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Outline

• Nb limitations

• Choice criteria

• Challenges

• State of the art review
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Nb limitations

5EASIschool 3 - Genoa, Italy - G. Rosaz



Ultimate limits (Eacc)

• Fields of 50MV/m have been reached

• De-pairing limit

6

D. Bafia et al, Gradients of 50MV/m in Tesla shaped

cavities via modified low temperature bake. 

DOI:10.18429/JACoW-SRF2019-TUP061

Can we push this limit?
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Ultimate limits (Q0)

7

S. Posen et al, Ultralow surface resistance via 

vacuum heat treatment of superconducting radio-

frequency cavities. Phys. Rev. Applied 13, 014024 

(2020).

https://doi.org/10.1103/PhysRevApplied.13.014024

Can we push this limit?

• Rres ~ 0.63 nΩ reached 

(1.3GHz, 16MV/m)
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Ultimate limits - levers

 HRF  1/Rs

 Tc

8

How can we push both Eacc and Q0?

Eacc Q0

LIMIT = transition from SC to Mixed/Normal Conducting state
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Ultimate limits – critical fields

9

Type I and Type II

Ginzburg-Landau parameter

k=l/x
l = penetration depth

x = coherence length

GL parameter k (= l/x)
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Ultimate limits – critical fields

11

GL parameter k (= l/x)
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Ultimate limits – critical fields
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GL parameter k (= l/x)
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H>HSH Cooper pairs are instable

 Critical pair breaking velocity

RF current density Js=
𝐻

l
approaches depairing

current density Jd = 
𝐻𝑆𝐻

l

No theory for HSH(T) at low T and finite k

Theoretical SRF field limits are unknown
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Surface Resistance

𝑃𝑙𝑜𝑠𝑠 = 𝑤𝑎𝑙𝑙
𝑅𝑠 𝐻𝑡

2𝑑𝐴
(cf E. Jensen talk)

Surface Resistance

𝑅𝑠 = 𝑅𝐵𝐶𝑆 𝑇 + 𝑅𝑟𝑒𝑠
(cf R. Vaglio talk)
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BCS surface resistance

15

𝑅𝐵𝐶𝑆 = 𝐴 l𝐿
4, ξ𝐹 , 𝑙, ρ𝑛

ω2

𝑇
𝑒 Τ−Δ 𝑘𝑇

What are we looking for?

- High Tc

- T<<Tc

- Good NC properties (low ρn)

- Not too large mean free path (l)

- Large gap 
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Residual Resistance

Everything else !!!

Material: defects (grain boundaries, dislocations, vacancies…), 

impurities, oxides, roughness …

Environement: Trapped flux : can be quantified and mitigated.

No formula predicting Rres (R. Vaglio talk)
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Choice criterion

17

Nb3SnYBCO
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Recall

• High Tc

• Good Metal – low resistivity

• Large gap

• High HSH, Hc, small k

What else?

18

High Q0

High gradient
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Recall

• High Tc

• Good Metal

• Large gap

• High HSH, Hc, small k

What else?

19

High Q0

High gradient
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Gap

• Importance of 

symmetry

• s-wave vs d-wave

20

High-Tc cuprates

Heavy fermions

Borocarbides

ferropnictides

Conventional

BCS 

superconductors

ferropnictides

Power-law Rs and gap 

suppression by 

nonmagnetic impurities

Rs  TS, s~2-3

REBCO excluded
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Coherence length x

• Spatial variation of the superfluid density ns(r) or superconducting

gap D(r)

• In practice?

• Typical length scale over which a defect starts acting « efficiently »

21EASIschool 3 - Genoa, Italy - G. Rosaz

Nb films appear to be insensitive – Large grains are 

detrimental



Coherence length x

• Spatial variation of the superfluid density ns(r) or superconducting

gap D(r)

• In practice?

