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Abstract—In this paper we present a coupling investigation
between RF coil array elements which are backed by surface
impedance characterized RF shields for 7 Tesla magnetic resonance imaging (MRI). Two simulation models for the RF coil
elements are considered here: an ideal impressed current model
for an initial 2-D investigation, and a symmetrically fed dipole
with meander terminals for the 3-D investigation. The RF shield,
which is placed behind the coil element, is characterized by a
surface impedance boundary condition (SIBC), where different
surface impedances are defined. An optimal surface impedance of
the RF shield can be found to achieve minimum coupling between
neighboring coil elements. Different spatial arrangements (e.g.
the shape of the phantom, the edge-to-edge separation between
coupled coil elements, the separation from coil element to RF
shield) are considered. In general, a large surface impedance
provides a higher coupling level in comparison to a small surface
impedance. As the separation distance from the coil element to
the RF shield increases, a reduced surface impedance selectivity
of the coupling behavior is observed. The proposed fundamental
investigation reveals a new approach to modify the coupling
characteristics of the dipole coil elements for MRI.
Index Terms—Coupling, surface impedance boundary condition (SIBC), multi-channel RF coils, 7-Tesla MRI.

I. I NTRODUCTION
Over the last decade ultra-high field (UHF) MR imaging
(B0 ≥ 7 T) has attracted more and more attention due to
its enhanced imaging sensitivity, increased spectral resolution,
and improved scan efficiency (parallel imaging techniques)
[1]–[3]. However, associated with the increased magnetic field
B0 , which is proportional to the Larmor frequency, the conventional RF coils, such as surface coils or volume coils, challenge
the limits of design and performance. Among the arising
issues for UHF MRI, a spatially inhomogeneous B1 field and
increased peak SAR are most critical for whole-body imaging
[4], [5]. As one solution, multi-channel RF coils consisting
of several coil elements have been applied to improve the
coil performance for UHF MRI [5]–[8]. The overall magnetic
field distribution can be tailored by the feeding (phase and
amplitude) of individual coil elements according to the specific
application. Symmetrically fed dipole elements have been
widely used to build such multi-channel RF coils [8]–[10].
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For such a dipole element a metallic plate, commonly called
RF shield, is placed behind the dipole to prevent the interaction
with the bore components of the magnetic resonance scanner
[11]. So far, the effect of such a RF shield on the coupling
between coil elements has not been rigorously studied.
Here, we systematically investigate the coupling between
dipole coil elements, which are backed by surface impedance
characterized RF shields. Two simulation models for the dipole
coil element are considered here: an ideal impressed current
model for two-dimensional investigation, and a symmetrically fed dipole with meander terminals for three-dimensional
investigation. The RF shield is characterized by a surface
impedance boundary condition (SIBC), where different surface
impedances can be defined. An optimal surface impedance
for a minimum coupling between neighboring coil elements
is found by sweeping the surface impedance from extremely
small to large values. Additionally, various spatial arrangements (e.g. the shape of the phantom, the edge-to-edge separation between coupled coil elements, the separation from coil
element to RF shield) are also considered.
II. C OUPLING I NVESTIGATION BASED ON 2-D M ODELS
Due to the simplicity of a 2-D model, a broad investigation
in terms of geometry parameters, coil arrangements, and
surface impedances of RF shield can be performed in an
efficient manner.
A. Surface Impedance Boundary Condition
Surface impedance boundary conditions (SIBCs) are widely
used to model the interface between two media where the main
interest is focused only on one of them, and hence significantly
simplifies the simulation domain in electromagnetic problems.
The tangential components of both the electric and magnetic
fields are associated through the surface impedance Zs [12]:
Et = Zs (n̂ × Ht ),

(1)

where the index t refers to the tangential components, and n̂ is
the unit vector normal to the corresponding SIBC. The SIBC
is characterized by its surface impedance Zs , which is swept
from an extremely small value to a very large one in our study.
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Fig. 1. Two-dimensional simulation models for the coupling investigation
of dipole elements with surface impedance characterized RF shields: (a) two
parallel aligned dipole elements loaded by a flat phantom, (b) two dipole
elements azimuthally offset by angle ϕ around a cylindrical phantom.
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Fig. 2. Calculated power ratio P2 0 /P1 0 for the flat phantom arrangement
(top) and the cylindrical phantom arrangement (bottom). P1 0 and P2 0 are
the input power at the active element and the received power at the passive
element, respectively. The effect of different separation distance from element
to element (d, ϕ), and from element to RF shield (h) are investigated.

