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Wupperthal method: diffusion of Sn in a Nb cavity
Nb,Sn Q, at 4,2K ~ Nb Q, at 2K

Moderate increase of Q, between 4K to 2K -> Non-BCS
Q, decrease at ~ 6K

Have we reached the limits of Nb,Sn ?
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Vaporizer cap

! Piezo stack
Piezo Stack |
Thermometer Tip

hole location sample

13 . X piezo
Sample Mount ES
\

Fse plate

Y piezo

Z piezo Coarse positioning

Screw hole

" Temp: 1,4 K — Magnetic field: 6 T

= Variable junction resistance: 2.10? — 2.10° Q.
» Cartography: 10 um — 1 mm

= Fast measurements: 100-300 jonctions/5hrs
* Transport (RRR, Tc vs H applied...)

= Hall Effect

= Sample size: 10x10 mm

IRFU/Service Nb3SnSRF20’ — 10/11/2020 Page 7



La cartographie:
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Standard:
" lines of Al(6 nm)/Nb (80 nm) on Au (200 nm)
= (Calibration: X = 4,1 nm/V

Y =4,9 nm/V
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Sample Coating Coating Annealing Annealing Positio Nucleation AT(°C) A Comments
Temp Time (hr) Temp (°C) Time (hr) n agent [nm]
(°C) (SnCl,)
Vesta 1200 3 1100 6 Equator NO 0
Apollo 1200 3 1100 6 Equator YES 0
Ramp Test 1200 3 1100 6.5 Low YES 0
Jupiter 1200 3 1100 6.5 High YES 150 198 RF test
Minerva 1200 3 1100 6.5 High YES 150 Large Grain Nb
ERL1-4 Jan 1200 3 1100 6.5 Low YES 150 161 RF test
ERL1-4 1200 3 1100 6.5 Low YES 150 Large Grain Nb
June LG
Ceres 1200 3 1100 16 Low YES 150 174 RF test
TE1-7 1200 8 1100 6.5 Low YES 150 RF test
ERL1-4 1200 3 1100 0.5 Low YES 150 139 RF test
Sept
60 7

Extended anneal (ERL1-4)
Short anneal (ERL1-4)

* Different coating parameters: 50 - TE1-7 | o Stanarameal Er1-0)

. . = o Extended coating (TE1-7)
- goatmlg tlmg < 0] /’;;;”.,.,._',f“
- nnea 1.ng time s .. ,o Ceres
- Nucleation agent ik I A Tl ee 00
. . Pt T
- AT between source and cavity g #‘ T & g
g 209 ¢+ ERL1-4 Jan __,""3":_3—°—"‘
2 I Lol
* Different position in the furnace 10 i,.;-"' ERL1-4 Sept
=
0 T T T T T T 1
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Peak surface RF field (mT)
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. : *  But pockets of Nb rich phases:
A > Nb and '/ A is small Lower Te and A

-> Quality factor @ 4K is ~ Nb @ 2K - Carbon contamination
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8 ERL1-4 Jan

Sn Conc [%]

1§x =t
N
X

* Nb riche phase riche :
* Interface Nb-Nb,Sn, grain boundaries Crystallite ~200-300 nm (XRD)

* 60% Nb,Sn
* Pockets near the surface
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Quench field vs Average Gap
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» Linear dependence of Emax on the average surface gap (~300x300 um)

» Hceyxp~3.5 times the H, but why this gap dependence? Roughness, effective penetration depth?
» A15 compounds (V3Si, Nb;Sn, Nb;Al...) are good for Q, and higher operation temp. (4,2 K)

» But what about E,;,x ? How to increase E,;sx ?
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Collaboration with A. Glatz (OSCon Project = Optimizing supercond. Transport properties
Through large scale simulation).
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* Nb3Sn film under AC field (1,3 Ghz) parallel to the surface, volume (256 & )* ~ (1,3 um) *
= Approximations: Time Dependent Ginzburg-Landau (TDGL) -> A =© and T ~ T
= Dissipation W = (|d;1|%) , time variation of the order parameter over 100 oscillation periods (10° Hz)
- > Quench = pénétration de vortex

IRFU/Service Nb3SnSRF20’ — 10/11/2020 Page 15



Variation of superconducting properties: Case of Low Tc inclusions 6K
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= Vortex penetration at lower external field amplitude
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Variation of superconducting properties: Surface layer Low Tc 6K
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* Two Vortex penetration fields: Low Tc phase and High Tc phase.
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The END




Lattice Parameter []
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Devantay et al. J. of Mat. Science 1981
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30

20 [deg.]

SEM: Grains ~ 0.5 to 1 Jm
XRD: Polycrystalline,
Crystallite ~ 200 nm (?)
Phase A15: different stoichimetry
25% Sn (Nb,Sn)
17% Sn
Difterent supraconductivity:
Ty =16-18K — A= 3 meV
To=6K—-A<1meV
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Devantay et al. J. of Mat. Science 1981
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e Same conditions -> same results
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Nb,Sn/Nb (Cornell) - mécanisme
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* Processus de diffusion : 1000°C -> Segregation de phase 17% Sn and Pure Nb
* Accumulation de region a 17%

* Suggere
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plus haute concentration Sn
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