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Abstract

In magnetic resonance imaging a birdcage coil is the most commonly used volumetric resonator creating highly homo-
geneous radiofrequency magnetic field in a conductive sample. An artificial magnetic radiofrequency shield was recently
shown to improve the magnetic field amplitude per unit power (transmit efficiency) of a preclinical birdcage coil by
reducing the intrinsic losses in the coil and increasing power absorbed by the sample. In this paper, we propose a new
application of an artificial shield in clinical MRI. Thanks to the proposed artificial shield a birdcage coil for human
brain imaging operating at 300 MHz (Larmor frequency of protons at static fields of 7 T) can be expanded to increase
free space. As a result, the coil becomes more comfortable for the patient and keeping comparable transmit efficiency.
The same extended coil with a conventional copper shield would have at least 10% lower efficiency. The proposed
artificial shield is implemented as an annular-ring cavity-backed slot in a copper cylinder that tightly surrounds the bird-
cage. To demonstrate the effect, radiofrequency magnetic field and specific absorption rate distributions were compared

numerically and experimentally for the initial and extended coils with different shields.

Keywords: ultra-high field MRI, magnetic shield, human head MRI, birdcage coil

1. Introduction 2

Magnetic resonance imaging (MRI) [1] is one of the
most informative and safe methods of non-invasive diag-
nosis of diseases and one of the most important tools for
biomedical research. In any MR scanner, radio-frequency "
(RF) coils are responsible for the excitation of spins (mainly
of protons) in an investigated sample with RF pulses and
for the detection of their resonance response [2]. The most
frequently used transmit RF coil in MRI is a birdcage coil
[3] providing at low frequencies a homogeneous magnetic "
field in the region of interest (ROI). MRI actively develops
towards higher resolution and shorter scan time due to the
transfer of clinical MRI to higher fields [4]. Ultra-high-field
(UHF) MR scanners have already demonstrated superior
capabilities providing a new level of medical diagnostics “
[5, 6]. Though at the moment, most of the available MRI
scanners in hospitals worldwide operate with static fields
from 1.5 to 3 T (high field with Larmor frequencies from
64 to 128 MHz), research scanners for the whole human
body have reached the field of 7-10.5 T. Currently the new N
research direction is to adapt 7 T to the clinical use [7].
Recently 7 T MRI was certified for clinical applications
but only with very limited hardware operation due to spe-

cific problems of Larmor frequencies elevated to 300 MHz
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such as high and hardly predictable RF power deposition
of body tissues, and visible inhomogeneity of images [8].
To generate the most uniform magnetic field in the head in
UHF MRI local arrays for parallel transmission typically
composed of loop or dipole antennas are used [9, 10, 11].
This approach, however, requires multi-channel transmit
systems, that are expensive and difficult to operate with.
Therefore, their use is limited, and so far birdcage coils re-
main the only possible solution for clinical MRI of a human
head at 7 T.

The most important specifications for transmit RF coils
are transmit efficiency, and specific energy absorption rate
(SAR). The transmit efficiency is defined as the amplitude
of the transmit magnetic field with right-hand circular po-
larization created by the coil in the ROI (B;") for a given
power accepted by the coil from a transmitter. For all cal-
culations in this paper the given power is 0.5 W and all
Bf distributions are representing the efficiency levels mea-
sured in uT. SAR is defined as the RF power absorbed per
unit of mass of the sample (W/kg). Coils for brain imag-
ing are usually placed as close as possible to the patient’s
head to maximize the transmit efficiency. Tight-fitting
coils despite having better efficiency create high hotspots
of SAR, which may decrease the ratio of B;" /v/SAR (i.e.,
the safety excitation efficiency (SEE)) [12]. Also, a tight
coil is less comfortable for the patient and provides lim-
ited access to the ROI during the scan time. Finally, in
ultra-high-field MRI, a combination of a transmit birdcage
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coil and an array of receive loops is used to benefit fromiw
the improved signal-to-noise ratio (SNR) while using only
one transmit channel. In this scenario, the local receive
array occupies the space between the head and conduc-
tors of the birdcage. As a result, the comfort of patients
is further decreased. To increase the free space one couldis
enlarge the radius of the birdcage coil. However, in this
case, the transmit power drops down due to dissipation in-
side the coil and to undesirable radiation. In this case, the
coil becomes insufficiently loaded meaning that not all the
transmit power goes to the sample, which, as well knownizo
[13], limits the transmit efficiency.

