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ÅTechnical Ὅ

ÅStabilization

ÅMultifilamentary wires

ÅSuperconducting materials used for conductors

ÅNbTi

ÅNb3Sn

Å(MgB2)

ÅEffect of forces on superconductors
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Technical Ic
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ÅDissipation in superconductors
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Courtesy of Raphael Unterrainer



ÅTransition can be often approximated by Ὁ Ὁ or Ὅθ Ὁ

ÅLinear on a double logarithmic scale

ÅTwo main reasons for a broadening of the transition

ÅIntrinsic: thermal activation of vortices out of the pinning potential Ὗ

ὲ
Ὗ

ὯὝ

ÅMaterial inhomogeneities ὲ ȩ

ÅñWell-behavedò superconductors: ὲṃσπ

ÅImportant for applications: predictable (extremely) low loss behavior.

Resistive transition

5

Tsuchiya et al., Cryogenics 85 (2017) 1



A high current density is a necessary condition for 
applications, but it is not sufficient.

Other crucial requirements:

ÅHave high tolerance to stress

ÅBe safe in case of magnet quench

ÅHave low magnetization

ÅHave a persistent joint technology

Quench detection, NZPV

Applications to NMR, MRI, HEP magnets

Applications to NMR, MRI

Magnetic forces

ÅStability against small thermal perturbances

Requirements on a superconducting wire



Stabilization
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ÅA technical conductor needs stabilization

otherwise:

ÅA small disturbance leads to dissipation

ÅThe superconductor heats up

ÅDissipation increases

ÅQuench

ÅIdea: Current can bypass the disturbed area

ÅAllows the superconductor to recover

Liquid helium

Copper

SuperconductorDisturbed

area

Coil  

Short wire sample  

Critical current (A)

Magnetic field (T)



Multifilamentary wires
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ÅThin filaments: Large surface to volume fraction

ÅEfficient heat and current transfer

ÅMatrix

ÅLow resistivity

ÅCompatible properties

ÅTwisted filaments

ÅAvoid inductions loops 

Filaments
Matrix



Multifilamentary wires
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ÅInduction loops 

Åstore energy that may trigger an instability

Ådistort the field quality

ÅSelf screening of filaments cannot be avoided

ÅTransport current only flows in a small part of the 

filament when ramping a magnet at low fields

ÅRemaining part shields any field changes

ÅCurrent loops can close over the low ohmic matrix 

driven by the induction voltage (or over bridges)

ÅTwisting reduces inductive filament coupling efficiently

ÅCurrent loops become smaller (longitudinally and 

transversal)

ÅA local disturbance releases less energy

B



LTS materials (typical values)
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Tc(K) Bc2(T)1 Jd(MA/cm2)1 Advantages Disadvantages

NbTi 9.5 11 40 Å easy to handle

Å optimized

Å cheap

Å low Tc

Å small Bc2

Nb3Sn 18 27 200 Å higher Tc

Å high Bc2

Å brittle

Å in-situ process

Å wind and react

Å expensive

Å under optimization

MgB2 39 10 130 ÅñHighñ Tc

Å cheap?

Å small Bc2

Åwind and react?

Å expensive

Å not optimized

1at 4.2 K



NbTi

Life is easy



Nb-Ti : the King of the Hill

ω Enabling technology for the large 
ŘƛŦŦǳǎƛƻƴ ƻŦ awL όŀ пΩллл aϵ ƳŀǊƪŜǘΗύ

ω 1200+ tonnesof Nb-Ti in LHC



Nb-47wt%Ti : How to get high Jc

a-Tiprecipitates are adjusted to the proper dimensions in order to 
pin vortices

a-Ti­ hcp
b-Ti­ bcc



Nb3Sn

Itôs a hard life
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Influence of the Sn content on Tc and Bc2

Nb3+xSn1-x remains supercond-
ducting when it deviates from 
stoichiometry

Adapted from R. Flükigeret al., Cryogenics 48 (2008) 293
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Nb3Sn : the LTS conductor for high fields

https://www.sciencedirect.com/science/article/abs/pii/S001122750800088X


How to rise Hc2 ς[ŜǘΩǎ Ǉƭŀȅ ƛǘ ŘƛǊǘȅ  
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Alloying (doping) Nb3Sn to rise Hc2 

The additions of Ta and Tiare particularly beneficial 

R. Flükigeret al., Cryogenics 48 (2008) 293

M. Suenagaet al., JAP 59 (1986) 840
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S.M. Heald et al., Sci. Rep. 8 (2018) 4798

Tisubstitutes Nb

Ta substitutes both Nb and Sn

https://www.sciencedirect.com/science/article/abs/pii/S001122750800088X
https://doi.org/10.1063/1.336607
https://www.nature.com/articles/s41598-018-22924-3


1 10 40

0

10

20

30

40

50

60

70

80

 

 Scanlan (1975)

 Shaw (1976)

 West (1977)

 Schauer (1981)

 Marken (1986)

 Fischer (2002)

M
a

x
im

u
m

 p
in

n
in

g
 f

o
rc

e
 [G

N
/m

3
]

Reciprocal grain size [mm-1]

1000 100 25
Average grain size [nm]

Vortex pinning at the grain boundaries in Nb3Sn

Grain boundaries impede vortex motion to increase Jc

Adapted from A. Godeke, SUST 19 (2006) R68

https://iopscience.iop.org/article/10.1088/0953-2048/19/8/R02/pdf


Artificial pinning in Nb3Sn

Xu et al, Adv. Mat. 27 (2015)  1346

Introduction of ZrO2 nanoparticles

ÅAlloy Zr to Nb

ÅAdd an oxygen source 

(e.g. NbO2 or SnO2)

ÅZrO2 forms during heat treatment

(Ăinternal oxidationñ)



Artificial pinning in Nb3Sn

Xu et al, Adv. Mat. 27 (2015)  1346

Jc increases due to both a grain refinement and pinning on nanoparticles.

Not commercially available yet.



Nb3Sn

Production routes



Industrial fabrication of Nb3Sn wires

Three technologies have been developed at industrial scale

ωBronze route

ωInternal Sn diffusion

ωPowder-In-Tube (PIT) 

The Sn source is       
the main difference

Presently produced by

Nb

Sn


