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ABSTRACT

The spatial distribution of electromagnetic fields in the human body can be adjusted by using high dielectric
materials. This method has a complementary compared to other methods. However, it can be used as a powerful
dielectric shimming tool in certain applications. It can be manufactured in a geometrically free shape and a pad
manufactured according to the purpose can be applied without any change of the system. Especially in ultrahigh
magnetic field (UHF) MRI, the clinical high dielectric pad used to increase the intensity of the transmit (B1+)
and receive (B1-) fields, which has low sensitivity due to the high operating frequency, has great potential. In
addition, there are few studies applied to UHF MRI. Therefore, in this study, a high dielectric material pad made
of calcium titanate suspension was developed in the laboratory. And the signal increase of clinically useful images
was confirmed in various protocols of UHF 7T MRI.
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Table 1. Permittivity and loss tangent values of a
suspension mixed with water at 40% volume fraction

N Water Calcium titanate 40%

(MHz) e" tan(6) e e" tan(6)

50 78.955  0.150 0.002  107.854 23.826 0.221

60 78.868  0.132 0.002  107.398 19.835 0.185

70 78.783  0.126 0.002  106.959 16.991 0.159

80 78.704  0.125 0.002  106.552 14.864 0.139

90 78.634  0.137 0.002  106.190 13.215 0.124

100 78.578  0.154 0.002  105.883 11.904 0.112

110 78.536  0.179 0.002  105.638 10.840 0.103

120 78.506  0.210 0.003  105.458  9.963 0.094

130 78.493  0.247 0.003  105.340 9.231 0.088

140 78.494  0.290 0.004  105.283  8.613 0.082

150 78.507  0.334 0.004  105.272  8.084 0.077

160 78.531  0.378 0.005  105.299  7.627 0.072

170 78.561  0.423 0.005 105341  7.233 0.069

180 78.599  0.467 0.006  105.384  6.891 0.065

190 78.639  0.510 0.006  105.409  6.592 0.063

200 78.677  0.553 0.007  105.417  6.329 0.060

210 78.716  0.596 0.008  105.416  6.094 0.058

220 78.755  0.640 0.008  105.414  5.880 0.056

230 78.790  0.683 0.009  105.415 5.683 0.054

240 78.821  0.727 0.009  105.415 5.501 0.052

250 78.850  0.771 0.010 105413  5.332 0.051

260 78.875  0.815 0.010  105.406 5.174 0.049

270 78.898  0.858 0.011 105.399  5.028 0.048

280 78.916  0.900 0.011 105.391  4.890 0.046

290 78.932  0.942 0.012  105.387 4.762 0.045

300 78.949  0.982 0.012  105.380 4.642 0.044
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Fig. 1. (a) The relative permittivity, which is the real part of the complex dielectric constant, of a suspension prepared
by mixing calcium titanate and deionized water in the measurement frequency domain. (b) Shows the imaginary part
representing the dielectric loss of the complex dielectric constant. (c) the value of the loss tangent
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Fig. 2. The line shows a graph of the permittivity for
each volume fraction of and using Lichtenecker's
logarithmic power law. The blue points are the data
points where the dielectric constant of the 40%
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Fig. 3. (V/V) Image taken on a Philips Achieva 7.0T TX with a 40%, suspension high permittivity pad placed on the
right side of the head. (a) shows a T1-weighted image. In the left and right ROIs, an increase in tissue contrast is
clearly seen rather than an increase in SNR. (b) shows a T2-weighted image. SNR increased in the left ROI. (¢)
shows a FLAIR image. In the region where the magnetic resonance signal is greatly increased, the signal increase rate

is 100% or more.

V. CONCLUSION
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