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Target Audience: Audiences who are interested in ultra-high field MRI RF coil optimization. 
Purpose:  To optimize 3D eigenmode of a 20-channel Tic-Tac-Toe based RF transmit array and realize 3D MPRAGE and SWI sequence requirements for a 
whole brain imaging (including cerebellum). 
Introduction: Ideally, the “quadrature” mode will give the most efficient B1

+ field [1].  The image uniformity of a spherical 
phantom was improved by linearly combine the magnetization magnitudes with appropriate weighting factors for 8 harmonics 
modes [2]. In this work, calculated eigenmodes of a 20-channel array coil (Tic-Tac-Toe based [3] shown in Figure 1) were used 
to optimize B1

+ field distribution in terms of Uniformity as well as intensity. An exhaustive search was used to go through all 
possible eigenmodes combinations. Field uniformity, field efficiency and SAR are used to evaluate the optimized case. 
Methods: The 20 coil elements are combined into 5 different groups/levels based on longitudinal (Z direction) spatial selectivity. 
FDTD method was used to simulate the field distribution and eigenmods were calculated using the simulated fields. There are 4 
distinct modes can be excited (including quadrature, opposite-phase, anti-quadrature and zero-phase modes) for each 
level; therefore 20 distinct modes can be utilized for different excitation purpose. Optimization: 
Nonlinear optimization function used for in-house 
optimization software finds a minimum of the test 
function with variables starting at an initial estimate of 
the weighting scalar.  Each time, 5 independent 
eigenmodes calculated from the simulated B1

+ fields are 
used as the input of the optimization test function. An 
exhaustive search was used. The amplitude and phase of 
each excited eigenmodes are modified by the weighting 
scalar. The uniformity of the fields that are calculated by 
superposition principle is the output of the optimization 
test function.  The homogeneity is evaluated by two 

criteria 	 CoV 	and	 max min⁄ 		 . 

Experiments: B1
+ maps were acquired using Saturated 

Turbo FLASH method. 3D MPRAGE (10 minutes, 0.7mm 
isotropic) and 2D SWI images (9 min with GRAPPA 2 
0.2mm by 0.2mm by 1.5 mm) were also acquired. All 
experiments were done using 7T Magnetom MRI scanner 
(Erlangen, Germany) equipped with 8 channel (PTX 2.2).  
Results and Discussion:  Fig.2 shows CoV and max/min 
are consistent with each other (a). Better uniformity 
normally means less global SAR/absorbed power in 
general (c).  Better field uniformity (low CoV) not always 
leads low field intensity (b). For most small global SAR, 
peak local SAR is also less than others. The good uniformity, 
high field intensity and low SAR case was selected.  8 channel 
TEM coil was compared with TTT coil in Fig3. They have similar 
SAR values 0.85(TTT)/1.0(TEM) W/kg per fixed excitation over 
the whole brain and cerebellum, but uniformity is different COV 
18% (TTT)/27% (TEM). High quality MPRAGE and SWI images 
therefore were acquired shown in Fig. 4. They are currently 
consistently applied for late-life diseases studies.  
Conclusion: Multi-level/row coil with eigenmode optimization 
methods could facility field’s uniformity in the entire brain including 
the cerebellum region. High quality MPRAGE and SWI images 
could be acquired. References: [1].Ibrahim,T.S., et al. MRM, 2005. 
[2].Taracila,V.,et al., Concepts in Magnetic Resonance,2006.[3] Zhao Y., 
el., MRM 2014. In Press (10.1002/mrm.25424). 
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