• Typical length scale over which a defect starts acting « efficiently »

22

J. Lee et al. / Acta Materialia 188 (2020) 155-165

If dealing with low x materials:

Strong efforts required to 

optimize the long range order

parameter.
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Material Tc

[K]

ρn(μΩc

m)

Hc(0) 

[mT]

Hc1(0) 

[T]

Hc2(0) 

[T]

HSH

[T]

l(0) 

[nm]
D

[meV]

x

[nm]

Type

Nb 9.23 2 200 0.17 0.28 0.219 40 1.5 28 II

Pb 7.2 80 N/A N/A 48 I

NbN 16.2 70 230 0.02 15 0.214 200-

350

2.6 <5 II, B1 

comp.

NbTiN 17.3 35 0.03 150-

200

<5 II, B1 

comp.

Nb3Sn 18 20 540 0.05 30 0.425 80-100 3.1 <5 II, A15

V3Si 17 4 720 0.072 24.5 179 2.5 <5 II, A15

Mo3Re 15 10-30 430 0.03 3.5 0.17 140 II, A15

MgB2 40 0.1-10 430 0.03 3.5-60 0.17 140 2.3/7.

2

2.3/7.2 II- 2 gaps

2H-NbSe2 7.1 68 120 0.013 2.7-15 0.095 100-

160

8-10 II-2gaps

YBCO 93 1400 0.01 100 1.05 150 20 0.03/2 d-wave

Pnictides 30-

55

500-900 0.03 >100 0.756 200 10-20 2 s/d wave
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Challenges
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Thermal Conductivity
• In a SC e- are not available

for thermal conductivity

• In bulk form high RRR is

mandatory

• Is high RRR reachable and 

actually needed other than for 

conductivity?

26

Ref: P. Pierini, Fundamental of cryogenics for SRF technology

(https://arxiv.org/ftp/arxiv/papers/1307/1307.8286.pdf)
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Thermal Conductivity
• In a SC e- are not available

for thermal conductivity

• In bulk form high RRR is

mandatory

• Is high RRR reachable and 

actually needed other than for 

conductivity?

27

Thermal conductivity of niobium as a function of temperature, for 

various RRR values

B. Bonin, Materials for superconducting cavities

(https://cds.cern.ch/record/399568/files/p191.pdf)
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Thermal Conductivity
• In a SC e- are not available

for thermal conductivity

• In bulk form high RRR is

mandatory

• Is high RRR reachable and 

actually needed other than for 

conductivity?

THIN FILMS MIGHT BE THE 

ONLY WAY TO MOVE BEYOND 

BULK

High thermal conductivity

substrate (Cu, Al…)

28

B. Bonin, Materials for superconducting cavities

(https://cds.cern.ch/record/399568/files/p191.pdf)

Bulk Nb

Nb/Cu films

1.5GHz, 4.2K
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Elaboration

• Sheets forming

• Metallic materials available

• Expensive

• Thin film growth

• « cheap » substrate or bulk Nb

• Less material required

• Better thermal conductivity

• Tunable structure 

• Multilayers possible
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Defects

31

• Low roughness

• As low as possible
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Defects

32

• Low roughness

• As low as possible

• High film density

• The more porous the layer 

the stronger the Q-slope

• Observed on different

substrate shapes

S.Calatroni, 20years of experience with the Nb/Cu technology for superconducting cavities and perspectives for future developments, Physica C 441 (2006) 95-101
EASIschool 3 - Genoa, Italy - G. Rosaz



Substrate

A GOOD FILM WILL NEVER RECOVER A POOR 

SUBSTRATE

33

Lower part

0.5mm 0.2mm

Manufacturing and surface treatment must be

flawless
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State of the art
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Nb compounds - NbN

35

Many crystalline phases

Nitrogen dissolves in the metal forming -

Nb(N) solid solution

SRF application: focus on -phase
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Nb compounds - NbN

36

High Tc (17.2K)

Low SEY

Stable

Elaboration: 