Another factor that affects the transmit efficiency of
the birdcage coil is the presence of a shield. Usually, such
coils are shielded from the gradient system with a copper
foil or grid to reduce radiation losses and make the per-is
formance stable [14]. As a result, both the electric and
magnetic fields noticeably grow in the gap between the
coil and the shield while reducing at the sample position
at the center [15]. This effect occurs due to a negligi-
ble surface impedance of a metal shield. This boundaryis
condition enforces an almost zero tangential electric field
leading to out-of-phase reflection of electromagnetic waves
created by the birdcage coil. In turn, this causes a strong
destructive interference of the initial field and the reflected
one. 135

There is, however, a perfectly reflecting magnetic RF
shield, that on the contrary, reflects electromagnetic waves
in phase. It can be represented as a surface with a tangen-
tial magnetic field component vanishing due to an infinite
surface impedance. This property is provided by a bound-1o
ary of a so-called perfect magnetic conductor (PMC). How-
ever, natural magnetic conductors do not exist and can
be only approximated in a narrow frequency range with
resonant periodic structures called artificial magnetic con-
ductors (AMCs). The latter exhibit very high surfaceus
impedance (much higher than a free-space wave impedance)
at the resonance of their unit cells. The impedance of
such structures, also known as high-impedance surfaces
(HISs) is frequency-dependent and almost reactive (with
a dominant imaginary part) [16]. HISs are widely used inus
antenna design as shields that can be placed much closer
than the quarter wavelength to a dipole or microstrip radi-
ators still providing in-phase reflection [17, 18]. One of the
first structures providing reflecting plane waves in-phase is
a corrugated wall [19]. The top surface of an array of pe-
riodic straight grooves in metal operates as a HIS for TM
polarization of an incident wave in a wide range of inci-
dence angles. Since the grooves must be of the quarter-
wave depth, to be compact each groove should be filled
with a high-permittivity material. Another approach is to
use low-profile mushroom surfaces proposed in [17]. Mush-
room surfaces are produced as thin grounded slabs with
patches connected through vias to the ground. The oper-""
ational principles and different realizations of HISs were
reviewed e.g. in. [16]

The idea of using a HIS to improve the performance

of RF coils in MRI was earlier suggested in the literature
by several authors. A HIS has been applied to individu-
ally driven dipole elements of a head array coil for par-
allel transmission in brain imaging [20] and to a surface-
loop coil for breast imaging in a 7-T MRI system [21].
In both cases, the improvement of the RF-field distribu-
tion in a phantom (a conducting sample mimicking elec-
tric properties of body tissues) and increased efficiency
were observed. However, the study of using HISs in the
most popular transmit coils for MRI, i.e. birdcage coils
has been studied only recently. In [22] the authors first
suggested using an artificial magnetic shield consisting of
split-ring resonators with a birdcage coil for full-body MRI
to reduce the hotspots SAR. It was shown that the struc-
ture in [22] provides more homogeneous B; field and lower
electric field. In [23] it was shown that the artificial mag-
netic shield realized as a miniaturized corrugated structure
when used as a shied increases the efficiency of the preclini-
cal birdcage coil and this improvement depends on the size
of a conducting sample. The efficiency gain of 13% was
numerically and experimentally demonstrated for MRI at
7 T for the artificial magnetic shield over a conventional
copper shield. At the same time, the shape of the RF
magnetic field pattern in the sample was not distorted in
comparison to the copper shield. As a result, by using a
corrugated shield one can improve the signal-to-noise ra-
tio when using the same coil for the reception, but with
the same homogeneity. However, since a small preclinical
birdcage was considered, no analysis of SAR was made in
[23].