B. Simulation Setup
The two-dimensional simulation model in COMSOL Multiphysics for the coupling investigation of dipole elements
is depicted in Fig. 1. Here we consider two different coil
arrangements: two parallel aligned dipole elements loaded
with a flat homogeneous phantom, and two dipole elements
offset by an azimuthal angle around a cylindrical phantom.
The same phantom parameters (r = 58.2, σe = 0.92 S/m,
ρ = 1000 kg/m3 ) are utilized for the two aforementioned arrangements to emulate the human body for 7 T MRI, yielding
an MR frequency of 300 MHz.
For the flat phantom arrangement, the coordinate system is
placed in such a way that the x and y axis coincide with the
horizontal and vertical direction, respectively, and the z axis
points outward the figure. The SIBC terminating the simulation
domain in negative y direction is located below the dipole
element with a separation of h. The remaining boundaries of
the simulation domain are assigned to a scattering boundary
condition, which provides a sufficiently low reflection. Here, a
1.5 cm wide stripline shaped current sheet with an impressed
surface current density Js of 1 A/m in z-direction is used as
the excitation of the electromagnetic field. The input power
per unit length of this active element is calculated by
Z
1
0
P1 = − <{ E · Js dc},
(2)
2
C
where Js and E are the impressed electric surface current
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density and the resulting electric field on the stripline (cf.
Fig. 1), respectively. A passive element is aligned parallel to
the active element with a center-to-center separation of d. The
received power per unit length by this passive element can be
computed by integrating the time averaged energy flux density
through the integration contour (cf. Fig. 1), which encloses the
passive element with a surface impedance of 50 Ω1 :
Z
1
0
(3)
P2 = <{ (E × H∗ ) · ds}.
2
S
The coupling between the active and passive elements then
can be evaluated by the ratio of P2 0 and P1 0 .
For the cylindrical phantom arrangement, the passive element is rotated by an azimuthal angle ϕ with respect to the
phantom center. The angle ϕ (24◦ , 36◦ , 48◦ ) is chosen in
such a way that the azimuthal arc between the elements has
the same length as the horizontal separation d (5 cm, 7.5 cm,
10 cm) for the flat phantom arrangement. The outer boundary
of the simulation domain is assigned to SIBC, which models
the RF shield. The power calculation for the active and passive
elements remains unchanged in comparison to the case for a
flat phantom.
1 The surface impedance of the passive element is set to 50 Ω in order to
model the 50 Ω port impedance in reality.
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C. Simulation Results
The power ratio P2 0 /P1 0 for the two coil arrangements
(cf. Fig. 1) is plotted versus surface impedance of the RF
shield in Fig. 2. The effect of different separation distance
from element to element, and from element to RF shield are
investigated. In general, a large surface impedance provides a
higher coupling level than a small surface impedance. Obviously, the coupling is stronger for a smaller separation between
adjacent elements (d, ϕ). As the separation distance from the
coil element to the RF shield (h) increases, a slightly reduced
surface impedance selectivity of the coupling behavior is
observed, indicated by a flatter curve for the power ratio. With
the coil arrangement in Fig. 1, the minimum coupling between
dipole elements appears for a surface impedance of 10 Ω.
For extremely small and large surface impedances, the power
ratio versus surface impedance is quite constant, indicated
by a nearly flat curve. The power ratio is more sensitive to
the surface impedance in the range 0.1 Ω ≤ Zs ≤ 103 Ω.
Basically, the optimal surface impedance behaves in a similar
manner for different coil arrangements, except that for a
larger element-to-element separation (d, ϕ), the coupling for
the cylindrical phantom arrangement is stronger than the one
for the flat phantom arrangement. This phenomenon can be
explained by the compressed electromagnetic field of the
dipole elements due to the azimuthal offset.
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Fig. 3. Three-dimensional simulation models for the coupling investigation
of dipole elements with surface impedance characterized RF shields. (a) Two
parallel aligned dipole elements below a flat phantom. (b) Two azimuthally
offset dipole elements around a cylindrical phantom. (c) Symmetrically fed
dipole element with meander terminals, which are covered by high-dielectric
material (r = 10).
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In this the coupling characteristics between symmetrically
fed dipole coil elements with surface impedance characterized
RF shields is investigated based on a 3-D model.

