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We design a crisscrossed double-layer birdcage (DLBC) coil by modifying the coil geometry of a standard
single-layer BC (SLBC) coil to enhance the homogeneity of transmitting magnetic flux density (B,") along the
main magnetic field (By)-direction for small-animal magnetic resonance imaging (MRI) at 300 MHz. The
performance assessment of the crisscrossed DLBC coil is conducted by computational analysis with the finite-
difference time domain method (FDTD) and compared with SLBC coil in terms of the B; and the B,
distribution. As per the computational calculation studies, the mean value in the two-dimensional B;" map
obtained at the mid-axial slice with the proposed DLBC coil is slightly lower than that obtained with the SLBC
coil, but the B;" value of the DLBC coil in the outermost plane (40 mm away from the central plane) shows
improvements of 19.3% and 24.8% over the SLBC coil B;" value when simulating a spherical phantom and
realistic mouse body modeling. These simulation results indicate that, the B;" homogeneity along the z-direction
was improved by using DLBC configuration. Our approach enables B;* homogeneity improvement along the z-

direction, and it can also be applied to ultra-high field (UHF) MRI systems.
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1. Introduction

Ultra-high field (UHF) strengths (=7.0 T) and high
performance of radiofrequency (RF) coils are crucial to
small-animal magnetic resonance imaging (MRI) systems
to obtain high-resolution anatomical imaging [1, 2]. HF
MRI scanner have found use in a wide range of medical
applications from neuroimaging to oncological investi-
gations for the image quality they provide [3-5]. In this
backdrop, researchers have designed and developed various
geometries of the RF coil that provides the excitation
pulse for generating the transmitting (B;") field and highly
sensitive receiving fields (B;") for the MR signals emitted
from the imaged subject [6, 7].

The birdcage (BC) RF volume coil is commonly used
for volumetric anatomy. In order to achieve both higher
frequencies and a closer approximation to the ideal cosine
distribution, volume-coil-based BC designs have focused
on using a large number of legs [8]. The BC coil is
commonly used in the transmit/receive (Tx/Rx) and Tx-

©The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-32-460-9015
Fax: +82-2-3410-3628, e-mail: kn76.kim@hotmail.com

only configurations. In particular, the Tx-only BC coil
that consists of the phased array coil has long been
considered the clinical workhorse at field strengths of 1.5
T and 3.0 T [9-11]. However, in higher-frequency environ-
ments, the superimposed RF wave behavior at high Larmor
frequencies corresponding to small RF wavelengths yields
an inhomogeneous B," distribution along the main mag-
netic field (By) direction regardless of the utilization of
the BC coil [12, 13]. The B," in-homogeneity becomes
increasingly severe at high Larmor frequencies, and this
inhomogeneous B," field can adversely affect the flip
angle in tissues. Therefore, addressing the B, in-homo-
geneity forms an important aspect of BC coil design [14].
In this study, we propose a crisscrossed double-layer
BC (DLBC) coil, which consists of the standard single-
layer birdcage (SLBC) coil with an additional layer
wound in the form of a crisscrossed loop, to improve the
B," field homogeneity along the B, direction (i.e., the z-
direction) under a field of 7 T at 300 MHz. The DLBC
coil performance is compared with that of the standard
SLBC coil in terms of the B;" homogeneity. The numerical
calculations for the DLBC coil are performed by using
the finite-difference time domain method (FDTD) on a
spherical phantom and a realistic mouse body model.
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2. Material and Methods

Figure 1 shows the standard 8-leg SLBC and our DLBC
coil modeled via FDTD in order to compare their
performances in terms of the B;" field homogeneity. The
modeled SLBC coil (Fig. 1(a)) does not include any
additional layer. On the other hand, our DLBC coil design
uses crisscrossed looping of an additional layer (Fig.
1(b)). The width of the additional layer in the secondary
triangular coil (Ws) is 19 mm, and the points of inter-
section of the layer with the end-ring of the BC are 4 mm
away from the closest standard BC-coil-leg position. The
length of the secondary coil (Ls) along the vertical direc-
tion of the BC is 47 mm. Each BC coil has a diameter of
72 mm and length of 100 mm. The RF shield is assigned
as a perfect electric conductor (PEC) with modeling
dimensions of 110-mm diameter and 100-mm length, and
it is positioned in the outer region of the BC coil.

