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Abstract ( One of the main goal in 7.0T Magnetic Resonance Imaging (MRI) is co-registering anatomical and physiological information. In this context, dual tuned coplanar and concentric coils can be used. However, the worst drawback in this common adopted solution is the high mutual coupling between the coils, which causes a shift in the resonance-desired frequencies. Here we propose a new strategy for the dual tuned coil decoupling by the use of distributed trap Frequency Selective Surfaces (FSS) technology. An example of a dual tuned coplanar and concentric coils tuned at the resonance frequencies of the hydrogenous (1H) and of the sodium (23Na) is shown.
1
INTRODUCTION
One of the main goal in 7.0T Magnetic Resonance Imaging (MRI) is co-registering anatomical and physiological information; specifically, sodium MRI is an attractive imaging technique which is very useful for diseases assessing, such as osteoarthritis [1]. In this context, dual tuned coplanar and concentric coils can be used if appropriately tuned at the resonance frequencies of the hydrogenous (1H) and of the sodium (23Na); such frequencies at 7.0T are 298 MHz and 78.8 MHz, respectively. This design allows covering the same Volume Of Interest (VOI) at the same time. However, the worst drawback in this common adopted solution is the high mutual coupling between the coils, which causes a shift in the resonance-desired frequencies.
So far, in literature, the mutual coupling between the dual tuned coils has been suppressed by using of a specific resonant circuit, called trap circuit, in series with one of the coil, which allows the decoupling of the coils at the desired frequency [2]. However, trap circuits reduce coil efficiency and may also increase locally the electric fields produced by the coil.

Here we propose a new strategy for the dual tuned coil decoupling by the use of distributed trap Frequency Selective Surfaces (FSS) technology. First, we studied the behavior of a band stop distributed filter working at a chosen frequency of interest (compatible with MRI application) with a systemic and general approach. 

With the aim of reducing the mutual coupling and reducing, as consequence, the shift of the resonance frequencies, we placed a truncated preliminary version of the filter in the air gap between the two coils. 
2
MATERIALS AND METHODS
2.1.1 The FSS band stop trap filter design
The unit cell of the filter is a simple N turns square spiral, embedded on a dielectric substrate (Figure 1). 
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Figure 1: Unit cell of the studied FSS band stop filter.
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Figure 2: Working frequency of the band stop filter according to the number of turns (N) of the loop.
We optimized the working frequency of the filter by acting on the number of turns of the loop [3], on the dielectric substrate thickness [4], on the number of layers in the stack up [5], obtaining good performance in the case of unit cell with N = 11 turns and the dielectric FR4 substrate 1.6 mm thick (Figure 2). 
All the present analysis have been performed by the means of the numerical Finite Element Method (FEM) tool of CST Studio Suite.
2.1.1 The dual loop coil: truncated version of the FSS band stop filter
The standalone 1H external loop has been tuned to the frequency of 298 MHz and matched achieving s11 = -14dB. The standalone 23Na internal loop has been tuned to the frequency of 78.8 MHz and matched achieving s22 = -16dB. When the coils are placed together, as shown in Figure 3 - (a), the mutual coupling produces a relevant shift of the resonance frequency of the 1H to 326.3 MHz and a negligible shift of the resonance frequency of the 23Na to 77.45 MHz (see Figure 4 and Figure 5 for s11 and for s22 parameters respectively). Next, we applied the optimized truncated version of the distributed trap filter to the dual tuned coil, as shown in Figure 3 - (b) and Figure 3 - (c).
3
RESULTS AND DISCUSSION
As highlighted in Figure 4, we noticed that, by adding further unit cell to the truncated distributed filter until to completely cover the air gap between the coils (Figure 3 – (c)), the shift of the 1H resonance frequency has been gradually reduced achieving s11 = -7.8 dB at 310.5 MHz. Furthermore, the resonance frequency of the sodium does not change (Figure 5). Moreover, the s21 is drastically reduced too (Figure 6), achieving s21 = s12 = -31 dB at 310.5 MHz. 
Finally, in order to reach a finer tuning of the desired resonance frequencies, new values for the tuning capacitors Ct_1H and Ct_23Na of the design shown in Figure 3 – (c) have been chosen (see Table 1). For the last configuration, the 1H resonance frequency has been reduced achieving s11 = -5.48 dB at 293 MHz (curve (d) in Figure 4); the 23Na resonance frequency has been tuned to 76.55 MHz, achieving s22 = -33.39 dB (curve (d) in Figure 5). Furthermore, the s21 is slightly reduced respect to the initial capacitors values, achieving s21 = s12 = - 33 dB at 293 MHz (curve (d) in Figure 6). The condition of matching of the coils is demanded to the loaded condition case of use.
	Capacitor
	Initial values
	Final values

	Ct_1H
	5.9 pF
	6.8 pF

	CM_1H
	20 pF
	20 pF

	Ct_23Na
	73.5 pF
	75 pF

	CM_23Na
	310 pF
	310 pF


Table 1: Values of the capacitors.
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Figure 3: Analyzed configurations of the dual tuned coil: (a) Without filter; (b) with 7 unit cell filter; (c) with the filter covering the overall air gap; (d) design (c) with new capacitors values for fine tuning (Table 1).
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Figure 4: S11 dB parameter of the analyzed configurations.
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Figure 5: S22 dB parameter of the analyzed configurations.
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Figure 6: S12 dB and S21 dB parameters of the analyzed configurations.
4
CONCLUSIONS
We can conclude that good decoupling can be obtained by the use of distributed trap filter interleaved with dual tuned MRI coil. A finer tuning of the desired resonance frequencies can be obtained by acting on the tuning capacitors values, without altering the filter effectiveness. Additional investigations will be carried out to further optimize the performance of the proposed filter.
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