The simulated transmission coefficient |S21 | of the coil
arrangement (cf. Fig. 3) for different surface impedance of the
RF shield are plotted in Fig. 4. For each surface impedance
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The three-dimensional simulation model for the coupling
investigation between dipole elements is depicted in Fig. 3,
where a symmetrically fed dipole coil element with meander
terminals is utilized. The total length of the coil element is
25 cm. The geometry of the meander remains unchanged in
comparison to the structure in [10]. In order to fine-tune the
current distribution on the strip line, high-dielectric substrates
have been placed around the meander sections to increase
their electrical length [13]. Similar to the two-dimensional
investigation, a flat and a cylindrical phantom arrangement are
considered. Phantom parameters are kept unchanged compared
to Section II. The separation between neighboring elements
for the flat phantom arrangement is set to d = 10 cm. For
the cylindrical phantom arrangement the elements are offset
by 48 deg in azimuthal direction, so that the azimuthal arc
between the elements has the same length as the horizontal
separation for the flat phantom arrangement. The separation
between the element and the RF shield is fixed to 1 cm for
the three-dimensional investigations.
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Fig. 4. Simulated transmission coefficient |S21 | for (a) two parallel aligned
dipole elements below a flat phantom, and (b) two azimuthally offset dipole
elements around a cylindrical phantom.

a sufficient matching (|S11 | ≤ -25 dB) is achieved. The RF
shield with large surface impedance (ZS = 105 Ω) provides
the highest coupling for the three compared cases. The coil
elements with optimal surface impedance (ZS = 10 Ω) from the
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Fig. 5. Time-averaged energy flux density Pav in the transverse cut of the simulation domain for (a-c) two parallel aligned dipole elements loaded by a
flat phantom (cf. Fig.3(a)), and (d-f) two azimuthally offset dipole elements loaded by a cylindrical phantom (cf. Fig.3(b)). The surface impedance of the RF
shield for (a, d), (b, e) and (c, f) is assigned to 105 Ω, 10 Ω and 10−5 Ω, respectively. ZS = 10 Ω refers to the case with the optimal decoupling.

two-dimensional investigation (cf. Fig. 2) reveal a minimum
coupling at 300 MHz. The surface impedance ZS = 10−5 Ω
behaves in a quite similar manner as the optimal case, but with
a slightly higher coupling level. The minor difference between
ZS = 10 Ω and ZS = 10−5 Ω is in agreement with the flat curve
for low surface impedance values in Fig. 2.
In order to understand the obtained coupling characteristics
of the coil elements for different surface impedances, the timeaveraged energy flux density Pav (i.e. Poyinting vector) in
transverse cut (z = 0) of the simulation domain (cf. Fig. 5)
was investigated. For a large surface impedance the energy flux
density is focused in the vicinity of the coil element (outside
the phantom) and extends to the neighboring element, resulting
in a high coupling level. For a small surface impedance the
coupling is mainly supported by the power flow inside the
phantom. The different energy flux densities near the RF
shield are due to the fact that the tangential electric field and
normal magnetic field are supported by the boundary with
large surface impedance, which is similar to a perfect magnetic
conductor; whereas they are suppressed by the boundary
with small surface impedance, which is similar to a perfect
electric conductor. The minimum coupling is achieved with
the optimal surface impedance, where the energy flux density
in- and outside the phantom are moderately balanced.
IV. C ONCLUSION
In this study we presented a coupling investigation of dipole
elements with surface impedance characterized RF shield. Two
simulation models for the dipole coil element have been considered here: an ideal impressed current model for 2-D analysis, and a symmetrically fed dipole with meander terminals
for the 3-D case. Depending on the spatial arrangement (e.g.
the shape of the phantom, the edge-to-edge separation between
coupled coil elements, the separation from coil element to RF
shield), an optimal surface impedance of the RF shield could
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be found for a minimum coupling between neighboring coil
elements. The optimal surface impedance can be realized by
a frequency selective surface (FSS) [14], which is currently
under investigation. Our investigation reveals a new approach
to modify the coupling characteristics of the dipole coil
elements for 7 T MRI. The dipole elements utilized here are
designed for 7 T MRI, however, the proposed approach is very
general and can be applied to other MRI settings with different
magnetic field strengths as well.
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Göteborg, Sweden, April 8-12, 2013, pp. 1716–1719.
[14] N. Engheta and R. W. Ziolkowski, Eds., Metamaterials: Physics and
Engineering Explorations . Wiley-IEEE Press, August 2006.

115

© IMATech e.V. • Ratingen, Germany

