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Electromagnetic Simulation Cuts Time To Develop  

New MRI Coil By Two-Thirds 

 
By Remcom, Inc. 

 

 
The University of Pennsylvania recently asked MR Medical Solutions, a producer of 

magnetic resonance imaging (MRI) coils, to develop a coil for a their 7.0T scanner 

designed specially for imaging the human head. The new 7-Tesla MRI machine is being 

used by researchers to develop new methods of diagnosing and treating diseases. The 

university asked MR Medical Solutions to meet very challenging requirements for the 

performance, uniformity and safety of the coil. In the past, MR Medical Solutions 

engineers would have had to spend six months building and testing each of at least four 

different prototypes to find a design that would meet these tough design requirements. 

Instead, the company’s engineers used electromagnetic simulation software to evaluate 

the performance of many more designs to optimize the coil prior to building the first 

prototype. “Electromagnetic simulation with XFdtd
®

, a 3D electromagnetic solver 

provided by Remcom Inc., helps us design better MRI coils and has reduced the typical 

development time from 27 to nine months,” said Fahad Alradady and Wiiliam Monski, 

President of MR Medical Solutions in Pittsburgh, Pennsylvania. 

 

Higher static magnetic fields are being used in MRI machines in order to increase the 

resolution of resulting images. Earlier generations of MRI machines primarily detected 

variations in the concentration and physical characteristics of hydrogen in the body. The 

latest 7-Telsla machines permit the detection of many more elements such as carbon, 

sodium and phosphorus, providing the potential to provide earlier diagnosis and treatment 

of a wide range of diseases. Researchers at the University Of Pennsylvania School Of 

Medicine have pioneered the use of 7-Telsa MRI machines as diagnostic tools. For 

example, they successfully detected mild cognitive impairment (MCI) using new MRI 

techniques to analyze tissue composition and structure in the brain. Using this technique, 

researchers were able to detect, with 100% accuracy, those patients in the study with 

cognitive impairment from those with normal cognitive function. The study also 

predicted, with 90% accuracy, those patients with increasing onset of MCI. Results of the 

research were published in a recent issue of Neurobiology of Aging. 
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MRI Coil Design Challenge 

 

For their latest MRI machine, University of Pennsylvania researchers asked MR Medical 

Solutions to develop a double tuned coil with 16 elements (78.62 MHz to detect sodium 

and 297 MHz for hydrogen). In Figure 1, a 12 element coil similar to that developed by 

MR Medical Solutions is shown surrounding a human male head model. The elements 

can be independently moved into and out of position so that both sodium and hydrogen 

can be imaged while the patient remains stationary inside the machine. The performance 

of the coil is measured by its signal-to-noise ratio (SNR) which largely determines the 

resolution of the images the machine can produce. Uniformity refers to the rate at which 

the strength of the magnetic field declines moving away from the surface of the coil. In 

most cases, reduction in the magnetic field is measured over a 10 centimeter scale. 

Finally, the safety of the coil is measured in terms of specific absorption rate (SAR), the 

variable typically used to quantify the effects on tissue exposure to RF signals. SAR is 

defined as the time derivative of the incremental energy absorbed by an incremental mass 

contained in a volume of given density. 

 

 
 

Figure 1 

 

In the past, engineers would have built prototypes of different shape and design concepts, 

tuning the coils with appropriately placed capacitors. Extensive tests would have been 

required to determine the performance, uniformity and safety of the coil. “In my 

estimation, we would have had to build and test at least four prototypes to meet the 

demanding specifications of this project,” Alradady said. “It takes about six months to 

design a coil and build and test a prototype so it would have taken about 27 months to 

design, build and test all concepts under evaluation. For the last several years I have been 

using electromagnetic simulation to evaluate the performance, uniformity and safety of 

proposed coil designs at a small fraction of the cost and time required by the build and 

test method. Simulation also provides diagnostic information far beyond what can be 
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obtained with physical testing, such as the magnitude and orientation of the magnetic 

fields at any point in the solution domain. Remcom’s XFdtd is my simulation tool of 

choice because it has a very friendly user interface and a boundary condition that stops 

propagation of electromagnetic fields without any reflection back into the solution 

domain. In addition, the Finite Difference Time Domain (FDTD) algorithm used by 

XFdtd is the most widely accepted method of measuring SAR.” 

