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Electromagnetic Resonances of Spiral Resonators
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Introduction 

Planar spiral resonators are found in many applications including wireless power transfer, filters and metamaterials. Our specific interest is in the application of spiral resonators for NMR probes based on high-temperature superconductors [1]. When spiral resonators are used as NMR probe coils, it is important to not only tune their self-resonance frequency to the Larmor frequency of the nuclide of interest, but also to avoid any spurious modes near the resonances of other resonators in the probe that are used for other nuclides [2].

When used for NMR, it is also important to minimize the effect of the diamagnetism of the superconductor on the static magnetic field. To this end, the wire is slit into fine parallel fingerlets. Unfortunately, slitting the wire splits each spiral mode into a family of modelets and creates many more opportunities for interference with other resonators. 


In the past, we have suppressed these modelets by plating an unslit spiral of normal metal over the superconductive spiral. However, the normal-metal overlayer inevitably reduces the resonator quality factor and reduces the sensitivity of the NMR probe. Our project is to develop methods to design coils, which do not have spiral modes near the other resonators.
Results and Discussion

We designed a new spiral resonator without a gold overlayer for a 13C-1H probe for 14.1 T. Our original resonator had its lowest or half-wave mode at the 13C resonance of 150 MHz, but (without the overlayer) it also had a family of modelets near the 1H resonance of 600 MHz. We developed and simulated the full modelet spectrum of a new design. In the new design, the modelets were shifted to lower frequency where they would not interfere with the probe’s 600 MHz 1H channel. Several copies of the new coil design were then fabricated.

The spectrum of modes of the new coil was then measured. As predicted and shown in Fig. 1, the lowest mode is near 150 MHz and will be used for 13C detection. The family of modes is still present but is shifted to the 325 – 425 Hz band where it will not interfere with the 1H channel.  There is only a single mode at 537 MHz. This measurement confirms that the new coil design has shifted the modelets away from 600 MHz. Since it does not require a metal overlayer, we predict the new resonator will be a more sensitive NMR detector.
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             Fig.1 Measured modes of new design for superconductive spiral resonator for 13C NMR. 
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The estimated modes were close to the experimental values . The predictions were not entirely accurate throughout each mode, but the maximum percentage error was only 5%. However, on average, the predictions were less than 2% from the experimental values. One notable result obtained from the experiment was a mode around 350 MHz that was unnaccounted for in the predictions.
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