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Summary
Magnetic resonance imaging (MRI) installations incorporate expensive electromagnetic interference
(EMI) shielding enclosures, Faraday cages, that protect over a wide frequency range. These cages are
susceptible to leaking radiation, especially at frequencies where the MRI units are vulnerable to
interference. Mitigating these leaks can be difficult with traditional materials. A new approach,
which uses a narrow-band shield centered around the operating frequency of the MRI, could reduce
the cost of these enclosures and improve the performance of the MRI units.
Integument Technologies, Inc. (ITI) has partnered with the Johns Hopkins University Applied Physics
Laboratory (JHU/APL) to create metamaterials to act similar to a band-stop filter. These
metamaterials can be added to complement traditional shielding enclosure materials, and
customized to mitigate the most detrimental EMI at the Larmor frequency of the customer’s MRI
instrument. The resulting system will provide highly effective, lightweight, and easily fieldable
electromagnetic isolation to improve the signal-to-noise ratio of fielded systems. The proposed work
will use the expertise of JHU/APL with metamaterials and materials systems, and the fabrication
expertise of ITI.

Background – Magnetic Resonance Imaging and the Need for Shielding
Medical MRI develops images by measuring the spatially emitted energy of protons relaxing into
alignment with the primary magnetic field of the MRI. These EM signals occur at the precession
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(Larmor) frequency for the protons in the applied magnetic field. The Larmor frequency is calculated
using Larmor’s equation:
𝑓

𝛾𝐵

Larmor Equation

where 𝑓 is the precession frequency in MHz, γ is the gyromagnetic ratio (for proton MRI, γ = 42.58
MHz/T), and 𝐵 is the strength of the externally applied magnetic field in Tesla.
All of the information used to develop an MRI image is contained in emissions at the Larmor
frequency. Spurious signals at the Larmor frequency that reach the instrument introduce noise. To
mitigate this interference and improve the signal-to-noise ratio, EM shielding is mandatory for all
MRI installations. Shielding also prevents interference to other medical devices from the MRI
instrument.
The goal of metamaterial shielding is to improve the efficacy of the MRI instrument by reflecting and
absorbing environmental EM noise at or near the Larmor frequency specific to the protected MRI
instrument.
The general concept involves the addition of a layer of EM absorbing metamaterials on the walls of
the room or space where imaging is to occur. This addition of an absorptive layer with a Faraday
cage backing will prevent both unwanted signals from entering the room and a significant reduction
to the ambient EM noise within the room via absorption. The possibility of advantages of increased
signal-to-noise ratio presents many options for improved MRI usage:





Higher quality images.
Reduced scan times required to produce the same image quality.
Enable high quality open MRI scans for claustrophobic patients by reducing environmental
interference with open MRI equipment - which cannot be fully encased in a Faraday cage.
Permitting the use of other medical equipment in the MRI room, such as life support equipment,
without interference.

Technical Challenge – Electromagnetic Interference
Unwanted electromagnetic energy that interferes with signals and equipment operation is referred
to as electromagnetic interference. While there are naturally occurring sources of EMI, much of it
comes from human activity, especially radio communications. Known sources of EMI for various MRI
magnetic field strengths and associated Larmor frequencies are shown in the table below.
Radio communications generate EMI across the frequencies used by MRI equipment.
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Electromagnetic energy incident on a structure is transmitted, reflected, or absorbed. The sum of
these three effects always equals the total EM energy reaching the surface:

Etotal

Etransmitted

Ereflected

Eabsorbed

EM shielding of structures, including MRI installations, is commonly used to prevent both EM energy
ingress and egress. Most shielding schemes attempt to minimize transmission by reflecting all EM
energy. The shield is constructed as a reflective enclosure made of highly conductive metal,
continuous around all six walls of the structure, and called a Faraday cage. Discontinuities or defects
in the shield occur either by design, e.g., seams, conduits, windows; or by fault, e.g., holes and cracks.
Such discontinuities enable the transmission of EM energy beyond the shielding interface, which
leads to a noise source for electronics within the interior of the structure.
Shielding systems for MRI installations should mitigate the transmission of EM energy at the
operating Larmor frequencies to a degree such that it is below the disruption levels to MRI
equipment. The solution is to develop a technology for the Faraday cage that provides effective
shielding that mitigates the defects, i.e., plug the leaks. However, integral components such as doors,
windows, and conduits cannot be simply patched over.
Additionally, if EM energy is transmitted into the Faraday cage structure, it is possible to minimize
this interference with appropriate absorbers within the structure. Unfortunately, the large magnetic
fields required for operation of the MRI equipment prohibit the use of common EM absorbers such
as magnetic radar absorbing material (MagRAM).