In this paper, we extend the approach of using HISs
to improve the transmit efficiency of the birdcage coil to
human MRI by solving the following problem. The tight-
fit birdcage coil for human brain imaging maximizes its
transmit efficiency when properly loaded, that is, most of
the transmit power is dissipated in the sample with mini-
mum possible to be dissipated in the coil or radiated. We
numerically and experimentally demonstrate that thanks
to using a shield with a resonant cavity-backed annular-
ring slot it is possible to extend the volume of a birdcage
coil without a sugnificant degradation of its efficiency. The
coil, therefore, becomes much more comfortable for a pa-
tient due to larger free space while having lower SAR and
comparable efficiency as the initial tight-fit configuration.

2. METHODS

2.1. Numerical simulations

All numerical simulations were done using CST Mi-
crowave Studio 2019 software. A typical high-pass bird-
cage coil for brain imaging at 7 T (operational frequency
of 300 MHz is Larmor frequency of protons) surrounded
by a cylindrical copper shield was chosen as a reference
and the initial configuration to be extended. The radius
of the coil was Rieference = 150 mm and shield radius
Ryeforence shield = 160 mm, the width of the rungs was
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W = 20mm. As an extended coil, we considered a bird-
cage coil with the radius Rextended = 200 mm, and the
same number of rungs as the reference coil, the width of
the rungs was W = 40 mm, and the shield radius was
Rextended shield = 210 mm. The width of the rungs ofzs
the extended coil was doubled with respect to the cor-
responding width of the initial coil to avoid small values
of end-ring capacitance and therefore, to improve repro-
ducibility of tuning in the experiment. The effect of the
width of the rung width on the efficiency of coil was nu-2s
merically estimated to be less than 1%. Therefore, it is
correct to compare both coils despite of different widths.
The above parameters are explained in Fig 1. Then for
this extended coil, the cylindrical copper shield was re-
placed with a cylindrical PMC shield modeled as a slabass
of PMC with frequency-independent properties, and then
the PMC shield was replaced by a HIS shield. The HIS
shield was described with a frequency-dependent surface
impedance. The dispersion corresponded to extracted res-
onant surface impedance of a real flat corrugated structureao
with a depth of corrugations 15 mm, relative permittivity
gy = 140 of the dielectric filling the corrugations. After nu-
merical simulations of the structure with periodic bound-
ary conditions, the dispersive surface impedance was ex-
tracted and then applied to a uniform and isotropic bound-2s
ary condition at the cylinder of the HIS shield surround-
ing the extended birdcage coil. The calculated frequency
dependence of the real and imaginary parts of the sur-
face impedance and the geometry of the corrugated struc-
ture are shown in Fig.2. The resonance of the surfaceaso
impedance is observed at 530 MHz. But the birdcage and
HIS shield when combined behave as coupled resonators.
Due to this coupling the common mode was shifted down
to 300 MHz despite that both the fundamental modes of
the birdcage and HIS resonated individually at higher fre-2ss
quencies. In particular the fundamental mode of the bird-
cage couples to the fundamental mode of the HIS shield.
The birdcage end-ring capacitors are tuned after combin-
ing so that the common coupled mode of this system res-
onates at the Larmor frequency of 7 T (300 MHz). CSTzo
models of the above-described coils are shown in Fig. 1.
The results of Figl (d) demonstrate the field modification
due to HIS under the assumption of a scalar and local sur-
face impedance shown in Fig. 2, which is an approximate
method. Indeed the birdcage creates evanescent modes
that interact with the model HIS not like with the real-2ss
istic corrugated structure depicted in Fig. 1. However,
the effect of HIS on the field in the center of the phan-
tom is mainly due to propagating waves and it is the same
as for the corrugated structure. Therefore, the calculated
efficiency in the center is a correct estimation for the con-2n0
structive interference due to a shield.

