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A Novel RF Resonator for Human-body MRI at 3 T
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A square-slot-loaded (SSL) radio-frequency (RF) resonator using a microstrip transmission line
(MTL) is designed for human-body magnetic resonance imaging (MRI) at 3 T MRI. The SSL RF
resonator shows improved RF magnetic fields resulting in more homogenous fields near the center
of the phantom than traditional RF resonators using MTL. A multichannel body coil using the
SSL RF resonators is also simulated and provides improved parallel excitation performance. In
addition, RF shimming for homogenization can be effectively controlled by adjusting the inputs to
the eight resonators. Numerical results are obtained by using a spherical phantom and a realistic
human-body model at 3 T to calculate the B+

1 fields.
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I. INTRODUCTION

High-field magnetic resonance imaging (MRI) systems
(> 4 Tesla) have higher intrinsic SNRs (signal-to-noise
ratios) and higher resolution, and are currently being
investigated for clinical use [1–3]. One of the main chal-
lenges for these systems is B+

1 field inhomogeneity. Mul-
tichannel coils with parallel excitations are used to alle-
viate this problem [4, 5]. They can provide higher B+

1

fields in the region of interest (ROI) and can optimize
the B+

1 fields by driving the currents of individual coil
elements. In this paper, the multichannel body coil is
applied to 3 T MRI systems, and a new RF resonator
is proposed to enhance the multichannel body coil’s per-
formance. A general microstrip transmission line (MTL)
resonator and a proposed square-slot-loaded (SSL) res-
onator are simulated with a head phantom to obtain the
B+

1 distribution. Then, an eight-channel body coil with
MTL resonators was replaced by the proposed SSL res-
onators for human-body simulations. To determine the
excitation parameters of the multichannel body coil, are
used convex optimization [6–8], and the multichannel
body coil using SSL resonators provided improved B+

1

fields. To the best of our knowledge, there are no previ-
ous analyses of a multichannel body coil in 3 T MRI sys-
tems. Multichannel body coils based on SSL resonators
can be used at hospitals for higher quality images.
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Fig. 1. Illustration of a microstrip transmission line
(MTL).

II. METHOD AND RESULTS

Figure 1 shows an RF resonator based on a microstrip
transmission line (MTL). The low-loss dielectric material
Teflon (εr=2.08, loss tan.=0.004) was used as the sub-
strate of the microstrip with a height (h), length (l), and
width (w) of 2.0, 15, and 0.18 cm, respectively. A mi-
crostrip line with terminated capacitors at its ends was
used as a λ/2 resonator. The terminated shunt capaci-
tors were used to reduce the physical length and ensure
that the resonator operated at the desired Larmor fre-
quency (128 MHz, 3 T). With identical dielectric materi-
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Fig. 2. (Color online) Top views of a general RF resonator
(a) and a square-slot-loaded RF resonator (b), and the nor-
malized surface current density distribution (c).

Fig. 3. (Color online) Normalized magnetic field intensity
penetrating into a spherical phantom for the (a) general RF
resonator) and the (b) SSL RF resonator.

als, the two resonators had different top view structures,
as shown in Figs. 2(a) and (b). The proposed resonator
has a square slot with a width of 6 mm and a length of
18 mm. The distances between adjacent square slots and
between square slots in the longitudinal direction were 2
mm and 6 mm, respectively.

The purpose of the RF resonator design is to increase
the penetration of a magnetic field into a lossy object.
To increase the penetration of a magnetic field, the sur-
face current density on the strip conductor is also in-
creased. The impact of loading squares slot on a strip
conductor can be seen in the surface current density dis-
tributions in Fig. 2(c). In the general RF resonator, the
surface current density is concentrated near the edges of
the strip conductor. The surface current density of the
SSL RF resonator is concentrated near the edges and at
the center of the strip conductor. Figure 3 shows that
the penetrating magnetic field’s intensities for the gen-
eral RF resonator and the SSL resonator at the center of
the spherical phantom (εr=58.1, σ=0.539) are 0.08 and
0.16 [A/m], respectively. The magnetic field intensity
for the SSL RF resonator was much stronger than that

Fig. 4. (Color online) (a) An 8-channel body coil with a
human model and (b) axial view of a realistic body model
including many different tissue types.

for the general RF resonator. Note that the input power
of the RF resonators was normalized to 1 watt for the
comparison.