• Reactive sputtering, 

• Atomic Layer Deposition, 

• High temperature Chemical Vapor Deposition, 

• Thermal Diffusion

Anomalously high resistivity in NC state

Tc very sensitive to nitrogen stoichiometry

Sensitivity to vacancies

MOST LIKELY TO BE USED IN MULTILAYER STRUCTURES

P. Alen, M. Ritala, K. Arstila, J. Keinonen, and M. 

Leskelae, Thin Solid Films 491:235 (2005).
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Nb compounds NbTiN

• Ti stabilizes phase

• Reduction of resistivity in NC 

state

• Tc as high as for NbN

• Very good physical properties

(hardness, adherence…)

Elaboration: Reactive sputtering

(CEA, CERN, INFN)

• Sensitivity to N content

37

Low surface resistance at low field

but major Q-slope

Cathode poisoning

C. Benvenuti et al, (NbTi)N and NbTi coatings for 

superconducting accelerating cavities, SRF91E15
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A15 compounds
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A15 compounds

• 76 known, 46 superconducting

• Brittle

• Thin film is the only approach

• Long range order is critical

39

Compound Tc [K]

Nb3Ge 23

Nb3Al0.7Ge0.3 21

Nb3Ga 20.7

Nb3Al 19.1

Nb3Sn 18

Nb3Au0.7Pt0.3 13

V3Si 17

V3Ga 15.9

Mo3Re 15

A
B
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A15 compounds

• 76 known, 46 superconducting

• Brittle

• Thin film is the only approach

• Long range order is critical

• Narrow composition range

40

A
B

Can be synthesized

- directly onto Nb cavity

- By thin film coating (sputtering) 
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Nb3Sn – Tin vapor diffusion

• FNAL

41

T. Spina et al, Development and Understanding of Nb3Sn films for radiofrequency applications 

through a sample-host 9-cell cavity, https://arxiv.org/ftp/arxiv/papers/2006/2006.13407.pdf
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Nb3Sn – Tin vapor diffusion

• FNAL

42

S. Posen, TTC2020, 

(https://indico.cern.ch/event/817780/contributions/371548

1/attachments/1982719/3302397/TTC2020_Nb3Sn_pose

n_v2.pdf)

T. Spina et al, Development and Understanding of Nb3Sn films for radiofrequency applications 

through a sample-host 9-cell cavity, https://arxiv.org/ftp/arxiv/papers/2006/2006.13407.pdf
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Nb3Sn – Tin vapor diffusion

• FNAL

43

S. Posen, TTC2020, 

(https://indico.cern.ch/event/817780/contributions/371548

1/attachments/1982719/3302397/TTC2020_Nb3Sn_pose

n_v2.pdf)

T. Spina et al, Development and Understanding of Nb3Sn films for radiofrequency applications 

through a sample-host 9-cell cavity, https://arxiv.org/ftp/arxiv/papers/2006/2006.13407.pdf

Cryocooler 

4 K stage

Nb3Sn cavity

5N aluminum 

thermal link

Fermilab design for conduction cooling
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Nb3Sn – Tin vapor diffusion

• CORNELL

44

Tin source

Secondary 

heater
Tin crucible

Primary heater

Cavity

Nucleation 

agent (SnCl2 )Cryocooled cavity

demonstrated
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Nb3Sn – Tin vapor diffusion

• CORNELL

46

Tin source

Secondary 

heater
Tin crucible

Primary heater

Cavity

Nucleation 

agent (SnCl2 )Cryocooled cavity

demonstrated

NEW PROPOSAL

Sn electroplating onto Nb before heat treatment

Vapour Diffusion Nb3Sn

Ra ~ 300 nm

Sn Electroplating Nb3Sn

Ra ~ 60 nm
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Nb3Sn – Tin vapor diffusion

• JLab

47

G. Eremeev et al, Nb3Sn multicell cavity coating system 

at Jlab, https://arxiv.org/pdf/2001.03823.pdf

Target: Reduce

thermal impedance

Review of Scientific Instruments 91, 073911 

(2020); https://doi.org/10.1063/1.5144490
EASIschool 3 - Genoa, Italy - G. Rosaz
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Nb3Sn – bronze route

