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PARALLEL TRANSMIT @ 7T
• Radiofrequency EM field simulations

• 16-channel 7T transceiver array coil w/ Resonant Inductive Decoupling
• Primary motivation: E-field dosimetry safety analysis

Avdievich, Pan, Hetherington, NMR Biomed 2013.

RID



MODEL SETUP
• CAD models imported into Sim4Life

• 16 segmented coil elements, 
208 total segments

• 2-piece shield
• Virtual Population models

• 2 mm maximum grid step
• Tissue to coil distance > 10 mm 
• Free space padding: 38 cm
• Excitation: modulated Gaussian 

• center 300 MHz, bandwidth 100 MHz
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BENCH VALIDATION OF DECOUPLING
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CO-SIMULATION

𝒁୘ୈ =  
𝑗𝜔𝐿ଵ + 𝑅ଵ 𝑗𝜔𝑘ଵ𝐿ଵ

𝑗𝜔𝑘ଵ𝐿ଵ 𝑗𝜔𝐿ଵ + 𝑅ଵ

𝑺୘ୈ =  (𝒁୘ୈ − 50 𝑰)(𝒁୘ୈ + 50 𝑰)ିଵ

TD
(transformer decoupling)

RID
(resonant inductive decoupling)
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CIRCUIT DOMAIN VS. SPATIAL DOMAIN

Forward voltage: 𝑎୧୬ = 𝑉௞𝑒௝(థೖ)

Maximum forward voltage: 65.5 V

Coil S-parameters: 𝑺 =  
𝐛೚ೠ೟
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COST FUNCTION

The minimum is given by the constrained optimization:

௫

subject to

௡ ୪୭୵ୣ୰ ௡ ௡ ୳୮୮ୣ୰

Cost function considering B1 inhomogeneity :

𝑓 𝒙 = |diag 𝑆 𝒙 | − 𝑆௜௜ + 𝑊ଵ |𝑆௥ 𝒙 | − 𝑆௜௝ +𝑊ଶ
ୗୈ(஻భ 𝒙 )

୫ୣୟ୬(஻భ 𝒙 )
 − 𝑡𝑎𝑟𝑔𝑒𝑡

Cost function without considering B1 inhomogeneity:

𝑓 𝒙 = |diag 𝑆 𝒙 | − 𝑆௜௜ + |𝑆௥ 𝒙 | − 𝑆௜௝

ROI



OPTIMIZE COIL PARAMETERS

x1 x2
x296

Optimized coil parameters over 4 human models



CO-SIMULATION WITH RID
Adjust the lumped caps Tune the RID caps until decoupled

• The capacitor values of the coil affect tuning to the resonance frequency
• The capacitor values of matching circuit affect matching S11
• The capacitor values of RID affect decoupling S12



WORST-CASE SAR MAPS
VOP locations superimposed on 10-g averaged SAR maps from the spectroscopy excitation mode. 

0 dB=10.57 W/kg

𝐔ு𝐐𝐔 ≤ 𝐐 ଶ𝐔ு𝐔

≜ worst-case SAR 
Qcore

Compression 
factor 

Number of 
VOPs

Number of Q 
matrices

715272194,376ԑ = 10%



2000 RANDOM RF EXCITATIONS
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IN SILICO VS. IN VIVO
in silico in vivo
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IN SILICO VS. IN VIVO
A, The magnitude profiles of 
eight channels on one axial slice 
of the Louis model (first and 
second rows) and in vivo 
experiment (third and fourth 
rows). 

B, phase profiles relative to the 
first channel. 

C, the absolute magnitude and,
D, phase difference between the 
Louis model and in vivo.

In both simulation and 
experiment, each coil element 
fed with peak 65.5 V forward 
voltage.



IN SILICO VS. IN VIVO
RF efficiency
(Hz/ 𝐖)

Peak Forward 
Power (W)

𝑩𝟏
ା

Std/Mean %
𝑩𝟏

ା Std
(Hz)

𝑩𝟏
ା Mean

(Hz)

A: With 𝑩𝟏
ା inhomogeneity in cost function

11.121920.8414.269.2487.5Hanako (3.14 L)

11.141922.7913.666.6488.3Ella (3.20 L)

10.771936.0013.664.2473.8Duke (3.75 L)

11.631781.2813.164.2490.9Louis (3.28 L)

11.160.351890.272.913.60.466.02.4485.17.7Mean simulated

11.39172310410.51.549.377.34472.74.3in vivo (n = 8)

B: Excluding 𝑩𝟏
ା inhomogeneity in cost function

11.501705.619.894.0475.1Hanako

11.261782.817.080.7475.5Ella

11.071824.417.281.5472.9Duke

11.651716.416.178.0482.7Louis

11.360.261757.356.317.51.683.67.1476.64.3Mean simulated

C: Optimizing the user-tunable 32 tuning and matching capacitors on the “fixed” transceiver T0

11.341846.1115.173.3487.2Hanako 

11.061931.013.465.3486.2Ella

11.081915.713.866.9484.9Duke

11.741748.213.164.3490.9Louis 

11.310.321860.383.313.90.967.44.0487.32.6Mean simulated



DISCUSSION

• B1 agreement is a convenient figure of merit for the accuracy of the 
EM simulation, since B1 is empirically measurable 

• The optimization must consider the capacitor, inductor, and 
coupling coefficient values of:

• Coil segmentation capacitors
• Coil matching circuits
• Decoupling circuits (inductive and resonant)
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