Despite a cylindrical corrugated structure filled with
high-permittivity dielectric could behave as an artificial a
magnetic RF shield, this structure would be very heavy
and expensive for the considered sizes. Therefore we pro-s
posed a simplified version of the shield, which, as we show,

provides a similar effect to the birdcage coil while being
composed only of metal parts. The simplified resonator
contains a single annular-ring slot in copper cylinder and
backed by a coaxial cavity. The slot of the 1-mm width
is cut around the whole circumference of the cylinder in
its middle transverse plane. The slot with the outer coax-
ial cavity as shown in Fig. 3. In fact, the slot connects
the inner cylindrical volume with the outer coaxial cavity.
At the resonance of the outer cavity, the slot behaves as
a ring of magnetic current flowing around the circumfer-
ence of the cylindrical shield. As for the HIS shield, this
single-slot resonator supports a fundamental mode which
couples to the fundamental mode of a birdcage coil placed
inside the resonator. The common mode of the system,
in this case, resonates at the Larmor frequency if the slot
resonator alone resonates at 590 MHz (which is close to
the required tuning frequency of an idealized HIS shield).
To achieve this tuning condition, the main parameter, the
axial length of the outer coaxial cavity L,es should be equal
to 80 mm, while for compactness the radial width h,es of
the cavity is limited to 23 mm. The CST model of the
birdcage coil with the resonator is shown in Fig. 3.

All birdcage coils (either with a reference or extended
size) were composed of N = 12 copper rungs with the
length L = 180 mm and were surrounded by a cylindrical
shield, at the radial distance ¢ = 10 mm from the rungs. In
all considered cases two discrete ports were placed parallel
to the end-ring capacitors 90 degrees apart and fed in the
quadrature regime to maximize the transmit efficiency of
these coils. The maximum of the local SAR averaged for
10g were calculated for the given accepted power 0.25 W
per port (0.5 W in total).

At the first step, we investigated the transmit efficiency
of the described above birdcage coils in the case of a homo-
geneous phantom of the human head with the properties
er = 50, 0 = 0.657 S/m [24]. At the next step, we nu-
merically simulated the reference and extended coils with
a copper shield and the extended coil with the resonator.
We investigated the transmit efficiency and local SAR us-
ing a virtual family multi-tissue model "Duke” [25] for the
human head situated in the middle of the birdcage. To
compare the performance of the coils for different head
sizes, the voxel model was scaled with a factor of k=0.9
(Small head) and k=1.2 (Large head).

2.2. Experimental demonstration

To confirm the simulation results experimentally, we
constructed three birdcage coils: one standard-size (refer-
ence) and two extended coils with the same parameters
as in the simulations: with copper shield and the slot res-
onator shown in Fig. 4. The rungs and end-rings of the
coils were printed on 0.7-mm-thick RF4 substrates and
fixed on foam plastic cylinders with solid plastic holders.
Fixed SMD capacitors with a capacitance of 5.6 pF, 5.1
pF, and 4.7 pF respectively were soldered to special gaps
in the end-rings between rungs. Additional variable ca-
pacitors were placed in parallel with one of the end-ring



B+ O 0.5 1
(uT)

a

gcvﬁ(

Rsnigi

200-200

Z () X X ()
Figure 1: Numerically calculated transmit efficiency distributions with a homogeneous head-shaped phantom (a) reference coil with copper

shield (b) extended coil with copper shield (c) extended coil with PMC shield (d) extended coil with HIS shield

15710 ‘ ‘ ‘
—Re(Zs)
1f —m(z)
£ 0.5/
<
o
N" o
-0.5¢

500 510 520 530 540 550
F. MHz

Figure 2: Numerically calculated real and imaginary parts part of
the surface impedance of the resonant HIS

avwsrer,
SNy Resonator

L 7
Tir

o
Liaassaasas Birdcage
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same coils with large phantom within

