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Motivation (1)

Q slope, a problem since 80°s
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Motivation (1)

Q slope, a problem since 80°s
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« Theoretical model from Vaglio and Palmieri
0-slope is related to local enhancement of the thermal boundary resistance at the Nb/Gu interface,
due to poor thermal contact between film and substrate V. Palmieri and R, Vaglio, Supercond. Sei. Technol, Jan, 2016

« Thick Film for hard coatings depeloped at LNL
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Motivation (1)

Q slope, a problem since 80°s

o I Tbath
Y Nb thin film
1o R A i | Copper cavity
INL IDEA Nb thick film
Increasing the thickness
Thermal dissipation could by-pass the thermal defect
Copper cavity

TTC 2020 CERN Legnaro Thick Films cristian pira@lnlinfi.it



Motivation (2)

BULK LIKE PROPERTIES ON A FILM » Thick films increase grain dimensions and RRR
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« Grain dimension >1pm
- RRR> 60
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6 GHz Base line
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First result
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How to avoid peeling/increase film quality? (1)

HIGH SUBSTRATE TEMPERATURE - 550 °C ey
(limited by Cu) L

region not At zone 1 ! ; 7, - nanocrystalline,
accessible % X with preferred
\ orientation

»Magnetron sputtering allows to play with T 0.1

porous,
- Limited access to exploration of the E axis tapered crystalltes
separated by voids,

tensile stress

densly packed 1
fibrous grains

- Simple configuration transition from tensile (low E*) to AW ;
p g compressive stress (high E¥) h:c:t 3??,332?,
compared to energetic condensation configurations region of possible  ragion not £+ and o etching
. low-temperture ibl
(HIP'MS, ECR, ) low-energy ion-assisted S destnes Al

epitaxial growth reduction of deposition by sputtering

A. Anders, “A structure zone diagram including plasma-based deposition and ion etching,” Thin Solid Films, 2010
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How to avoid peeling/increase film quality? (2)

LEROQ STRESS PRESSURE
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J. A. Thornton and D. W. Hoffman, “Stress-related effects in thin films,” Thin Solid Films, 1989
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How to avoid peeling/increase film quality? (2)

LEROQ STRESS PRESSURE
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J. A. Thornton and D. W. Hoffman, “Stress-related effects in thin films,” Thin Solid Films, 1989
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How to avoid peeling/increase film quality? (3)

DCON

Time

LONG PULSE DEPOSITION MODE e I
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Total time of process = 4 - 8 hours
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I40-70||m

Total Thickness
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How to avoid peeling/increase film quality? (3)
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How to avoid peeling/increase film quality? (3)
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How to avoid peeling/increase film quality? (3)

2
0.10 0.20
g 0.08 '4% 0.15
E 0.06 E
] 3 0.10
. ugs = \
long pulse deposition
. 2 ca LR T 3 -
Lo e e '\ : —
TR - - PR -
3 i 1 10 & ‘\“ﬁ' LN I"'cf’. ’
5 srain Size { “\: \'\ ~ B
o e NG R , RSN
-
-

one shot deposition

ey

Grain Size (Diameter) [ microns]

S increase grain dimension |'yy *% Oa
=81 and reduce dispersion |

' rphology stabilizes
after 40 microns

Cav 7, 100 pum single shot Cav 16, 75 um thick, 500nm single pulse layer thickness

Legnaro Thick Films cristian.pira@/nlinfn.it



Thick Films Morphology

Nb Post Magnetron Target

6 GHz cavity
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Thick Films Morphology

Channeling contrast images indicate
preferred direction of columnar growth

Nb Post Magnetron Target

6 GHz cavity

Courtesy of Reza Valizadeh (STFC)

TTC 2020 CERN Legnaro Thick Films cristian.pira@/nlinfn.it



Thick Films DG Properties

Cavity 21 Centre - 4.2 K hysteresis
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4 cavities characterized. All measurements was done on stripped Nb film on Kapton tape @ 4.2 K
Courtesy of Reza Valizadeh (STFC)

Nb thin films (ARIES samples) Nh thick films
1220 mT 140-155 mT
280-300 mT 320-350 mT

Courtesy of Fugen Seiler (JEF Bratislava)
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Thick Films DG Properties

CCCCC - Left - Standardisation curve Cavity 21 - Left - Hysteresis

Cavity 21 Centre - 4.2 K hysteresis
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4 cavities characterized. All measurements was done on stripped Nb film on Kapton tape @ 4.2 K
Courtesy of Reza Valizadeh (STFC)

Nb thin films (ARIES samples) Nh thick films
1220 mT 140-155 mT
280-300 mT 320-350 mT

Courtesy of Fugen Seiler (JEF Bratislava)

+ High Hy, value between (140155 m)

- All films shown almost identical superconducting behavior in DC magnetometer @ 4.2 K > No correlation with RF behavior
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Thick Films RF Results

- 30 cavities coated with thick films exploring different parameters
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Thick Films RF Results

- 30 cavities coated with thick films exploring different parameters
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Thick Films RF Results

- Great results Cavd
but still remain to understand and solve: geeeeccee e Best 6 GHz Bulk Nb
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Thick Films RF Results

- Great results
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Possihle explanation low reproduciblity > Substrate defects

1—>X
Y
X-RAY Thomograply analysis

B0

X-RAY r/mmogrp//y virtual cross-section

Paper submitted, courtesy of Sepideh Aliasghari (University of Manchester)
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Possihle explanation low reproduciblity > Substrate defects

X-RAY Thomagraphy analysis

EDS of a HIB
cross-section sample

Paper submitted, courtesy of Sepideh Aliasghari (University of Manchester)
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- Great results
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- Great results

but still remain to understand and solve: - o

Reproducibility issue
0Q-switch @ 4 MV/m
Substrate effect?

Hot leaks (< 10" mbar*l/s)

$

Magnetron source completely re-designed

Thick Films RF Results
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Gonclusions

» O-slope mitigation possible with thick films

- Low reproducibility and low accelerating gradient
- Substrate defects > Vibrotumbling (see TTC2019)

- Hot leaks > magnetron source re-designed

 New results soon
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Gonclusions

» (O-slope mitigation possible with thick films

- Low reproducibility and low accelerating gradient
- Substrate defects > Vibrotumbling (see TTC2019)

- Hot leaks > magnetron source re-designed

and future work

« Continue study on 6 GHz

« New results soon
- QPR samples

« 6 GHz > 1.3 GHz
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Thank you

for your attention
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New magnetron configuration

New

| 1Viton o-ring |

=
=

=
=

1 Copper gasket
2 Viton o-rings
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Coating Set-up
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Vibrotumbling

Step |

8h

0.3 gh
3,6 um/h

4h

0,01 g/h
0,1 um/h

Coconut
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Single Layer Thickness effect

Long Pulsed Deposition Mode - Effect of the Single Layer Thickness
IE-10 .
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How to avoid peeling/increase film quality? (3)

e Cav 3.1
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X-ray Gomputed Tomography

Sample

Projection
° D E> data

X-ray

Source @
g | Reconstruction |

Rotation typically Detector @

180-360°

« 3D —
. . Visualization

- Applies to virtually any sample and analysis

« Multiscale

 Non-destructive
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X-ray Gomputed Tomography
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