In the study, the loading conditions corresponding to the
spherical phantom and the realistic mouse body model
were numerically simulated at a field of 7 T and frequency
of 300 MHz. Two loading structures were positioned in
the inner region of each BC coil. The permittivity and
conductivity of the spherical phantom were set as g =59
and 0.5 S/m, respectively. These values are crucial to
understand the RF wave behavior arising from the inter-
actions between the coil and subject. With regards to the
mouse body model, 18 tissue types (e.g., blood, cartilage,
cerebellum, cerebrospinal fluid (CSF), dura, white matter
(WM), gray matter (GM), etc.) were simultaneously
simulated. The electrical tuning capacitance (Ct) was
replaced by a current source in the simulation, and it was
placed in the end-ring of the coil as per the BC configu-
ration. By different types of the filter, it can be categoriz-
ed into high-pass filter (HPF), low-pass (LPF), and band-
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pass filter (BPF). The generally used HPF BC coil was
chosen due to the high B1 field strength in the central
region of the coil. The calculated FDTD results were
reconstructed for a quantitative comparison of the B;"
distribution by using Matlab (Version 7.1, Mathworks
Inc., Matick, MA, USA). The normalization of the B,
map with the value of 2 pT was performed at the iso-
center of each BC coil [15].

3. Results and Discussion

Figure 2 shows the distributions of the B; field includ-
ing the B," component in the mid-sagittal (x—z) plane and
the signal intensity (SI) profiles for the SLBC and DLBC
coils. The SLBC coil exhibits a centrally focused B;
distribution, and its SI gradually decreases in the peripheral
regions due to the standing RF wave effect under high-
frequency operation. The observed difference in the B,
field distribution between the two BC coils is due to the
presence of the additional layer in the DLBC coil. The
DLBC coil with its additional layer supplements the weak
signal in the end-ring region along the z-direction of the
coil. The proposed coil configuration is similar to Litzcage
coil, which is inserting an insulated crossover at the
center of each rungs of SLBC coil [16]. For a more
detailed investigation, we compared the one-dimensional
SI curves of the SLBC and DLBC coils (along the line
P;-P, in Figs. 2i and 2ii) along the z-direction in the
spherical phantom. The SLBC SI profile exhibits a convex-
shaped curve. The difference between the maximum and
minimum B, field strengths is 11.5% (1.957/1.755). In
contrast, the DLBC SI profile exhibits increased B, field
homogeneity along the z-direction with respect to that
obtained with the SLBC coil. Consequently, the DLBC-
coil B, field variance is as small as 2.9% (1.983/1.926).

T Tuning Capacitor (Cy)
—-a Conducting Leg

Fig. 1. (Color online) (a) Standard single-layer birdcage (SLBC) and crisscrossed double-layer birdcage (DLBC) coil modeled
using finite-difference time domain (FDTD) calculations. The BC coils have a diameter of 72 mm and length of 100 mm. The
width of the secondary coil (Ws) is 19 mm, and the distance between the coil edge (where it meets the end-ring) and the leg is 4
mm on either side. The length of the secondary coil (Ls) is 47 mm.
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Fig. 2. (Color online) (i) B, field distributions in the mid-sag-
ittal (x—z) plane and (ii) signal intensity (SI) profiles along P;-
P, for (a) single-layer birdcage (SLBC) and (b) double-layer
birdcage (DLBC).

These results indicate that the DLBC coil provides superior
B; homogeneity than the SLBC coil.

