[image: image1.jpg]<



[image: image1.jpg]

Field Regulation Instrumentation for 1.5 GHz Series-Connected Hybrid (SCH) Magnet
Litvak, I. (NHMFL); Munroe, C.E. (Roger Williams U., School of Engineering); Schiano, J.L. (Pennsylvania State U., Electrical Engineering) and Brey, W.W. (NHMFL) 

Introduction


The series-connected hybrid (SCH) magnet under construction at the NHMFL will make possible NMR of macromolecules and materials at a 1H frequency of 1.5 GHz. However, in order to collect an acceptable NMR signal, magnetic field fluctuations in this powered magnet will need to be measured and actively suppressed. Fast (>10 Hz) field fluctuations will be measured with an inductive pickup loop, while a correct estimate of the slow (< 1 Hz) drift will rely on measuring and analyzing the NMR signal. Our prior data collected on a prototype system indicate that a cascade feedback algorithm based on information from these two sensors can provide significant suppression of the fluctuations. Here we report on progress towards the development of a fast and compact field regulation unit for use with the SCH magnet. This system will be based on an FPGA-based digital processing system including a digital transceiver for the NMR sensor. We have also evaluated samples and experimental strategies for the NMR sensor based on 7Li isotope. 

Experimental


The NMR system is based on a National Instruments PXIe chassis with an 8135R embedded controller, a 7842R real time input/output board, and a 5644R digital transceiver. The system is controlled through a LabView program. We used a 7.1 T superconducting NMR magnet for tests of the NMR sensor and for preliminary relaxation measurements and other tests of 7Li samples. T1 measurements for aqueous 6.84 mol/L LiCl solutions doped with 0.1 to 1.2 mol/L MnCl2 were performed using a Tecmag Inc. (Houston, TX) spectrometer. 
Results
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The 1H free induction decay (FID) from deionized water at 300 MHz shown in Figure 1 proves that we have realized a 1-channel NMR spectrometer using the FPGA-based transceiver. The important question for the NMR sensor is to identify the best strategy to obtain an NMR measurement of the field strength as accurately and quickly as possible. For a given repetition rate of the excitation pulse, NMR signal intensity depends on the relaxation time T1 of the sample. We compared suppressing the T1 of 7Li isotope with MnCl2 so that the magnetization returns to equilibrium between excitation pulses vs. operating in the steady-state free precession (SSFP) limit with an undoped sample. Figure 2 shows that while the signal amplitude in the beginning of the FID of the heavily doped sample is higher, the undoped sample shows a more uniform amplitude within 2-millisecond acquisition window and should result in a better field estimation.
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Figure 2. 7Li free induction decay at 116 MHz of doped (1.24 mol/L MnCl2, T1= 0.99 ms) and undoped (T1 = 7.2 s) aqueous LiCl. Repetition rate 25 ms.





Figure 1. 1H free induction decay at 300 MHz in  LabView interface.









