditions

HRF

B Local magnetometry

B ~ Same geometry as cavities
B No shape/edge effect (vs DC/ Squid
magnetometry)

No demagnetization effect
Measures actual penetration field

Intensity of signal related to trapped
flux => ~ RF losses

Meissner state

C . ANTOINE | AWLC 2017 | PAGE 10



EXPERIMENTAL SET-UP

Vacuum holder

Sample
holder detail

Cryostat

Copper rod

(wires

thermalization)
Coil

connetion Temperature

i sensor
Coil <7 connetion

Thermal braid

I<_.. (coil cooling)

C . ANTOINE | AWLC 2017 | PAGE 11



POINT CONTACT TUNNELING

Tunneling spectroscopy

I Maps of superconducting properties
B (A, Tc, ¢) of alloys and structures
B Large sampling area: up to 1x1 mm2
B Future: visualize vortices.

(b)

Vaporizer cap

| Piezostack

Tip
Sample

X piezo
Y piezo
Coarse positioning

Screw hole
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MESURE DE CP

OBJECTIF :

» Mesure directe du Cp par calorimétrie pour des
échantillons de masses assez importante (entre
10g et 509).

MOYENS PRETS:

* L’Interrupteur thermique permet d’'ajuster les
parametres de mesure entre 300 et 4,2 K.

» L’Ecran de la cellule de mesure est quasi
iIsotherme sur tout la plage de mesure (4K-
300K): AT max de 0.8K@300K

» Effets Pelletier pour effectuer des mesures de
flux de chaleur

» Sondes de température Cernox

MOYENS EN COURS DE PREPARATION

» Fabrication de Cryostat d’essai

« Commande de groupe de pompage

« Commande des différents appareils de mesure:
« Acquisition National Instrument + Labview
» Reégulateur de température Lakeshore

[A. Four et al]

82 mm

135 mm

Partie reliée au
cryocooler

Interrupteur thermique
(Cuivre RRR100)

140mm

160 mm

Cellule de mesure, 6.5W@298K

A 283

x10°
283

2.82
V 6.67


mailto:0.8K@300K

FUTURE SUPERCONDUCTORS

ALD / doping studies

Multilayers




ALD/ MULTILAYER & DOPING #
o

Atomic Layer Dep05|t|on set up
NN S B AIN/MoN and AIN/NbTIN by ALD on Nb
already optimized.

B Coupons -> cavities is trivial

B Future: Integrate oven to existing set up

B Precursor development (collaboration)
B Doping

B UseALD as source of solid dopant

B Influence of diffusion barriers

B Characterization (PCT, LM...)
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B NbN single layers series

S layer thickness dg (nm)

= Magnetron sputtered

= MgO as dielectric layer

T laver thicknes s d7 (nm)

S8 layer thickmess .o (nm}
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=
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~+110 mT?
ILC shape
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Theoritical prediction from T. Kubo
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(nm roughness)
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Closeout to MAGNETOMETER RESULTS
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V3

1

W3 (mV)

ROLE OF THE DIELECTRIC LAYER'!

B Why do we have two transitions ?
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Second transition

TB. Bean and J. D. Livingston, Phys. Rev. Lett. 12, 14 (964NTOINE

@ Thin SC layer NbN
© Insulator MgO
® Thick SC layer Nb

H // surface => surface
barrier?

A defect locally weakens
the surface barrier

1st transition, vortex
blocked by the insulator
~100 nm => low dissipation.
2nd transition, propagation
of vortex avalanches (~100
pum) => high dissipation.
Dielectric layer = efficient
protection !!!
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Some on going research on...

B Quench localization w. OST

B Issues on apparent propagation time
= Checked with a sample/ heater set-up

= Problem: quench is not ponctual

- Dynamic heat propagation inside Nb should be considered
Heater|

B Flux trapping

B New program started with 6 GHz cavities purchased at
INFN

= Magnetic sensor = flux gate probes and/or AMR (anisotropic
magnetic resistance)

= Observation of flux expulsion :
- Various magnetic environments
- Various cooling scenario

C . ANTOINE
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CONCLUSION AND OUTLOOK ﬁ

Limited ressources but lot of activities

I Saclays R&D ranging from technological to upstream research
I Saclay has a political ambition in R&D, but it is still difficult to find ressources :
== Funding as well as manpower, students, ...
== NOw few FTE cleared for (nearly) full time R&D activity
B Highly specific characterization tools
== Allow us to collaborate with teams that have more ressources
== \We can keep in the loop on hot topics developed elsewhere
B We have a few « home » hot topics (e.g. ML)

== Promising results for future applications
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