Figure 3 shows the B," distribution in terms of the
contour and color map at the mid-axial slice (Fig. 3i,
corresponding to plane Sc in Fig. 2) and at distances of 20
mm (Fig. 3ii, corresponding to plane Sy, in Fig. 2) and 40
mm (Fig. 3iii, corresponding to plane Sp in Fig. 2) away
from the mid-axial slice. As regards the mid-axial-slice
B," field distribution, both BC coils exhibit similar field
distributions. The B;" in-homogeneity is observed for
both BC coils away from the central region. However,
DLBC-coil B;" field homogeneity is relatively higher
than that of the SLBC coil. The mean B,* values mapped
at three different slice positions (peripheral slice or Sp,
mid-slice or Sy;, and central slice S¢) for the phantom are
listed in Table 1a. The mean B," value at S¢ for the SLBC
coil is 7% (1.570/1.473) higher than that at the S¢
position for the DLBC coil; however, the mean B, values
in the case of the SLBC coil at Sy; and Sp decrease by
11.2% (1.737/1.562) and 19.3% (1.758/1.473), respectively,
in comparison with the corresponding B,* values in the

Design of Crisscrossed Double-Layer Birdcage Coil for Improving B,* Field Homogeneity--- — Jeung-Hoon Seo et al.

@

Fig. 3. (Color online) B," distributions of (a) single-layer bird-
cage (SLBC) and (b) double-layer birdcage (DLBC) coils in
terms of contour and color map at three positions: (i) mid-
transversal slice (plane Sc in Fig. 2) and (ii) 20 mm (plane Sy
in Fig. 2) and (iii) 40 mm (plane Sp in Fig. 2) from the mid-
transversal slice.

case of the DLBC. Although SLBC-coil B;" field intensity
is greater than that of the DLBC in the central region,
field homogeneity in the outer region decreases when
compared to that for the DLBC coil.

Figure 4 compares the B; field distributions of the
standard SLBC coil (Fig. 4(a)) and the proposed DLBC
coil (Fig. 4(b)) for the mouse body model. The original
mouse body model was reduced by 55% of its original
size. The proposed DLBC coil and the standard SLBC
coil exhibit similar color distributions, which similarity
indicates a homogeneously distributed B,* field in both
cases. However, the mean B;" values at the two peripheral-
slice positions (Sp; and Sp,) in the case of the DLBC coil
are close to the mean B, " value in the central region. The
mean-B,*-value differences between the central region
and the two peripheral regions are 1.5% (1.876/1.847)
and 1.9% (1.883/1.847) for the DLBC coil, as listed in
Table 1b. Thus, the results of our study indicate that the
standard SLBC coil exhibits a large B;" in-homogeneity
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Fig. 4. (Color online) B;* distributions of (a) single-layer bird-
cage (SLBC) coil and (b) double-layer birdcage (DLBC) coil
for realistic mouse body model.

Table 1. Mean B," values at three slice locations: three differ-
ent slices for single-layer birdcage (SLBC) and double-layer
birdcage (DLBC) coils for cases of spherical phantom and
mouse body model.

Slice Position SLBC DLBC

Sc 1.570 1.473

(a) Phantom Sm 1.562 1.737
Sp 1.473 1.758

Spi 1.503 1.876

(b) Mouse Sc 1.885 1.847
N 1.557 1.883

field distribution along the z-direction, and this in-homo-
geneity is largely mitigated with the use of our proposed
DLBC caoil.

4. Conclusion

The use of the standard BC coil in small-animal MRI
does not fully address the B," in-homogeneity problem.

-311-

Thus, we proposed a DLBC coil with a crisscrossed
additional layer, and we compared its performance with
that of the SLBC coil. The proposed DLBC coil provides
better B, field homogeneity along the z-direction, and
thus, it is highly suitable for providing a homogeneous
magnetic flux (B,) radiation across a large volume at 7 T.
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