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Abstract
Preliminary experimental magnetic resonance imaging (MRI) results based on a novel composite right/lefthanded (CRLH) zeroth-order resonant coil (ZORC) are presented. These results demonstrate, using an homogeneous flat phantom emulating the human body, that the ZORC can achieve very large fields of view, corresponding
to the length of the ZOR structure, which is of approximately 30 cm in the prototype presented.

1. Introduction
A novel composite right/left-handed (CRLH) [1] zeroth-order resonant coil (ZORC) providing large fields of view
in magnetic resonance imaging (MRI) [2] was theoretically introduced in [3]. This ZORC exploits the unique RF
field uniformity of CRLH resonant antennas operated at the transition frequency between the left-handed and righthanded bands [1], where the guided wavelength is infinite (λg = 2π/β → ∞). This ZORC is particularly suited
to sagittal and coronal MRI sections, where a long field of view enables faster MRI processing, by suppressing
the necessity to move the body. This paper presents preliminary experimental results of ZORC MRI and compares
them with near-field FDTD predictions, using an homogeneous flat phantom emulating the human body.
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Fig. 1: Unit cell of the periodic metal-insulator-metal (MIM) ZORC element. (a) Lossy equivalent circuit in
T-topology for the symmetric (with respect to the stubs) CRLH unit cell. (b) Perspective view and multilayer
profile with top/bottom metal layer for upper/lower MIM plates and ground plane (εFR4 = 4.7, εplexiglass = 2.2,
p = 60.5 mm, line width of 75 mm, stub length of 45.5 mm, stub width of 3 mm, via holes of diameter 1.5 mm).
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2. ZORC Element with Longitudinally Uniform Fields
Although the complete ZORC incorporates several ZORC elements combined together so as to build a cylinder
with a polygonal cross section around the body to image, we will consider here only one of these elements. This
will provide preliminary characterization of the magnetic field longitudinal uniformity. Fig. 1 shows the circuit
model and layout of the CRLH ZORC element unit cell, while Fig. 2 shows the complete 5-cell ZORC element
considered in this paper along with the uniform magnetic field distribution achieved above the structure. The
extracted CRLH parameters are CL = 19.2 pF, CR = 6.4 pF, LL = 42.9 nH, LR = 14.6 nH, R = 650 mΩ,
G = 64.4 µS, resulting in the resonance frequencies fse = 305 MHz and fsh = 308 MHz, and the Q-factors
Qse√ = 42 and Qsh = 190. The ZORC is designed to operate in its series mode, i.e. at the frequency ωse =
1/ LR CL , where the structure is terminated by a short [4]. In this mode, the energy is mainly concentrated in the
series elements, i.e. along the axis of the structure. Two anti-parallel stubs are placed in each unit cell in order
to minimize unwanted longitudinal magnetic field components caused by the transverse currents. The electric
and magnetic fields are polarized along and perpendicularly to the axis of the structure, respectively. Since the
ZORC element will be placed together with other ZORC elements to build a cylindrical MRI structure along the
axis of the DC magnetic field, this polarization configuration satisfies the requirement for generating an RF field
perpendicular to the MRI DC field.
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Fig. 2: Prototype (a) and FDTD-simulated longitudinally uniform magnetic field component Hy 2 cm above the
ZORC structure (b).

3. Results
Fig. 3 displays the FDTD-simulated and measured near-fields on top of the ZORC element in the setup of Fig. 4(a)
with and without the phantom load, respectively. Excellent longitudinal near-field uniformity is observed in both
the unloaded and loaded cases. Such a feature is a requirement for high-quality MRI, since the entire body is
completely immersed in the near-field of the energy produced in the MRI tube. Interestingly, the flux enhancement
due to the load tends to uniformize the transverse field distribution, which exhibits a valley in the unloaded case due
to the crowding-out effect of the electric current density to the edges of the strips. Fig. 4(b) shows two B1 -maps
representing the so-called flip angle [2] of the corresponding voxel in the flat phantom and indicates the maximal
possible field of view (smooth zones). Preliminary MRI pictures are shown in Fig. 5, where the flat phantom is
clearly identified in the sagittal plane. The top part (liquid surface) is less visible, due to field attenuation, but this
may be corrected by adding a ZORC element to the other side.
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Fig. 3: Magnetic field amplitude distribution (FDTD vs. measurement) 25 mm above the ZORC element for the
unloaded and loaded cases. For the later the configuration depicted in Fig. 4(a) is used.
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Fig. 4: CRLH ZORC element testing below a body-emulating flat phantom (εr = 46 and σ = 0.86 S/m) in front
of the 7-Tesla MRI tomograph (a) and B1 -sensitivity-maps of the element indicating the possible field of view (b).
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Fig. 5: MRI of the flat phantom setup of Fig. 4(a) for sagittal (xz), transversal (xy) and coronal (yz) cuts.
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