• Traditionnal technique for SC wires

48

A. Kikuchi Nb2Sn thick layers synthesized via bronze route, TTC2020, 

https://indico.cern.ch/event/817780/contributions/3715492/attachments/1982739/3302429/TTC_meeting_2020_Akihiro_Kikuchi.pdf
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Nb3Sn – bronze route

• Traditionnal technique for SC wires
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A. Kikuchi Nb2Sn thick layers synthesized via bronze route, TTC2020, 

https://indico.cern.ch/event/817780/contributions/3715492/attachments/1982739/3302429/TTC_meeting_2020_Akihiro_Kikuchi.pdf
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Nb3Sn – bronze route

• Traditionnal technique for SC wires

50

A. Kikuchi Nb2Sn thick layers synthesized via bronze route, TTC2020, 

https://indico.cern.ch/event/817780/contributions/3715492/attachments/1982739/3302429/TTC_meeting_2020_Akihiro_Kikuchi.pdf
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Nb3Sn – bronze route

• Traditionnal technique for SC wires

51

A. Kikuchi Nb2Sn thick layers synthesized via bronze route, TTC2020, 

https://indico.cern.ch/event/817780/contributions/3715492/attachments/1982739/3302429/TTC_meeting_2020_Akihiro_Kikuchi.pdf
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Nb3Sn - Sputtering

52

Sputtering from single 

target Nb(75%)Sn(25%)

Either RT or high 

temperature coatings

EASIschool 3 - Genoa, Italy - G. Rosaz

E A Ilyina et al 2019 Supercond. Sci. Technol. 32 035002



Nb3Sn - Sputtering
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Sputtering from single 

target Nb(75%)Sn(25%)

Either RT or high 

temperature coatings

Ta layer addition
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Nb3Sn - Sputtering
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Sputtering from single 

target Nb(75%)Sn(25%)

Either RT or high 

temperature coatings

Ta layer addition
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Nb3Sn - Sputtering

55

Sputtering from single 

target Nb(75%)Sn(25%)

Either RT or high 

temperature coatings

Ta layer addition

E A Ilyina et al 2019 Supercond. Sci. Technol. 32 035002
EASIschool 3 - Genoa, Italy - G. Rosaz
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Nb3Sn – Sputtering - layered
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Annealing 

temperature (°C)

Tc (K) ΔTc (K) RRR

850 17.61 0.08 3.92

950 17.63 0.09 3.71

1000 17.66 0.11 3.33

1100 17.51 0.25 2.01

1200 7.9 0.05 2.58

Md. Nizam Sayeed et al, TFSRF 2018



How far can Nb3Sn go?

57

T. Proslier, Correlations between Tunneling Spectroscopy and SRF cavity performances, TTC2020 

https://indico.cern.ch/event/817780/contributions/3715517/attachments/1982513/3302032/TTC-Proslier.pdf
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MgB2
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MgB2

59

• Very high Tc (~40K)

• Low resistivity

• Orientation

• 2 gaps :

• Δ𝑁𝑏 = 1.5 𝑚𝑒𝑉 < Δπ
𝑀𝑔𝐵2= 2.3𝑚𝑒𝑉 < Δ𝑁𝑏3𝑆𝑛= 3.1𝑚𝑒𝑉 < Δσ

𝑀𝑔𝐵2= 7.1𝑚𝑒𝑉

RF response has shown lower energy gap behavior. 

There is room for better performance than Nb, since the 

resistivity can also be made quite low (best values are 1 µWcm).

May not be better than Nb3Sn

C. Buzea and T. Yamashita, Superconductor Sci. Technol. 14 (2001) R115.
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MgB2

60

gas +MgB2 : Mg excess 

does not condense on the 

film surface and MgB2 is 

stable

Z.-K. Liu et al., APL 78(2001) 3678.

optimal T for epitaxial growth ~ Tmelt/2 

For MgB2 , 540°C   → it requires PMg ~11 Torr

Too high for UHV deposition techniques (PLD, MBE...)

