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INTRODUCTION and OBJECTIVES:. The RF field excitation homogeneity problem of M&lhigh resonance frequencies is investigatedhenbasis of the
simplest two-dimensional setup including a cylingaantom with spatially constant but frequency-aeleat material parameters and an impressed surtacent
distribution between the phantom’s surface andreosnding perfect electric conductor (PEC) shidldis simple arrangement has been chosen intenijonabrder
to reduce the set of parameters to a minimum aeckfbre maximize the physical insight, which allogtste general and helpful statements about the [Bdttern

quality for the widely used first-order circulagplarized (CP) excitation mode. The coefficienvafiation (CoV) of the B1+ distribution is most &d as a figure of

merit for the homogeneity, since it normalizes stendard deviation to the mean value of the figlttgon.
Only two parameters of the arrangement in Fig. deHaeen varied — the excitation frequency rangiognf

30 MHz up to 450 MHz and the diameter of the phamtanging from a few centimeters up to 40 cm, whi
covers more or less every MR imaging scenario. Aratteristic B1+ pattern will be introduced, whig

indicates the transition between a regime withvik-known central brightening and another one with

MATERIALS and METHODS: The electromagnetic field problem was solved nucadlsi by the full-wave

finite element method (FEM) solver COMSOL Multipigss As mentioned before, only the phantom diame
and the RF excitation frequency were varied. Due|
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Fig. 2: Relative permittivity and conductivity for
the standardized body-tissue-simulating liquid

(BTSL) as a function of frequency [1].

the two-dimensionality of the problem (cf. Fig. dbpe

simulation took less than 10 seconds, allowing as
reduce the step width to 10mm and 5 MH
reasonably smooth tw
dimensional CoV contour plot, as given in Fig. BeT
mean value and standard deviation of the fieldepatt
were calculated inside the whole 2-D phantom via
For each frequency

respectively, yielding a

built-in  MATLAB routines.

domain FEM simulation, the phantom’'s materi
parameters were set as specified in the correspgn
standard for the body-tissue-simulating liquid (BJS

[1]. A corresponding plot is given in Fig. 2. Duethe
rotational

excitation magnitude g -|) as shown in Fig. 1, the

symmetry of the geometry and fie
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Fig. 1. Ideal 2-D setup including the cylinder
Alphantom  w/  frequency-dependent  matefial
diparameters and varying diameter, the active sheet
with impressed surface current, (F 1 A/m)
distribution 5 cm away from the phantom’s surfage,
dand the PEC shield with a further 5 cm separation|

B1+ magnitude depends only on the radius coordpateus a 1-D plot is sufficient (cf. Fig. 4).

RESUL TS and DISCUSSION: The main result of this contribution has been casdd in the contour plot given in Fig. 3. The Gaf\the B1+ magnitude inside the
phantom is depicted by a discrete set of constalt €dntour lines for different MR frequencies (xs9xand different diameters (y-axis). The CoV valadong these
lines range from 1 % up to 50 %. Quite often a QIO % is considered to be sufficient for most M#piplications [2]. For proton imaging at 3 Teslacls a
relatively low CoV is only ensured up to a diamei&200 mm (cf. red dot in Fig. 3). Thus, in theseaf whole-body imaging, the simple birdcage-bdsstiorder
CP mode is no longer sufficient if a CoV of lesarttor equal to 10 % is required. For ultra-highdfisystems (B> 7 T) such a 10-%-CoV is possible only for
extremely small, and therefore non-practical, ppantliameters (cf. Fig. 3). For this inhomogeneadtumson, an alternative upper limit for the usaxfehe simple
birdcage mode is proposed. The corresponding Biterpas shown in Fig. 4 (lower case), where tlie Bhagnitude at the center of the phantom is emguidle mean
value inside the whole phantom. This pattern wightypical characteristic can also be defined aslithiting distribution where the constructive irfezence at the
center (also known as central brightening) is va@ing The B1+ patterns of Fig. 4, which are norneal to the square root of the accepted power, stieova reduced

mean value of the “center-equals-mean” pattern emetpto the 10-%-CoV distribution. Consequentlyrenmower is necessary for the case of a largertphran
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Fig. 3: Contour plot of the coefficient of variation (Codf the B1+ magnitude
inside the phantom as a function of frequency (8)aand phantom diameter (
axis) — with a border line between regimes w/ a/m @entral brightening.

Fig. 4: B1+ distributions and corresponding mean valueleat 128 MHz
for two phantom diameters, representing charatiepsatterns: the 10-%
“CoV distribution (top) and the “center-equals-megittern (bottom),
which marks the end of central brightening.
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