 

 

Evaluating Design Alternatives With Electromagnetic Simulation 

 

Alradady was given the freedom by his customer to consider a wide range of designs in 

order to meet their demanding performance requirements. He started with a single coil 

element, similar to the one shown in Figure 2. Due to the proprietary nature of the work, 

a smaller leg coil element is shown that operates at 64 MHz. This coil will be used for the 

tuning exercise discussed in this article. Alradady placed a single cut in the coil and put a 

parallel combination of a voltage source and a capacitor in the gap as shown in Figure 3. 

He then simulated the coil in XFdtd with a broadband input of a Gaussian pulse to find 

the series resonance of the base coil. He plotted the return loss for the coil on a Smith 

chart to find the resonant frequency and located the point where the return loss is purely 

real. This is illustrated in Figure 4. He computed the capacitance needed to resonate the 

coil at the desired frequency by computing the reactance of the coil due to the capacitor, 

the inductance of the coil loop and the reactance at the desired frequency for the coil 

inductance. To resonate the coil, the capacitive reactance must equal the negative of the 

inductive reactance. Alradady distributed this capacitance value around the coil based on 

the wavelength of the signal. 

 

 

 
 

Figure 2 
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Figure 3 

 

 
 

Figure 4 

 

Alradady followed the same procedure for the other elements of the coil, creating a 

structure such as that shown in Figure 5 with all coil elements present with matching 

capacitors added. He added a tank circuit at the feed point capacitor by adding an 

appropriate inductor to create high impedance (at each side of the feed point) at the 

desired resonant frequency of the antenna to simulate the effect of preamplifier 

decoupling. An example tank circuit is shown in Figure 6 where the settings for the 

inductor component are displayed. Then he simulated the full coil at the design frequency 

to determine the SNR, uniformity, and SAR. Alradady observed the magnetic field and 

magnetic flux density distributions across the center of the coil. A properly designed coil 
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should provide a homogenous field across the coil and have nulls in the field centered 

between the coil overlaps. As an example, the 4 element coil tuned here is shown in 

Figure 7. He also minimized the coupling between adjacent coil elements by adjusting 

the spacing between the elements to make the field more homogenous. After the coil was 

properly tuned he simulated the loaded coil in use on a human head. In many cases, the 

coil required further tuning under loaded conditions, usually involving optimizing the 

return loss.  

 

 
 

Figure 5 

 

 

 
 

Figure 6 
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Figure 7 

 

Once each concept design was properly tuned, Alradady processed the simulation results 

to determine SNR. He exported the near field results to a Matlab routine he developed 

that calculates the SNR by determining the impact of the magnetic field on protons in 

each cell of the model representing the human head. The magnetic field causes the 

protons to spin at a certain resonant frequency that depends on the strength of the 

magnetic field. An RF pulse is applied at the resonant frequency. Its energy forces the 

hydrogen protons to spin at the resonant frequency of the host scanner. When the pulse 

ends, the proton retains the absorbed RF energy at the resonant frequency, producing the 

MRI signals. The Matlab routine estimates the signal generated by each element in the 

head model to determine the SNR based on the strength of the magnetic field and RF 

pulse in each element. 

 

 

Iterating To An Optimized Design 

 

The uniformity of the field can be directly determined from the electromagnetic 

simulation results by observing the reduction in the field from the surface of the coil over 

a distance of 10 cm. Remcom’s XFdtd Bio-Pro module was used to compute the SAR 

generated by the coil in the head model. Alradady also used the model to determine the 

RF fields in the area of certain key components in the MRI coils such as capacitors and 

field traps to check for overheating. Simulation made it possible for Alradady to evaluate 

a wide range of design concepts. He modeled two-element phased arrays with 8, 12, 16, 

32, and 64 channels. Alradady determined that a cylindrical design that used 12 channels 

in each element provided the best SNR while meeting uniformity and safety 

requirements. 
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“Simulation made it possible to evaluate a wide range of design concepts, thus enabling 

us to provide substantially higher performance than would have been possible if we had 

used the build and test method,” Alradady said. “Simulation also substantially reduced 

the cost and lead time involved in designing the coil. We are very excited to have played 

a role in contributing to the outstanding research performed at the University of 

Pennsylvania in diagnosing and treating MCI and other disease.” 
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