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Coating procedure
and characterization




Coating via magnetron sputtering

Reacted Reacted
After Coating During Coating

Coating parameters: a,-

N | W

Coating gas: Aror Kr

Coating pressures:
7-10%4 mbar ... 5102
mbar

Composition:
Sn 20 At% to 27 At%

Compulsory Annealing Alternative Annealing

Annealing temperatures 600 - 800°C Coating temperatures 600 - 735°C

Annealing time 24h...72h Alternative Additional Annealing 24h...72h




Structure and morphology
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T. films vs bulk
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Sample 1 vs Sample 2

Sample 1 : Sample 2 :

Cu/ Nb/ NbsSn (~1.5-1.7 ym) Cul Tal! Nb;Sn (~1.7 — 1.8 um)
— . -3 — . -3
P coating = 7 - 10 mbar (Kr) P coating = 5 - 10 mbar (Ar)
—_— o — (o)
T coating = 680°C (real lower) T coating = 750 °C
T annealing = 72 hours @ 670°C (real lower) T annealing = 24 hours @ 750 °C
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RF measurement setup and
technique




RF performances characterized
via a quadrupole resonator

Calorimetric technique
_ 2p5(Ppc1 — Ppcz)
R = —
|B|%dS
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QPR pros&cons

» Multi-frequency » Limited max RF field
operation: ideal for depending on the
basic studies frequency mode

» Small samples are » Limitations on the
easily coated and can minimum Rs measurable
be analyzed after the
RF characterization » Mechanical vibration of

the rods

» Samples are more cost
effective than cavities




Results




Sample 1 vs Sample 2
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Sample 2 performs much better

Sample 1 Sample 2
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R, lower by more than a order of magnitude




Rs (NQ)

Pronounced Q-slope
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The slope increases with both temperature and frequency
It requires further investigation




Large sensitivity to thermal cycling
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Large sensitivity to thermal cycling
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BCS superconducting parameters
from temperature dependence
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Aiming at larger mean free path

0
___ loursample |HB

A&y, 2, D) [NQK]  2.23x10° 2.99x10*
250 Ay [K] 30.1 29.9
R,.s [nQ)] 53.8 56.1

200 - e oursample
» Nbs3Sn/Nb at HZB

| BCS parameter A is the major difference

Very short mean free path could explain this

$

Full BCS parameter determination necessary

T (K)

S. Keckert et al., SRF2017
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Our films compare to state of the art
Nb,Sn on copper

Table 1: Material Parameters (from literature) [2] [1] [6] [7] 10°
Clean 19%Sn 22%Sn T7,.=11K e Thin film Nb_Sn (measured)
Nb Nb3Sn  Nb3Sn NbN e Thick film Nb,Sn (measured)
7. (K) 92 6 12 11 = BCS resistance of Nb
ﬁ 1.89 1.5 1.5 2 = o . BCS resistance of 19% Sn content Nb,Sn
A(om) 39 89 89 450 3,02 BCS resistance of 22% Sn content Nb,Sn
& (nm) 38 7 7 4 S
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T. Oseroff et al., IPAC2018




Comparing to Nb/Cu LHC cavities

Best cool down Predicted Q vs E assuming uniform coating
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Conclusions

Good quality of the
Nb,Sn coatings

Low residual resistance

Pronounced Q-slope and
very short mean free path




Conclusions

Good quality of the
Nb,Sn coatings

Low residual resistance

Pronounced Q-slope and
very short mean free path

There are reasons to be very optimistic
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Desired coating conditions
could not be reached
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NbsSn/Cu at 400 MHz
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Cf. T. reduction by

J. T. Rairden and C.A. Neugebauer “Critical Temperature of
Niobium and Tantalum Films”, Proc. IEEE 52, 10, p1234-1238

(1964)
Higher substrate temperature during

deposition
-> lower impurity (oxygen contect)—> higher
T, In case of Nb

2.
T, = 9.46 — —— = 9.46 —
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drastically
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Fig. 3—Ceritical temperatures of Niobium and Tantalum films as a
function of their resistance ratio.
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