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Radio Frequency Transmission in Passive Band Pass Circuits for Performing Contactless Conductivity in High Magnetic Fields
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Introduction 

Radio frequency (rf) probes are very powerful methods to study wide range of physical phenomena in materials science [1, 2]. The importance of such methods stem from the contactless nature and the specific physical properties they can probe when compared to other methods. As a part of the efforts to avoid some of the drawbacks associated to the use of the known rf methods and to make them more user friendly, we present new method to measure changes in contactless conductivity by rf transmission through a band pass circuit. The new circuit design should overcome some of the drawbacks related to the other transmission method reported in a previous work. The new circuit design has a different frequency response from knowing method so that instead of having the frequency of interest absorbed in the circuit it will be passed through the circuit. The band pass filters circuits can be used to eliminate the main drawbacks associated to the use of circuit design in Ref.[2] especially those related to the small rf amplitude at the output of the measuring circuit and the heating effect. 
Experimental 

An rf band pass circuit is designed and installed at the bottom of regular rf probe with a suitable thermometer. The band pass circuit was connected to a network analyzer that measures the response of the rf circuit and the resonance frequency of the circuit. The network analyzer was connected through a GPIB link to a computer where the magnetic field, temperature and the spectrum from the network analyzer are all recorded and displayed in a LabVIEW application. The magnetic field applied by an 18 tesla superconducting magnet at Los Alamos National Lab- pulsed field facility to apply manetic field on the sample.    
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In order to test this new method for measuring changes in contactless conductivity, Bi2Si3 sample was used for this purpose. The Bi2Si3 is known to be a topological insulator that behaves as an insulator in its bulk but has a conductive surface, which means that electrons can only move along the surface of the material. After inserting the sample in the inductance part of the band pass circuit the rf spectrum was recorded at different temperatures and magnetic fields for different rf transmitted power as in Fig.1. It is found out that the new circuit design can easily detect the quantum oscillations in conductivity in this sample by recording the transmitted rf amplitude at different frequencies. 
Conclusions

It is concluded that the band pass circuit can be used as an rf probe to study wide range of physical properties in material science. The use of band pass circuit can provide many advantages from the instrumentation prospectus and from the physics of the sample prospectus. The main advantage of this method stem from the nature of the response function of the circuit used where it pass a range of frequencies in contrast to previous design. This means less rf signal processing and less heating introduced to the sample. Some of the advantages of this new method include the easiness of use when compared to other methods. 
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Fig.1: The transmitted power as a function of magnetic field for different values of power of the source of the Network Analyzer at 230 MHz. The top trace is collected with the Network Analyzer is set to perform higher averaging value









