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• Why Nb?
BCS surface resistance: Rs ∝∝∝∝ λλλλ4exp (-∆∆∆∆/kBT)
Minimum Rs implies maximum ∆∆∆∆, that is, 
maximum Tc ≅≅≅≅1.87∆∆∆∆/kB and minimum 
London penetration depth λλλλ

Exceptions:
• Does not work for the d-wave high-Tc

superconductors for which Rs ∝∝∝∝ T2 due to
nodal lines in ∆∆∆∆(k) = 0.

• Two gap MgB2 with ∆∆∆∆ππππ ≅≅≅≅ 2.3 meV ∆∆∆∆σσσσ ≅≅≅≅ 7.2 
meV: Tc is proportional to ∆∆∆∆σσσσ, while 
Rs ∝∝∝∝ exp (- ∆∆∆∆ππππ/kBT) is limited by ∆∆∆∆ππππ

Vanishing ∆∆∆∆(k) = 0 
along [110] 
directions in HTS
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• All superconductors with Tc > 9.2K are strong type – II SC with 
the lower critical field Hc1 much smaller than Hc = 0.18T for Nb

- M

HHc0

���������	 �
� � � �
 ������


� ��� ������ � ��
��� � � ���
 �

- M

Hc2Hc10 H

�
� � ��
��� ��� 
 �
� ��	 �
� � � �
 ������


� ��� ������� � ��
��� � � ���
 �

Vortex 
state

Hc

• Vortices penetrating at H > Hc1 cause rf dissipation much 
stronger (due to normal cores) than what results from the BCS 
surface resistance in the Meissner state 
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Nb3Sn has maximum Tc and minimum λλλλ to 
provide the optimum Rs
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Vortex field in a film decays over the 
length d/ππππ instead of λλλλ (interaction 
with many images)

Vortex free energy as a function of the position x0 
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Self-energy Magnetic 
energy

Lorentz
force ×××× x0

London screening is weak so λλλλ2∇∇∇∇2B = - φφφφ0δδδδ(r)
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Use thin films with d < λλλλ to enhance 
the lower critical field

Field at which the surface barrier 
disappears

Example: NbN (ξξξξ = 5nm) film with d = 20 nm has Hc1 = 4.2T, and Hs = 6.37T,
Much better than Hc = 0.18T for Nb
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Nb, Pb

Insulating 
layers

Higher-TcSC: NbN, 
Nb3Sn, etc

Higher Tc thin layers provide 
magnetic screening of the 
bulk SC cavity (Nb, Pb) 
without vortex penetration

For NbN films with d = 20 
nm, the rf field can be as 
high as 4.2 T !

No open ends for the cavity 
geometry to prevent flux 
leaks in the insulating layers

Multilayer coating of SC 
cavities: alternating SC and 
insulating layers with d < λλλλ
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Example: Nb3Sn layers with d = 30nm
λλλλ0 = 65 nm and Hc1 = 2.4T

Peak rf field H0 = 2T < Hc1

Internal rf field Hi = 50 mT (high-Q regime)

N = (65/30)ln(40) = 8
Nb

Strong reduction of the BCS resistance by Nb3Sn layers due to larger 
∆∆∆∆ and shorter λλλλ:
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H0 = 324mT
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A Nb cavity coated by a single Nb3Sn
layer of thickness d = 50nm and an 
insulator layer in between

If the Nb cavity can withstand Hi = 150mT,
then the external field can be as high as 

mT

dHH i

7.323)65/50exp(150
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Lower critical field for the Nb3Sn layer with d = 50 nm and ξξξξ = 3nm: 
Hc1 = 1.4T  is much higher than H0

A single layer coating more than doubles the breakdown field with 
no vortex penetration, enabling Eacc∼∼∼∼ 100 MV/m



Conclusions:
• Multilayer S-I-S-I-S coating could make it possible to take 

advantage of superconductors with much higher Hc, than 
those for Nb without the penalty of lower Hc1

• 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

• Strong reduction of BCS resistance because of using SC 
layers with higher ∆ (Nb3Sn, NbN, etc)

• The significant performance gain may justify the extra cost.