M. Naito and K. Ueda, SUST 17 (2004) R1

Mg

MgB2

Kinetically limited Mg evaporation

At PMg = 10-4-10-6 Torr, Tsub ~ 400°C

compatible with MBE

MgB2 is stable, but no MgB2 formation: 

Mg atoms re-evaporate before reacting with B

At P=10-6 Torr and T> 250°C 

no accumulation of Mg will take place on the substrate 

the growth of the superconducting phase is very slow 

due to a large kinetic energy barrier. 

evaporation Mg pressure from MgB2 < decomposition curve of MgB2 < Mg vapor pressure
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MgB2 - HPCVD
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Thickness 770 nm

Clean HPCVD MgB2  thin films with excellent properties:

•RRR>80 low resistivity (<0.1 μΩ) and long mean free path

• high Tc ~ 42 K (due to tensile strain), high Jc (10% depairing current)

• low surface resistance, short penetration depth

• smooth surface (RMS roughness < 10 Å with N2 addition)

• good thermal conductivity (free from dendritic magnetic instability)
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Tan et al., APL Materials 3, 041101 (2015)

Hc1 enhancement (X.X.Xi, 8th TFSRF workshop) 



MgB2 - HPCVD

EASIschool 3 - Genoa, Italy - G. Rosaz 62

• Eutectic Mg–Cu liquid promote growth of 

MgB2 at low temperature.

• Mg2Cu alloy acts as a source of Mg for the 

growth of MgB2.

• MgCu2 peaks observed along with MgB2.



MgB2 – Cavity Coating
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J Supercond Nov Magn (2013) 26:1563–1568 DOI 10.1007/s10948-012-1969-3



MgB2 – Doping
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• nonlinearity and conductance of MgB2 at low 

temperatures are dominated by the smaller π gap

W. K. Withanage et al, IEEE TRANSACTIONS ON APPLIED 

SUPERCONDUCTIVITY, VOL. 29, NO. 5, AUGUST 2019

• Chemical doping and ion implantation/irradiation have 

been successfully used to modify the energy gaps in 

MgB2, causing both the σ and π gaps to decrease

• Possibility to merge the two gaps below 20K 
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• nonlinearity and conductance of MgB2 at low 

temperatures are dominated by the smaller π gap

W. K. Withanage et al, IEEE TRANSACTIONS ON APPLIED 

SUPERCONDUCTIVITY, VOL. 29, NO. 5, AUGUST 2019

• Chemical doping and ion implantation/irradiation have 

been successfully used to modify the energy gaps in 

MgB2, causing both the σ and π gaps to decrease

• Possibility to merge the two gaps below 20K 

• Al implantation into MgB2

• Lattice recovery studies to be performed + RF



Multilayers
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S-I-S multilayers

Most of the SC cited have higher Tc but lower Hc1 than Nb

New structure proposed by A. Gurevich in 2006

68

Alex Gurevich, Appl. Phys. Lett. 88, 012511 (2006)

Multilayer coating of SC cavities:

alternating SC and insulating layers 

with d < l

Higher Tc thin layers provide 

magnetic screening of the Nb SC 

cavity (bulk or thick film) without 

vortex penetration

 Strong increase of Hc1 in films allows using RF fields > Hc

of Nb, but lower than those at which flux penetration in 

grain boundaries may become a problem=> no transition, 

no vortex in the layer

 high HC1 applied field is damped by each layer

 insulating layer prevents Josephson coupling between 

layers

 applied field, i.e. accelerating field can be increased 

without high field dissipation

 Strong reduction of BCS resistance (ie high Q0)  because 

of using SC layers with higher Tc, D (Nb3Sn, NbN, etc)

Possibility to move operation from 2K to 4.2K
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S-I-S multilayers

69

Meissner state is stable if:

- Screening current at both SC surface is < depairing current

- J(0) < Jd = Hs/l and J(d)<Jd0 = Hs0/l0

- If d is small, HSH
S is high, but most of the field reaches S0

- If d is high, HSH
S is lower but screening is more efficient

Where is the optimum?

