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Augmented Tune/Match Circuits for High Performance Dual Nuclear Transmission Line Resonators

Erickson, M.G. (UF, Division of Infectious Diseases and Global Medicine)


Introduction
	This year saw the implementation of a fundamental design change.  Rather than use separate conductive elements on each frequency, it is now possible to run each element full duplex.  In other words, each conductive element was made resonant on both 1H and 13C frequencies.  This represents a significant improvement in the design, as coils based on this design will be more compact, requiring less material. 

Experimental
	A single loop surface coil made of copper clad Rexolite 1422 was used.  In this work, the loop was terminated by both a 13C and a 1H hybrid transmission line stub.  The loop was resonated on each nucleus by placing a small copper shorting bar across the midpoint of the loop, and verifying each resonance with a Measurement Instruments Model 59 grid dip meter.  The gird dip meter was augmented by an Optoelectronics M1 frequency counter.  Resonant frequencies were set by changing the mesh of the variable piston capacitor on each termination stub.  For both 1H and 13C, the resonance was set to within 25 KHz or less of the desired value.  On the other side of the loop, both 1H and 13C tune/match boards were attached, each offset by balanced, coaxial line pairs of appropriate offset length.  The 1H tune/match circuit was shunted by a 13C hybrid stub resonated at the 13C frequency.  The 13C tune/match circuit was shunted by a 1H hybrid stub resonant at the 1H frequency.  Each tune/match circuit was fed with an improved ferrite bead current balun constructed from LMR-240 coaxial cable and 30 #31 mix snap-on ferrite cores. In each case, notch filters were placed at the match plane.

Results and Discussion
Excellent unloaded Q was obtained on both 1H and 13C, with -54 dB and -45 dB on VNA S11 measurements.  S21 measurements showed -33 dB isolation for 13C→1H, and -36 dB isolation for 1H→13C.  The low insertion loss of the hybrid notch filters was verified by measuring virtually equal 90 degree 1H flip angle power levels with the 13C notch filter in circuit and out of circuit.         a


Conclusions
Careful design and adjustment of hybrid termination elements and hybrid tune/match notch filters has lead to the realization of a high performance, full duplex dual nuclear coil.  This approach is easily extended to volume coils, and may be applied to most 1H/X pairs.  For both 1H and X, efficiency is close to that of a mononuclear coil. Both resonators tune smoothly and virtually independent of one another.  Both have the same spatial profile. To the author's knowledge, this is the first report of a full duplex dual nuclear MRI coil.
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