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Shimming a 36-T Hybrid Magnet for High Resolution NMR
Litvak, I.M., Brey, W.W., Toth, J. and Bird, M.D. (NHMFL) and Griffin, A. (Oxford NMR Ltd.)
Introduction

 The NHMFL Series Connected Hybrid (SCH) magnet consists of a CICC Nb3Sn outsert connected in series with a Florida-Bitter insert through vapor-cooled HTS leads. High homogeneity was achieved by current density grading in the resistive coils. Ferroshims and active shims were optimized to provide 1 ppm over 1 cm dsv at three field strengths: 23.4 T, 28.2 T and 35.2 T. These fields correspond to 1H NMR frequencies of 1.0, 1.2 and 1.5 GHz. 

Experimental


In order to make accurate maps of the magnetic field in the presence of drift and hum, we used a two channel NMR field measurement system. We recorded the difference between the field at the center of the magnet and at a sample following a helical trajectory on a radius of 5 mm with a pitch of 2.5 mm. The resulting map as shown in Fig. 1 is far more accurate than a conventional map.
Results and Discussion

Inhomogeneity of the magnetic field causes undesireable line broadening in NMR spectra. Inhomogeneity is usually corrected by applying electric current to shim coils. The level of inhomogeneity of the resistive Bitter insert of the SCH magnet would require currents in excess of practical limits due to Joule heating of the coils. 


To achieve <1 ppm homogeneity at the three fields of operation (0.88 ppm at 23.5 T, 0.89 ppm at 28.2 T, 0.94 ppm 35.2 T), we employed a combination of ferromagnetic passive and active field correction coils both produced by Oxford NMR. Initial field correction was provided by iron foil cutouts of specific shapes and thicknesses (ferroshims) attached to the NMR probe cover. Active shim coils were adjusted to correct the residual inhomogeneity. Both the ferroshim designs and optimal values for the active shims were determined based on helical field maps, and the quality of the shimmed field was assessed with a similar helical field map.
Conclusions
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The NHMFL has developed a hybrid superconducting/resistive magnet which achieves a maximum field of 36.1 T. The magnet together with its field shimming and regulation systems achieve a field homogeneity of 1 ppm over 1 cm dsv which provides an appropriate environment for many solid state NMR studies. The 36-T hybrid represents a 50% increase in field strength over the ultra-high resolution persistent superconducting systems currently available, and provides an important new scientific opportunity in magnetic resonance for biology, chemistry and materials science.
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Fig.2 Deviation of field strength along a 1 cm diameter/2.5 mm pitch helical trajectory at 35.2 T








Fig.1 Field deviation in SCH magnet measured by 7Li NMR signal at 28.2 T as a function of mapper sample position
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