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The reachable field strength in superconducting resonators is limited by surface defects 
or inclusions of unwanted elements. Since the manufacturing of Nb resonators is very 
expensive, it is reasonable to check the Nb sheets prior fabrication of resonators. 

In construction is a system for non-destructive inspection of niobium sheets, based on 
eddy current principle (Fa. WSK). To receive the necessary detection sensitivity a 
SQUID sensor for measuring the local eddy current density is used.  

Fig. 1 shows the principle of eddy current testing of niobium sheet. A circular coil, 
usually with a diameter of a few mm generates eddy currents in the niobium sheet. 
Inhomogeneities of materials having a conductivity different from that of niobium lead to 
a distortion of the eddy current flow, and thus to a change in the eddy current field, which 
will be detected by scanning the sheet with a SQUID. In order to minimize the excitation 
field at the location of the SQUID, usually a gradiometric excitation coil is used, having 
the shape of a double D. However, since we expect the material inclusions to be only 
very small, a relatively small double-D coil must be used to maximize the eddy current 
density at the location of the inclusion. Making small double-D coils with many turns and 
high symmetry is not easy. Instead, can be use an electrical compensation scheme in 
which the field of the circular excitation coil is compensated electronically at the location 
of the SQUID by feeding part of the excitation current through the modulation coil used 
for flux locking the SQUID. By carefully adjusting the amplitude and phase of the 
compensation current, the excitation field at the SQUID can be compensated by a factor 
of 1000.  

The sensitivity will be proven on specially prepared niobium test sheets with tantalum 
inclusions of 50 - 100µm size.  

The concept of the measurement system is shown in Fig. 2. It will be based on a xyz table 
with ca. 300mm x 300m travel area. The Nb sheets are fixed by a vacuum sample holder 
in order to keep them as flat as possible. The SQUID sensor is electronically controlled 
by a flux modulation and control loop, in order to keep the magnetic flux through the 
SQUID constant. Compensation current is controlled by the flux measurement. The 
amount of compensation current necessary to keep the SQUID’s flux constant is then 
taken as measurement value from the control loop. This signal is then processed by a lock 
in amplifier to eliminate noise with a spectral density apart from the excitation frequency. 
Different filters are implemented into the lock in amplifier to improve the Signal/Noise 
ratio. The system works in a non-shielded environment. With a sheet size of about 
300x300mm² and a line width of 1mm a scan of one sheet will take about 10- 15min. 

 

Page 1out of 8  



Design Report SQUID Scanner 

 
Fig. 1: Principle of the SQUID system for eddy current testing of niobium sheets 

An excitation coil produces eddy currents in the sample, whose magnetic field is detected 
by the SQUID. A compensation coil close to the SQUID cancels the excitation field at 
the SQUID. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Concept of a SQUID scanning system  
 
More detailed documentation is attached.  
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