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( Comparison and Optimization of Parallel-Transmission RF Coil
Elements for 3.0 T Body MRI)
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Abstract

In high field & 3 T) MR imaging, the magnetic field inhomogeneity in the target ohject increases due to the
nonuniform electro-magnetic characteristics of the relatively high RF frequency. Especially in the body imaging, the effect
causes more serious problems resulting in locally high SAR(Specific Absorption Ratio). In this paper, we propose an
optimized parallel-transmission RF coil and show the utility of the coil by FDTD simulations to overcome the unwanted
effects. Three types of TX coil elements are tested to maximize the efficiency and their driving patterns(amplitude and
phase) optimized to have adequate field homogeneity, proper SAR level, and sufficient field strength. For the proposed coil
element of 25 cm x 8 cm loop structure with 12 channels for a 3.0 T body coil, the field non-uniformity of more than 70
% without optimization was reduced to about 26 % after the optimization of driving patterns. The experimental as well as
simulation results show that the proposed parallel driving scheme is clinically useful for (ultra} high field MRL
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042 7{X| Parallel TX 2ol 7=

Various structures of the parallel-TX RF coil.

(@) Overlapped small loops

(b) Long strip fines (each strip line is connected
to the shield layer which works as a return
current path)

{c} Short strip lines

{d) Overlaped (muitiple) volume coils
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Fig. 2. Coil structures used in this study.
(a) Strip line (3 em x 58 cm)
(b) Vertical loop (3 cm x 58 cm)
(c) Loop (8 cm x 58 cm)
(d Loop (8 cm x 25 cm)
(e) Loop (20 cm x 25 cm)
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Fig. 3. The field mtensities of each coil elements.
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Fig. 4. Field patterns from (a) the stip line elements

and (o) the loop elements.
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Fig. 5. Polar plot of (a) the relative amplitudes and (b)
phases(unit: radian) for driving voltages.
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b) Field map with the optimization 1
{c} Field map with the optimization 2
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Table 1. Comparison of the maximum field strength, the
minimum field strength, and the homogeneity.
Optimization1 : optimization of the amplitudes of
the driving voltages

Optimization2 : optimization of the phases as
well as the amplitudes of the driving voltages

E

Max H M H Homzigledneity
{(Am) (Am) (%)
No Optimization |  1.09 0.17 073
Optimization 1 0.59 023 0.44
Optimization 2 0.33 023 0.27

Zxslel ATz P SAR Ul BE

(a) HEHEE st 2US Tie] SAR 22 (H
2k 265 x 107 Wikg), (b) optimization 10l 2|t
SARS| Bz (2§t 143 x 10 Wkg), ©
optimization 20l 2|8t SARS| EZ(Z|CHgk 4.20
x 10° Wikg)

Fig. 7. Relative SAR for the three cases

{a) no-optimization (The maximum valug: 2.65
10 Wikg), (b) by optimization 1(The maximum
value: 1.43 x 107 Wkg), and (c) by optimization
2 (The maximum value: 420 x 10 Wkg)
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