The radiation fields without a human object can be
calculated [9], however, it is not enough in the MRI
study. In this paper, the computational analysis (SEM-
CAD X version 14.8, SPEAG, Zurich [10]) was based
on the finite- difference time-domain method and was
used to obtain the B+

1 fields with a human model. As
seen in Fig. 4, the Duke model from the Virtual Family
Models was used to simulate 8-channel resonators inde-
pendently. This human model is a realistic and hetero-
geneous human head including 20 different tissue types
(e.g., skin, blood, fat, muscle, gray matter, white matter,
cerebrospinal fluid, and so on). To determine the input
excitation values of each resonator element, we were con-
vex optimization is used for the B+

1 shimming [6–8].
Figure 5 shows the B+

1 standard deviation (STD) and
mean value (MEAN) of the 8-channel body coil using the
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Fig. 5. (Color online) B+
1 standard and mean values for an 8-channel body coil at (a) three regions of interest after

optimization using (b) a general RF resonator and (c) a square-slot loaded RF resonator.

general RF resonator and the SSL RF resonator for three
different regions of interest (ROI) after convex optimiza-
tion. In general, improved coils have higher and more
homogeneous B+

1 fields in the object, therefore, a lower
STD and a higher MEAN are desired in this study. Be-
cause the sizes of the ROIs affect the B+

1 optimizations
slightly [6], three different ROIs having radii of 5 cm,
8 cm, and 10 cm from the center of the transaxial slice
are used. For all three ROIs, the B+

1 mean value of the
body coil is approximately 3.5% larger with the proposed
SSL RF resonator than with the general RF resonator.
As a result, the B+

1 field using the SSL RF resonator
penetrated deeper into the human body. Therefore, for
parallel imaging, the SSL RF resonator performs well as
a multichannel body coil for the human body compared
to the general RF resonator when the mitigation of the
inhomogeneous B+

1 field is considered.

III. CONCLUSIONS

These 3 T MRI has become a standard technique for
diagnosis imaging of the human body. However, com-
pared to ultra-high-field MRI (> 7 T), 3 T MRI has
a worse intrinsic SNR. To overcome this problem, we

propose a multichannel body coil with eight SSL RF res-
onators and compare it to traditional RF resonator based
coils. After optimization, the proposed coil provides im-
proved B+

1 fields, and the coil using SSL RF resonators
can be effectively controlled for parallel excitations to
increase the B+

1 field at 3 T.

ACKNOWLEDGMENTS

This work was supported by the 2014 Research Fund
of University of Ulsan.

REFERENCES

[1] J. Vaughan, M. Garwood, C. M. Collins, W. Liu, L. De-
laBarre, G. Adriany, P. Andersen, H. Merkle, R. Goebel,
M. B. Smith and K. Ugurbil, Magn. Reson. Med. 46, 24
(2001).

[2] J. Vaughan, L. DelaBarre, C. Snyder, J. Tian, C. Akgun,
D. Shrivastava, W. Liu, C. Olson, G. Adriany, J. Strupp,
P. Anderson, A. Gopinath and P. Moortele, Magn. Re-
son. Med. 56, 1274 (2006).



-816- Journal of the Korean Physical Society, Vol. 64, No. 6, March 2014

[3] J. Vaughan, G. Adriany, C. J. Snyder, J. Tian, T. Thiel,
L. Bolinger, H. Liu, L. DelaBarre and K. Ugurbil, Magn.
Reson. Med. 52, 851 (2004).

[4] X. Zhang, K. Ugurbil and W. Chen, Magn. Reson. Med.
46, 443 (2001).

[5] G. Adriany, P. F. V. Moortele, F. Wiesinger, S. Moeller,
J. P. Strupp, P. Anderson, C. Snyder, X. Zhang, W.
Chen, K. P. Pruessmann, P. Boesiger, T. Vaughan and
K. Ugurbil, Magn. Reson. Med. 53, 434 (2005).

[6] H. Yoo, A. Gopinath and J. T. Vaughan, IEEE Trans.

Biomed. Eng. 59, 3365 (2012).
[7] H. Yoo, Elec. Lett. 49, 14 (2013).
[8] H. W. Son, Y. K. Cho, A. Gopinath, J. T. Vaughan, C.

H. Lee and H. Yoo, J. Electromag. Waves Appl. 27, 12
(2013).

[9] T. H. Hubing, J. Electromag. Engineering and Sci. 13,
4 (2013).

[10] SEMCAD X by SPEAG, www.speag.com.