0 d

Maximum screening field Hm at 

optimum thickness dm

Kubo et al, APL, 104, 032603 (2014);  SUST, 30, 023001 (2017); 

(London calculations)

Posen, et al, Phys. Rev. Appl. 4, 044019 (2015)

(London and GL calculations)

A. Gurevich, SUST 30, 034004 (2017) EASIschool 3 - Genoa, Italy - G. Rosaz



S-I-S multilayers
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Hm at the optimum thickness exceeds the bulk superheating fields of both Nb and the layer 

material because of counterflow induced by Nb in the S layers with λ > λ0

For λ >> λ0, practically for λ > 160 nm for a S layer on the Nb cavity with λ0 = 40 nm, Hm

approaches the limit  

Kubo et al, APL, 104, 032603 (2014);  SUST, 30, 023001 (2017); 

(London calculations)

Posen, et al, Phys. Rev. Appl. 4, 044019 (2015)

(London and GL calculations)

A. Gurevich, SUST 30, 034004 (2017) 
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S-I-S multilayers
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Hm at the optimum thickness exceeds the bulk superheating fields of both Nb and the layer 

material because of counterflow induced by Nb in the S layers with λ > λ0

For λ >> λ0, practically for λ > 160 nm for a S layer on the Nb cavity with λ0 = 40 nm, Hm

approaches the limit  

 Dirty Nb layer: Hc = 200 mT,   Hs = 170 mT,    l = 2 nm, and  λ =λ(ξ0 /l)1/2 = 180 nm

Hm = 288 mT,   Eacc = 70 MV/m       dm =  0.44λ  = 79 nm. +20% compared to HSH
clean Nb = 240 mT

Kubo et al, APL, 104, 032603 (2014);  SUST, 30, 023001 (2017); 

(London calculations)

Posen, et al, Phys. Rev. Appl. 4, 044019 (2015)

(London and GL calculations)

A. Gurevich, SUST 30, 034004 (2017) 
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S-I-S multilayers
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Hm at the optimum thickness exceeds the bulk superheating fields of both Nb and the layer 

material because of counterflow induced by Nb in the S layers with λ > λ0

For λ >> λ0, practically for λ > 160 nm for a S layer on the Nb cavity with λ0 = 40 nm, Hm

approaches the limit  

 Dirty Nb layer: Hc = 200 mT,   Hs = 170 mT,    l = 2 nm, and  λ =λ(ξ0 /l)1/2 = 180 nm

Hm = 288 mT,   Eacc = 70 MV/m       dm =  0.44λ  = 79 nm. +20% compared to HSH
clean Nb = 240 mT

 Nb3Sn: Hs = 0.84Hc =  454 mT and λ = 120 nm (moderately dirty):

Hm = 507 mT,      Eacc = 120 MV/m,     dm = 1.1λ = 132 nm x2 HSH
clean Nb

Kubo et al, APL, 104, 032603 (2014);  SUST, 30, 023001 (2017); 

(London calculations)

Posen, et al, Phys. Rev. Appl. 4, 044019 (2015)

(London and GL calculations)

A. Gurevich, SUST 30, 034004 (2017) 
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S-I-S multilayers
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Hm at the optimum thickness exceeds the bulk superheating fields of both Nb and the layer 

material because of counterflow induced by Nb in the S layers with λ > λ0

For λ >> λ0, practically for λ > 160 nm for a S layer on the Nb cavity with λ0 = 40 nm, Hm

approaches the limit  

 Dirty Nb layer: Hc = 200 mT,   Hs = 170 mT,    l = 2 nm, and  λ =λ(ξ0 /l)1/2 = 180 nm

Hm = 288 mT,   Eacc = 70 MV/m       dm =  0.44λ  = 79 nm. +20% compared to HSH
clean Nb = 240 mT