Figure 3: extended coil with resonator: general view, transmit effi-
ciency and E field vector and magnitude distribution
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capacitors 180 degrees apart from the feeding port for fine
tuning to the Larmor frequency. The conventional cop-
per shield was built as a solid copper film wrapped around
the plastic cylinder and an additional 10-mm-thick plas-
tic holder. To fabricate the slot resonator, we combinedsss
a plastic cylinder holder wrapped with copper film with a
1-mm cut in the central transverse plane, and a ring outer
coaxial formed by a foam ring metalized by copper film
and soldered from outside to ensure shielding action and
avoid radiation. 340

To evaluate the efficiency level vs. the radius of the
sample, we made two dielectric phantoms from thin-walled
polyethylene cans. The small phantom had a diameter of
9 cm, the big phantom had a diameter of 15 cm. All
phantoms were filled with a mixture of water, alcohol,ss
and salt with the same permittivity and conductivity as
in the simulations. All coils in the experiments were ex-
ited in the linear-polarization regime for simplicity and
the transmit efficiency inside the coils was detected by
a small pickup-loop probe connected to a port of a vec-so
tor network analyzer (VINA). The other port of the VNA
drives the birdcage at one port. The transmit efficiency
proportional to the magnetic field produced by the coil in
the center normalized by the square root of the accepted
power was determined using the measured S-parameterssss
as |S12|/4/1 = [S11]2//1 — [S22|2. Note that the efficiency
obtained in this method for the linear polarization is pro-
portional to the efficiency of the same coil driven in the
quadrature excitation regime (circular polarization), and
thus can be used for comparing the manufactured coils.ss
The efficiency level of the reference tight-fit coil was taken
as 100 % for each phantom size in simulations and mea-
surements. To investigate the transmit efficiency distribu-
tion inside the phantom of the reference coil and extended
coil with the resonator, the transmit efficiency was mea-ses
sured in the XY (transverse) and (YZ) sagittal planes.
The efficiency distributions were measured by moving the
probe with a programmable 3D positioning system.

370

3. RESULTS AND DISCUSSION

3.1. Numerical comparison of the transmit and SAR effi-
ciency
3.1.1. Numerical simulations with homogeneous phantom
The transmit efficiency distributions in the longitudi-
nal and transverse planes of a homogeneous head-shaped
phantom and the transmit efficiency in its center are shown
in Fig. 1 and 3. Fig. 1 (a) and (b) show the results for
the reference and extended birdcage coils with the copper
shield and the corresponding CST models as insets. As
the radius of the coil increases by 30%, its transmit effi-”
ciency decreases by 26% as the useful power adsorbed by
the sample reduces by 32% (from 0.38 W to 0.26 W for the
same accepted power of 0.5 W). Therefore, the increase of
the coil is accompanied by additional intrinsic coil losses

resulting in lower effibyciency. As it was discussed in [23]385

0

one option to increase the efficiency of the birdcage coil is
to use an artificial magnetic RF shield instead of a copper
one. In the simulations, the copper shield of the extended
birdcage coil was replaced with a cylindrical perfect mag-
netic conductor (PMC) boundary. The result is shown in
Fig. 1 (c). As can be seen, the field in the internal volume
of the coil becomes strongly inhomogeneous as the wave
excited by the port experiences exponential decay while
propagating around the circumference of the birdcage in-
stead of producing a standing fundamental mode. This has
been previously explained by increased dissipation loss in
the sample per unit circumference length [22]. This behav-
ior is non-physical since without natural magnetic conduc-
tors achieving infinite surface impedance is possible only
at one frequency. Therefore, a more realistic model to
predict the properties of the birdcage surrounded by an
HIS should use a frequency-dependent surface impedance
rather than PMC.