Technical Approach ‐ Metamaterials
Metamaterials have found their way into commercialized products, including as antennas in wireless
technology like cell phones. ITI and APL recently completed a proof-of concept project incorporating
metamaterials for EMI shielding of walk-in enclosures across a broad EM band (funded by Air Force
SBIR contract FA8222-16-C-0005). However, by their nature metamaterials are best suited for
narrow-band applications. The commercialized antenna applications are at relatively high
frequencies, in the GHz bands. EMI shielding of MRI installations occurs primarily in the MHz bands,
and represents a new application for metamaterials. While some metamaterial structures appear
simple, their precise design requires computer aided design and simulation software in order to
match their properties with the specific applications.
Metamaterials are constructed from repeating cells across a surface. The individual cells are
resonant structures with their physical size significantly smaller than the wavelength at which they
are resonant (~1/10 of the wavelength). A common metamaterial structure is shown below. In this
example, a frequency selective surface (FSS) is made up of a periodic array of conductive pads that
are electrically connected to a ground plane by vias that pass through a dielectric spacer. Properly
designed, the full array of cells act as an effective media, i.e., “metamaterial,” which interacts strongly
with EM energy at the design frequency. By incorporating a loss component, energy at the design
frequency is strongly absorbed and the energy is converted to very small amounts of heat.
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Metamaterial structure showing repeated unit cells.

Metamaterials typically have a metallic, electrically conducting ground plane. The Faraday cage,
which acts as the primary and reflective EM shield, can also act as the metamaterial’s ground plane.
The addition of the metamaterials is meant as a complement, to increase the shielding effectiveness
at frequencies of importance, i.e., about the Larmor frequency of MRI magnets.
The frequency of maximum absorption, or center frequency, for a metamaterial design can be
manipulated by controlling the values of multiple design parameters. Geometric values such as the
pad size, shape, spacing, periodicity; the dielectric thickness, as well as the dielectric properties
govern the array’s overall effective EM properties. With modifications to the values of these
parameters, the central absorption frequency may be maneuvered throughout a wide range, without
seriously affecting the bandwidth of frequencies absorbed. Moreover, MRI machines only operate
within a narrow bandwidth of frequencies surrounding the Larmor frequency required for the
particular magnetic field in use, which plays exactly to the strengths of a metamaterial absorber. Note
that each parameter brings engineering trades for optimization of the metamaterial for not just
absorption, but for cost, weight, construction, maintenance, etc.
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Concept Exploration
Metamaterials constitute an excellent solution to noise absorption in MRI applications due to their
ability for extraordinary absorption of a narrow band of frequencies. The center frequency of this
absorption band can be accurately controlled through variations in the precise material dimensions
of the metamaterial. The figure below shows a simulation result of metamaterial designs for peak
absorption through the range of frequencies for magnets from 3.1 to 3.6 Tesla.

Simulations show the ability to control the center frequency of absorption across a range of
relevant Larmor frequencies. MRI solutions have been designed for frequencies below 100
MHz to well over 300 MHz.

We undertook an initial investigation to demonstrate control of the center frequency through
variation of the metamaterial parameters. By using CST Studio Suite - Microwave Studio, an
electromagnetic full wave simulation software package, we repeatedly simulated the metamaterial
design. The physical parameters of the metamaterials where varied in order to tune the central
frequency of absorption throughout the Larmor frequency range for commonly fielded magnets.

Partnering
Integument Technologies and the Johns Hopkins University Applied Physics Laboratory are actively
seeking organizations to partner in developing metamaterials to enhance the electromagnetic
shielding of MRI installations to improve their performance. For more information, contact:
Andrew Hope
EVP/CEO
Integument Technologies, Inc.
Joseph Miragliotta
Principal Investigator
The Johns Hopkins University Applied Physics Laboratory

716.873.1199
ahope@integument.com
www.integument.com
443.778.6224
Joseph.Miragliotta@jhuapl.edu
www.jhuapl.edu
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