Phased array probehead for magnetic resonance
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Abstract: We present a magnetic resonance (MR) probehead for investigation of micro samples. A Helmholtz coil (Tx), for homogeneous excitation of transverse
magnetization, is optimized for a previously reported [1] MEMS-based receive-only phased array of microcoils (Rx). The setup is a compact and easily handable
probehead allowing to acquire MR images with an resolution of
39x39x200um’. For example an SNR of 80 can be found for a sample of
ionized water (1 g/l CuSOy,) in a total experiment time of only 1:42min.
Introduction: Signal-to-noise ratio (SNR) and available resolution are
factors that have been under investigation since the early days of
magnetic resonance imaging. Thus, for an investigation of very small
samples, microcoils have been developed that increase resolution e.g. to
the size of single cells in biological samples. The phased array of
microcoils (PAM), presented in [1] extends the limited but high
sensitivity of a single microcoil in the lateral dimension, thus extending
the total FOV to 18.3mm?” with the much higher SNR provided by
microcoils. If used as transmit/receive coil, the PAM, as most other
planar coils, suffers from the decreasing magnetic field strength when
moving further away from the coil’s surface. Combined with the non-
uniform field excitation pattern, an inhomogeneous distribution of flip
angles throughout the sample is observed and thus a decrease of image
quality occurs. [2] Therefore, it is often advantageous to use a separate
volume coil for transmission. A customized volume coil, optimized for the PAM FOV is presented and characterized, here. An image of the setup is displayed in Fig.1.
The previously used circularly polarized 'H excitation coil delivered good results, however, the arrangement of the PAM in that resonator due to the tight space
constraints and the time-consuming geometric re-alignment of Tx and Rx coils was difficult when replacing the sample. The presented probehead improves the setup,
combining features of the old setup with increased usability and an option of future use in MR scanners with smaller bore diameter.

Materials/Methods: Different setups were simulated with COMSOL (COMSOL, Inc., Burlington), in order to find the optimum Tx coil configuration taking the
PAM’s space restrictions into account. The well-known Helmholtz coil setup, consisting of two parallel-aligned loop wires with a defined coil distance to coil radius
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a weak mutual coupling.
ratio [3], showed good results across the PAM FOV, with easy access to the region on top of the PAM for an exchange of the sample. In a first approach for
construction, electric circuits for tuning and matching, together with the active decoupling of Tx and Rx coils were placed on a printed-circuit-board (PCB), which is
mechanically connected to the PAM (see Fig. 1). The two PCBs will be merged in a future design. In an attempt to avoid coupling between Tx and Rx coil, which leads
to image artefacts and possible damage to the attached low noise amplifiers, Tx and Rx coil are arranged under at a 90° angle to each other, as a can be seen in Fig.1. A
frame in the shape of the loop wires was laser cut out of a 30mm diameter PMMA tube, wire-guide milled into it and attached to the PCBs. A 300um diameter copper
wire was attached to the PMMA frame and soldered to the circuit.
Results and Discussion: After determination of the Tx coil’s inductance (approx. 79nH), scattering parameters of the Tx coil were measured using a network analyser
(Agilent E5071B). Results shown in Fig. 3 demonstrate that the coils are tuned and matched to 50Q at 400MHz, the 'H Larmor frequency in a 9.4T scanner.
The s,, parameter graph shows, the good decoupling between the Tx and Rx coil. The manufactured Helmholtz coil (see Fig. 2) was inserted into a Bruker 9.4T scanner
and images of a water-filled tube were acquired, allowing to determine the homogeneity of the Helmholtz coil. This is shown in Fig.4. A container filled with ionized
water (CuSQy) is placed on the PAM system (see Fig. 1) and high-resolution images are acquired. Results are shown in Fig. 5.
Conclusion: The transmission Helmholtz coil integrated with the PAM setup completes the standalone probehead and represents a good start towards commercial
utilization. B, field uniformity will be further improved in the next design step. The capabilities of the compact and easily usable probehead concept were demonstrated,
allowing high resolution imaging over a larger FOV with a strong SNR than with a single microcoil.
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