In practice, the in-phase reflection of the electromag-
netic waves is provided by thin resonant periodic struc-
tures around the resonant frequency. The simulation re-
sults for the extended birdcage with a resonant shield mod-
eled by a boundary with properly tuned resonant surface
impedance plotted in Fig. 2 are shown in Fig. 1 (d). The
presence of the HIS shield enhances the loading of the coil
and increases the power dissipated in the phantom back
to reference value. From the comparison of Fig. 1 (a)
and (d) one may conclude that the extended birdcage in
the presence of HIS reaches transmit efficiency just by 6%
lower than the reference tight-fit coil (0.46 uT vs. 0.49 uT,
accordingly).

Now let us consider the efficiency improvement due to
a real resonator. The general view of the extended bird-
cage coil with the cavity-backed slot, the E- and H-field
vector distributions in the cross-section plane of the res-
onator, transmit efficiency distributions in the sagittal and
transverse planes, transmit efficiency and E-field distribu-
tion in the sagittal plane are shown in Fig. 3. From the
vector distributions, it can be seen that this slot behaves
similarly to a ring of magnetic current and adds construc-
tively to the transmit efficiency in the center of the coil
(both E- and H-field are increased).

3.1.2. Numerical simulations with vozel human model

In Fig. 5 we show the general views of the reference
and extended coils with a copper shield and the extended
coil with the cavity-backed slot resonator containing the
head of the human voxel model "Duke” used for careful
SAR prediction. In the same figure, SAR averaged over
10 g of body tissues and Bf' maps in the sagittal plane are
shown. It can be seen that the extended coil with a copper
shield has the transmit efficiency by 21% lower than the
tight-fit coil. However, as the resonator is used as a shield
for the extended coil the efficiency recovers and becomes
only 5% worse than the reference coil. At the same time,
25% less local SAR is achieved because of lager distance
between the coil conductors and the head.
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Figure 5: birdcage coil with voxel model of human head: general
view (left column), SAR distributions (center column), and transmit
efficiency distributions (right column) (a) reference coil with copper
shield (b) extended coil with copper shield (c) extended coil with
resonator

Table 1 summarizes the simulation results of the ref-
erence and extended coils with a copper shield and the
extended coil with the resonator. The table includes the
results obtained using three voxel models scaled in sizes,
with different factors. It can be seen for all head sizes, the
SAR for the extended birdcage coil with the resonator is
lower than for the reference coil and the transmit efficiency
is higher than for the extended coil with the copper shield.
A SAR efficiency, the most important figure of merit of
transmit MRI coils, was defined as Bj"/v/SAR. It can
be seen from the table that for average-size and large-size
head, the SAR efficiency in the presence of the resonator
is higher than for the copper shield for the same extended
coil size, while for the small-sized head it is comparable.

420

3.2. Ezperimental confirmation

To confirm the numerical simulations, we constructed
three birdcage coils: the reference coil with a copper shield,
the extended coil with a copper shield, and extended coil
with the cavity-backed slot resonator, and evaluated them"”
on a bench.

The graph in Fig. 6 shows the dependence of the trans-
mit efficiency at the center of the phantom compared to
one of the reference coil for three phantom sizes. Although
the efficiency of the extended coil with the resonator can-
not recover the level of the reference coil, the measured
transmit efficiency of the extended coil with the resonator*®
is from 10 to 40% higher than for the extended coil with a
copper shield depending on the sample size. In Fig. 6 the
measured values are compared to the simulation results.
A qualitative comparison of the dependencies can be ob-

100

——Extended coil with resonator measured

Extended coil with resonator simulated
——Extended coil with copper shied measured
"""" Extended coil with copper shied simulated
0 ——Reference coil

M -

5
Rphantom (mm)

Transmit efficiency (%)

15

Figure 6: Measured transmit efficiency at the center of a phantom
for three sized of the phantom (efficiency of the reference coil was
taken as 100% level).

