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Introduction

The traveling-wave concept for ultra high field MRI offers high FOV and
patient space. In [1] a patch antenna with two ports was used to excite the two
degenerate TE;4 modes of a circular waveguide, which are the only modes
below cut-off in an empty bore at 7T. To extend the traveling-wave concept for
parallel transmit with more than two channels more degrees of freedom are
needed.

In this work this is achieved by lowering the cut-off frequencies of the higher
order modes with dielectric inserts. The orthogonality of the waveguide modes = = R

is beneficial for parallel transmission. Therefore, selective mode Fig1: Bore extension with inserts and stubs and loop for excitation.
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material would be too heavy. Therefore, we used 2m long PMMA O v b) e o
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Excitation elements targeting 8 modes (indicated by arrows in Table 1) were included. The positions of the <o C?*?D
excitation elements were determined based on the modal field distribution, computed by simulations. Fig3: Modes and feed position in bore
The TE41 modes were excited with stubs on the cylindrical shell of the extension, the TM-modes with b
stubs and a loop on the backplane for the TMys mode [3], see Fig1a. As an example, the modal field
distributions for four modes are shown in Fig3, the crosses and lines indicate the positions of the

2D geometry were simulated using the 2D-modal solver of COMSOL (FEM). The simulation showed that 17 /*¥
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stubs and loop (Fig3a) on the backplane and on the outer shell of the extension, see also Fig1b. The port 1 port 2
lengths of the stubs and the loop were adjusted to match the individual ports.

The scattering matrix measured with a VNA for the unloaded bore extension is shown in Fig2. The

ports are well decoupled. This implies that the ports do not couple into the same mode. For imaging

experiments a Philips Achieva 7T scanner with MultiX system was used with 8 independent

transmit/receive channels. The ports of the waveguide extension were used in transceive mode. =
The excitation pattern of each port was measured, by placing the insert waveguide into the

isocenter. The remaining part of the bore was left empty. Low flip angle gradient echo images were

acquired to measure the relative intensities of the receive sensitivities, see Figd4a. Selective mode port 6

excitation was degraded due to coupling into the higher order modes (modes 9-17) and due to
coupling in the feeding structure. However, this diverse field distribution in the bore extension

translates into a diverse field distribution in the sample (cylindrical phantom, 20cm L=30cm, €,=58,

0=0.78S/m), shown in Fig4b. In Fig4c localized RF-shimming was applied to the phantom, trying to por” pons port 7 port 8
focus the excitation within the dashed circle.

Conclusion RF shimring
Dielectric filling of a waveguide allows excitation of spatially distinct field patterns in the sample using sensitivities, (a) in the
traveling wave modes. This can be used for parallel transmission enabling RF-shimming as well as O o dielectric stubs, and (b) in
for parallel receive. The dielectric insert allows for selective modulation of the cut-off frequencies of a cylindrical phantom,
the modes. This concept can be further optimized by changing the dielectric material, or the planned UEMECM (c) planned and measured
distribution of the tubes. RF shim .

References [1] Brunner et al., Nature, 457: 994-999,2009; [2] Wu et al., Electromagnetics, 21: 97-

114, 2001; [3] Pozar, Microwave Engineering, 1998;
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