 Nb3Sn: Hs = 0.84Hc =  454 mT and λ = 120 nm (moderately dirty):

Hm = 507 mT,      Eacc = 120 MV/m,     dm = 1.1λ = 132 nm x2 HSH
clean Nb

Kubo et al, APL, 104, 032603 (2014);  SUST, 30, 023001 (2017); 

(London calculations)

Posen, et al, Phys. Rev. Appl. 4, 044019 (2015)

(London and GL calculations)

A. Gurevich, SUST 30, 034004 (2017) 
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S-I-S multilayers - realistic
- Boundary conditions (finite dielectric thickness)

74
A. Gurevich, AIP Advance 5, 017112 (2015)

T. Kubo, Supercond. Sci. Technol. 30, 023001 (2017) EASIschool 3 - Genoa, Italy - G. Rosaz



S-I-S multilayers - realistic
- Boundary conditions (finite dielectric thickness)

- Quasiclassical theory vs London approx.

75
A. Gurevich, AIP Advance 5, 017112 (2015)

T. Kubo, Supercond. Sci. Technol. 30, 023001 (2017) EASIschool 3 - Genoa, Italy - G. Rosaz



S-I-S multilayers - realistic
- Boundary conditions (finite dielectric thickness)

- Quasiclassical theory vs London approx.

- Material suppression factor  = f(defects size, shape …)

76
A. Gurevich, AIP Advance 5, 017112 (2015)

T. Kubo, Supercond. Sci. Technol. 30, 023001 (2017) EASIschool 3 - Genoa, Italy - G. Rosaz



S-I-S multilayers - realistic
- Boundary conditions (finite dielectric thickness)

- Quasiclassical theory vs London approx.

- Material suppression factor  = f(defects size, shape …)

77
A. Gurevich, AIP Advance 5, 017112 (2015)

T. Kubo, Supercond. Sci. Technol. 30, 023001 (2017)

Dirty Nb-I-Nb

180mT

NbN-I-Nb

190mT 270mT
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S-I-S multilayers - RESULTS
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Compare with what is expected for 
bulk Nb : ~1300 Oe @ 4.5 K !

MgO (100) substrate

600(*) / 250(**)  nm 

Nb “bulk like”

~ 15 nm insulator (MgO)

~30(*) or 50 nm (**)

NbN *

**

WM Roach, et al, IEEE Trans. Appl. Supercond. 23 (2013)
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S-I-S multilayers - RESULTS
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x

x

x

x

x

x

Nb with defects*,        

with BC1=50 mT

* e.g. morphologic 

defects that allow earlier 

vortex penetration See 

SST paper cited earlier

Ideal Nb substrate 

with BC1=170 mT

x

x

x

x

x

x

Theoritical predictions from T. Kubo (KEK)

The enhancement of the field 

penetration increases with thickness of 

NbN

It reaches a saturation at thicknesses > 

100 nm
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S-I-S multilayers - RESULTS
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Sebastian Keckert (TTC2020)



Conclusion

• Nb close to its limits – still some room to play

• « New » materials open the way to high Q and high field

applications

• Nb3Sn has demonstrated to be viable for high Q, cryocooler cooled

application … 

• … but may have reached its maximum capabilities.

• ML structures are VERY promising … transfer to complex shape ?

• Thin film are attracting more and more interest for the post-Nb era

• Lot of work remains to control de defects density in those layers

(and which ones?)
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Personal remarks
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Personal remarks

Spend time on your substrate preparation/manufacture

90% of the work
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Personal remarks

Spend time on your substrate preparation/manufacture

90% of the work

Think beyond the sample scale

How to scale up? (recipe, coating setup, quality check…)
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Personal remarks

Spend time on your substrate preparation/manufacture

90% of the work

Think beyond the sample scale

How to scale up? (recipe, coating setup, quality check…)

Be careful with « magnet » recipes

Different application / objectives 
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