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ABSTRACT

The S-I-S structure which consists of alternative thin layers of superconductors and insulators on a bulk niobium has been proposed to shield niobium cavity surface from
high magnetic field and hence increase the accelerating gradient. The study of the behavior of multilayer superconductors in an external magnetic field is essential to
optimize their SRF performance. In this work we report the development of a simple and efficient technique to measure penetration of magnetic field into bulk, thin film
and multilayer superconductors. Experimental setup contains a small superconducting solenoid which can produce a parallel surface magnetic field up to 0.5 T and Hall
probes to detect penetrated magnetic field across the superconducting sample. This system was calibrated and used to study the effect of niobium sample thickness on
the field of full magnetic flux penetration. We determined the optimum thickness of the niobium substrate to fabricate the multilayer structure for the measurements in
our setup. This technique was used to measure penetration fields of Nb3Sn thin films and Nb3Sn/Al2O3 multilayers deposited on Al2O3 wafers. The system was optimized
to mitigate thermo-magnetic flux jumps at low temperatures.
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Basic experimental setup

• Superconducting magnet produces parallel magnetic field 

on one side of the sample.

• Field configuration is similar to that in an SRF cavity.

• Superconducting magnet to generate magnetic filed on the 

sample surface up to 0.5 T.  

• Hall probes to measure full penetration of magnetic filed 

through the sample.

• Samples are bulk and thin film and multilayered 

superconductors 50 mm in diameter.

Radial Magnetic Field on the sample 

surface from Poisson Simulations
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• Calibration of the system was carried out in few steps to 

find out  Maximum Surface Field = 5.5 mT/A 

CONCLUSION 

• The new experimental technique for magnetic field penetration measurement of superconducting
samples was designed, built and calibrated at Jefferson Lab.

• This technique is appropriate for bulk samples as well as thin films.

• Thin films show flux jumps due to thermo-magnetic instability, which is mitigated by increasing
thermal conductivity across the sample.

• The penetration field is increased by slowing down the current ramp rate.

• First measurement on S-I-S multilayers shows that our technique is appropriate for study the
shielding effect of S-I-S structures.

At 4.35 K

154.0 ± 2.8 mT

• Behavior of thin film superconductors under external  

magnetic field is different.

• We can see flux jumps due to thermo-magnetic 

avalanches (blue curve).

• The sapphire separator plate is placed between the 

magnet and the sample. 

• When the sapphire plate is replaced by a copper plate, 

thermal conductivity increases and the flux jumps 

disappear (red curve). 

• When current rate reduced from 0.5 A/s to 0.1 A/s, field 

limit is increased (green curve).

• Three Hall probes read first flux penetration at the same

time.

• The penetrated field declined along the sample radius and

the opposite polarity at the 10 mm was observed, due to

the field line configuration in mixed state below the sample.

• 0.25 mm thick Nb substrate is convenient to fabricate

multilayer system to test with this experimental setup since

it leaves more room to demonstrate enhanced breakdown

field.

225.5 ± 2.8 mT137.5 ± 2.8 mT
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Bulk Nb with different thickness were measured at 4.35 K and 1.97 K. First magnetic flux penetration increases

with sample thickness. Nb sample with selected thickness will use to fabricate S-I-S multilayers, due to current

limitation of the setup.

• Niobium radio frequency cavities operate

close to their theoretical field limits.

• S-I-S multilayer structures have been

proposed to enhance the performance of

niobium cavities.

• To characterize S-I-S multilayers for SRF

cavities, their behavior in an external

magnetic field should be studied. The

maximum accelerating gradient is determined

by the peak surface magnetic field at the

inner cavity surface.

• Field Onset of Magnetic Flux Penetration is

a key characteristic of the breakdown field

and the high-field performance of SRF

cavities.

• To measure the field of flux penetration in

SRF materials, a simple and efficient

technique has been developed.

At 1.97 K

192.5 ± 2.8 mT

At 4.35 K

Nb3Sn/Al2O3 multilayers on Al2O3 wafer 
grown at University of Wisconsin [5]
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71.5 ± 2.8 mT 115.5 ± 2.8 mT

• Four 125 nm Nb3Sn layers separated by 6 nm

Al2O3 were grown on 300 μm thick Al2O3

wafers.

• A 200 nm thick Nb film was deposited on the

backside of the wafers to prevent leakage of

RF field during cavity measurements [5].

• The penetration field 115.5 ± 2.8 mT measured 

at 4.35 K exceeds Hc1 of Nb3Sn.

[5]

0.25 mm thick Nb Substrate

Nb3Sn Thin Film Superconductor

(1.5 µm thick )


