
      
 

                  
             

              
              

               
     

                  
                

                   
                  

                  
             

                  
                

               
                

                      
                  

                   
                  
                 

     
                  

              
               
                

     
                

              
                 

             
                 

         
 

 
 

       
        

   
 

 
 
 
 
 
 
 
 

        
          

 

Superconducting Quantum Interference Device (SQUID) magnetometry 

A SQUID is a device which is used to precisely measure extremely small magnetic field changes. It is 
based on the theoretical works of Josephson and was experimentally realised in 1963. 
One distinguishes two different types SQUIDs, which consist of a superconducting ring interrupted at 
a point (rf-SQUID) or two points (dc-SQUID) by a normally conducting or electrically insulating 
material. This interruption must be thin enough for the superconducting Cooper pairs to tunnel 
through this layer (Josephson contact). 
The function of a SQUID is based on the effect of flux quantization in superconducting rings and the 
Josephson effect. Through a superconducting ring only flows a magnetic flux whose size is an integral 
multiple of the elementary magnetic flux quantum Φ0 = 2.07 × 10-15 Vs. If the external magnetic field 
changes, an electric circuit current is excited in the ring which is exactly large enough to increase or 
reduce the magnetic flux in the superconducting ring to the nearest multiple of the flux quantum. In the 
superconducting ring (e.g. dc-SQUID) two Josephson contacts are introduced, whereby the ring is 
divided into two parts.The two ring parts are now contacted and a direct current is passed through the 
SQUID. This results in a measurable electrical voltage at the SQUID, which is dependent on the 
externally applied direct current and on the compensation currents. When the external flux is further 
increased until it is greater than half the magnetic flux quantum, the SQUID now energetically prefers 
to increase it to Φ0 . This is because only integer multiples of flux quantum can flow in this loop and 
leads to a change of direction of the screening current. The same happens every time the flux through 
the superconducting loop is increased by half of Φ0. Thus, the critical current oscillates as a function 
of the applied flux. Under working condition, the measured value is the voltage at the device as shown 
in figure 1. The evaluation of the voltage-flux curve allows to resolve magnetic field changes in the 
order of 10-18 T. 
This makes the SQUID a successful device in many research areas. For example it can be used to 
determine heart or brain currents and the corresponding magnetic fields for medical studies. Geologist 
use SQUIDs to investigate slight changes in the earth’s magnetic field to conclude about materials 
and structures in the earth crust and physicist use SQUIDs e.g. in magneto calorimeters to build 
precise detectors for any purpose. 
The materials used to fabricate a SQUID differ according to their purpose, cost and the required 
sensitivity. In classical SQUIDs superconducting metals or metal compounds such as niob are used. 
Due to its low critical temperature of 9.5K it requires a permanent cooling with liquid helium to 
maintain its superconductivity, which makes it rather expensive to operate. High temperature super 
conductors (metal oxide ceramics, Tc up to 140K) on the other hand have lower operating but 
increased production costs and produce a lot more noise. 
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Fig 1: Schematic of dc-SQUID with corresponding Voltage-Flux 

characteristic when a direct current is applied to the device. 
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