Reference coil with copper shield

Transmit
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100

80
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Figure 7: Measured map of normalized transmit efficiency inside the
phantom for the reference coil and extended coil with the resonator
in XY and Y Z plane

served. The deviations between the simulations and mea-
surements could be explained by differences in the phan-
tom shape and position of the phantom and probe inside
the coil.

In Fig. 7 color maps of the measured efficiency inside
the large phantom in XY and Y Z planes for the reference
coil and extended coil with the resonator. It can be seen
that as was expected from the simulations, the two coils
have the similar transmit efficiency pattern shapes inside
the phantom.

4. Conclusions

In this work, a new application of an artificial mag-
netic shield in clinical MRI of a human head at 7 T was
proposed. It was shown by numerical simulations that the
transmit efficiency of the birdcage coil depends on its size
and the best efficiency can be achieved when all trans-
mit power is dissipated in the phantom. When extended
the coil becomes less efficiency a considerable part of the



435

440

445

450

455

460

465

470

475

Table 1: Numerical comparison of the transmit efficiency and SAR.

Small head Average-size Large head
Reference coil By, uT 0.59 0.56 0.43
SAR, W/kg 0.36 0.358 0.26
Bf /V/SAR , uT/\/W/kg 0.98 0.96 0.84
Extended coil By, uT 0.45 0.44 0.4
SAR, W/kg 0.19 0.197 0.22
B /V/SAR , uT/\/W/kg 1 0.99 0.85
Extended coil with resonator By, uT 0.51 0.52 0.4
SAR, W/kg 0.264 0.264 0.21
Bf /VSAR , uT/\/W/kg 0.99 1.01 0.88

transmit power is lost inside the coil. Therefore, the ex-
tended coil with a conventional shield though more com-
fortable for the patient is by 20-40% less efficient than
the initial tight-fit coil. However, we have shown that insso
this case the transmit efficiency can be again increased by
changing the copper shield to an artificial magnetic shield.
We have experimentally shown that the proposed slot res-
onator backed by a coaxial cavity increases the transmit
efficiency of the extended birdcage by 10-40% depending
on the sample size in comparison to a copper shield. It
allows the extended coil to be only 10% less efficient than,,,
a tight-fit reference coil. At the same time, the maximum
local SAR value of the proposed coil is 25% lower than
for the reference coil due to an enlarged distance between
the conductors and the head. The SAR efficiency of the
proposed coil is even 3% better than of the reference one.
Therefore, due to the in-phase interference between the
field of the extended birdcage and the cavity-backed slot,**
due to extended size the proposed coil is more comfortable
for the patient than the reference one, at the expense of
5-10% efficiency reduction, but showed the same or better
SAR performance. The constructive interference effect was®
confirmed by a comparison to an ideal HIS shield in sim-
ulations showed the same effect on the coil’s efficiency. In
both cases the part of the accepted transmit power which
is absorbed by the sample and not lost in the coil increases.”
The presence of the resonator enhanced the transmit
efficiency of the extended coil for all considered sizes of
the sample. The efficiency gain depends on the phantom
size: the smaller the sample the larger the gain due to the
resonator. Finally, as clearly follows from simulations and
measurements, the resonator does not negatively affect the
transmit efficiency distribution inside a phantom, therefore
does not change homogeneity of images. e
Thought the proposed resonator is just a single slot
which behaves with respect to the volume of the coil as a
ring of magnetic current, its effect on the efficiency is the
same as of a HIS cylindrical boundary. On the HIS bound-"
ary an azimuthally flowing surface magnetic current dis-
tributed along the axial direction is induced. Despite a pe-
riodic corrugated structure would better approximate this520
distribution, the proposed single-slot resonator is easy to
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build without any high-perimittivity materials. Therefore,
the proposed resonator was found to be a very interesting
alternative to conventional copper shields of birdcage coils
for human brain imaging at 7 T, which enables efficient
operation with increased free space for the patient.
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