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Niobium Film Technology y

typical Nb/Cu

/\ typical bulk Nb

s /\
Q B \ Q-Slope limits Nb/Cu

technology to low
accelerating gradients

Accelerating Gradient
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WHERE ARE WE TODAY?



Nb,Cu Technology for HIE Isolde
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Courtesy B. Bartova (CERN)

Microstructure and RF Performance

: . " []
® Standard Coating (-80 V) B
B High Bias Coating (-120 V) L
300 o
m
-]
c 250 ]
£ ]
o =
=
£ 200 .
z =
w
U =
< 150 | "
8 e
T "
< e
2100 | -
mE e®
-
e ®
50 | e o ® L]
ssssssese e ®
0

o} 10 20 30 40 50 80
RF Magnetic Field [mT]

15/09/2015

70

\
i

o TTTa—
" "Vl very dense film but
delamination due to high

stress in the film

High coating bias (-120 V)

sarah.aull@cern.ch 4



Sample Preparation @)
N/

RF cold test in CERN’s
Quadrupole Resonator

Mechanical polishing &
12 um EP

Nb coating at JLab
Electron beam welding &
Ultra-pure water rinse
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Microstructure of the Nb/Cu Sample y

Grain size copied from Cu
substrate (~ 50 um)

No visible porosity
Smooth interface
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Crystal Structure of the Nb/Cu Sample y

NS

Grain size copied from
substrate (~ 50 um)

Dense film

Smooth interface

No visible porosity
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Crystal Structure of the Nb/Cu Sample
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SC Properties

Nb/Cu bulk Nb
Penetration Depth A(0K) [nm] 37 + 2 39+ 2
Mean free path [nm] 182 + 24 126 + 18
RRR 67+ 9 47 + 7

R es(400 MHZ) [nQ]
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Energy gap “/kr. prop
300 45 :

® Nb Film $® NbFilm v
E 5o 4 Bulk Nb rh q0(| ® bulkNb 'k“'
-~ PRaot 35 Sl
g 200 g E 30 vh"{ ]
g ,g’:‘" - g o5 i*
£ 150 ";,’,' 2 {
a ,'r'"‘f @ ® /hf*
§ 100 i g 15 i’}
‘S E 2 o -
E | 1 1ot
5 50 27 ’}:;"}'*
o 5 " %

0 0 _uhik*%;'
1 2 3 4 5 6 8 2.0 2.5 3.0 3.5 4.0 4.5
1— (T/TC)4 Temperature [K]
15/09/2015 sarah.aull@cern.ch 7



Q-Slope: Film vs Bulk

400 MHz & 4 K
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Q-Slope: Film vs Bulk

400 MHz & 2.5 K
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Trapped Flux Sensitivity

400 MHz

RF
Sample ~_ 44444
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DC heater -
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Trapped Flux Sensitivity y

, 400 MHz
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= / uT Nb/Cu film is still less sensitive to
g g 0.04 nQ trapped flux.
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I ! Trapped flux sensitivity depends on RRR,
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consistent with bigger pinning
centres.
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Trapped Flux & Thermal Cycling

60 - . _ 400 Mz Residual resistance increase by 30 nQ
. 4 can not be explained with flux
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sensitive to thermo-electric currents
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Effect of Thermal Cycling on Q-Slope
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Thermal cycling also acts on

the Q-Slope.
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Summary y
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with a Q-Slope still less sensitive to

severely affected by

thermal currents?

comparable to bulk trapped flux
niobium at 4 K
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Where next»
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Trapped Flux Sensitivity \/

The trapped flux sensitivity I;\ IA
depends on operation frequency,

RRR and flux trapping efficiency.

Depinned flux line Pinned flux line
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http://arxiv.org/abs/1507.04105



