
Table 1: Dimensions at 300MHz

Figure 4: Coil S11 before (top) and after (bottom) coil 
diameter readjusted to ≤ one wavelength in the HPM 

 
Figure 1: Simulation Setup with (a) and without (b) 

phantom present 

 
Figure 2: S11 plots for the coil on an HPM block with 

(a) and without (b) phantom. X-axis scaled 100 to 
500MHz, and Y-axis 0 to -30dB. 

 
Figure 3: Amplitude of B1 at a fixed phase 
in the HPM, εR = 300, no phantom. S11 with 

analyzed resonant freq. starred at top. 
245MHz, circled, is between S11 peaks. 

POV is top of HPM (proximal to the coil). 

Discovering and working around effects of unwanted resonant modes in high permittivity materials placed near RF coils 
Gillian G Haemer1,2, Christopher M Collins1,2, Daniel K Sodickson1,2, and Graham C Wiggins1 

1The Center for Advanced Imaging Innovation and Research, and the Center for Biomedical Imaging, Department of Radiology, New York University School of 
Medicine, New York, NY, United States, 2The Sackler Institute of Graduate Biomedical Sciences, Department of Radiology, New York University School of Medicine, 

New York, NY, United States 
 

Target Audience: RF coil engineers interested in incorporating high permittivity materials in order to improve coil performance.  
Introduction: High permittivity, low conductivity dielectric materials (HPMs) placed 
between the coil and the sample, have been shown to improve SNR, transmit efficiency, 
and RF homogeneity, as well as to decrease local SAR at a number of field strengths1-3. 
HPMs have traditionally been used to improve the performance of large transmit coils, 
especially the body coil, and/or close fitting receive arrays. They have also recently been 
shown in simulation to improve the performance of tight fitting transmit/receive arrays 
when arrays are simulated as current source driven loops4. However, in order to apply this 
experimentally, the effect of HPMs on capacitively tuned coils at close proximity must be 
characterized. Here we explore one potential challenge to HPM use close to a 
transmit/receive coil: resonant modes.  
Methods: In order to analyze the effects of 
HPMs near a transmit coil at 7T, a single 
circular loop coil (rinner = 45mm, 1cm width, 
5mm thickness) was simulated over a block 
phantom (σ = 0.8 S/m, εR = 57.5, 1000x 
1000x145mm), with a single square layer of 
HPM placed between the two (σ = 0 S/m, εR 

= 0-300, 400x400x10mm), as seen in Fig 1a. Coil behavior was si.mulated (CST Microwave Studio 
Suite 2013) for a variety of relative permittivity values in the HPM. In the course of these simulations 
it was noted that increased relative permittivity in the HPM layer created a splitting of the coil 
resonance that could not be compensated for by tuning or matching (Fig 2a). In order to investigate the 
root cause of this split, the phantom was removed from the simulation (Fig 1b) to look at the influence 
of the HPM on the coil’s resonance, and a large number of resonances created by the HPM were 
discovered (Fig 2b). Electric and magnetic fields were evaluated at a number of resonant and non-
resonant frequencies to explore this phenomenon.  
Results: Figure 3 shows B1 field patterns in the dielectric at frequencies corresponding to the coil S11 
minima (starred), presumably corresponding to dielectric resonances in the HPM. Viewing some 
frequencies between resonant S11 peaks (Fig 3, circle) showed additional patterns. The identification of 
dielectric resonance modes in the HPM that did not correspond to S11 peaks led to an investigation into 
why modes were affecting the coil performance differently. As indicated in Table 1, all three relative 
permittivity values tested are associated with a wavelength in the HPM that is significantly smaller 
than the dielectric block size. This allows for resonance modes to form in the phantom-free 
simulations, creating the additional resonances seen in Fig 2b. However, some modes forming within the HPM do not affect the coil when a phantom 
is present, such as all modes for εR = 100. This suggests that the presence of dielectric resonance modes alone does not split the coil resonance. When 
the coil dimensions were compared to the wavelength in the HPM at 300MHz, it was found that the loaded coils that were affected had a diameter 
significantly larger than the wavelength in the HPM, i.e. dCoil > λHPM (Table 1). When the coil diameter was adjusted such that d Coil ≤ λHPM, a single 
coil resonance was restored, and the coil could be tuned and matched despite remaining resonant modes in the HPM (Figure 4).   
Discussion: When attempting to improve transmit coil efficiency by placing HPMs close to a tight-fitting transmit/receive coil design, a splitting of 
the coil resonance may occur. We hypothesize that for a coil with diameter > λHPM a local standing wave may be created within the HPM directly 
under the coil. This standing wave could then couple with the fundamental coil mode, causing the coil to appear to have a split resonance. Though 
this theory requires future work to solidify, the effects seen here show that when HPM structures are being utilized close to a transmit coil, the coil 
geometry in relation to the wavelength within the material should be thoroughly evaluated. This effect has additionally been observed in simulations 
of an electric dipole placed directly on a HPM, so it may not be limited to the particular coil geometry evaluated here. The residual effect of 
remaining dielectric resonant modes on coil performance needs further evaluation, as resonant modes have shown promise when used purposefully 
for coil design1,5-7. 
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