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High filling factor
High B1 strength
High B1 homogeneity
Low E-field in sample (heating, SNR)

Desirable properties of transmit/detection device



Dielectric materials and dielectric inserts



Basic properties
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Displacement current (produces secondary magnetic field)
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Conduction current (represents loss)

JC=sE



cylindrical TE011 mode cavity

Dielectric inserts in optimized EPR metallic cavities



Dielectric inserts for high resolution NMR

IFR – integrated field ratio



B-field
without insert

E-field
without insert

E-field
with insertB-field

with insert

Dielectric inserts for high resolution NMR
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Dielectric inserts for high resolution NMR
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Steering and focussing magnetic fields

High permittivity materials



Image non-uniformities at high field
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Effects of finite RF wavelength in tissue
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RF inhomogeneity
constructive/destructive interference
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l~12 cm



Displacement and conduction currents
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Displacement currents in the dielectric material 
produce a secondary local RF field which 
coherently increases the total B1+

Conduction currents in the dielectric material act 
as lossy eddy currents and reduce the total B1+
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Dielectric pads in imaging



High-permittivity thin  dielectric pads improve imaging of femoral arteries at 3 T
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Lindley MD, Kim D, Morrell G, Heilbrun ME, Storey P, Hanrahan CJ, Lee VS Invest Radiol. 2015 Feb;50(2):101-7.



Dielectric resonators



Modes of a dielectric resonator



MR microscopy at 17.2 T



HEM11d mode quadrature volume coil
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Artificial dielectrics



Artificial dielectrics



Artificial dielectrics



Artificial dielectrics



Artificial dielectrics

HEM resonator

artificial dielectric



Metamaterials and metasurfaces



Where it all began



Split ring resonators (SRRs)



Direct relevance to magnetic resonance



Dangers of translation!

MRI is not diffraction/wavelength limited, 
otherwise spatial resolution would be metres!

Every RF coil used in NMR or MRI has 
feature sizes less than a wavelength.



Applications to MRI



Split ring resonators (SRRs)



Babinet’s principle

FIG. 1. Color online Schematic view of a the fabricated gold
SRRs and b their complementary structure. Both structures have a
height of 15 nm and are deposited on a 2-mm-thick Infrasil glass
substrate.



Electron spin resonance

Dopants and defects in single crystal
Information on anisotropies is masked by orientation
distribution in polycrystalline materials

Active volumes <1 nL, easily coupled to microwave feedlines



Electron spin resonance



Electron spin resonance



Electron spin resonance



Dielectrics and metamaterials



High permittivity pad Short wires

Compact, flexible metasurface for 300 MHz (7 Tesla)
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Phantom results at 300 MHz (7 Tesla)



In vivo results at 300 MHz (7 Tesla)
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In vivo results at 300 MHz (7 Tesla)



Double-tuned metasurfaces for high field MRI



Double-tuned metasurfaces for high field MRI



Double-tuned metasurfaces for high field MRI



1.5 Tesla wire metamaterial 



A detunable 1.5 Tesla wire metamaterial



Supports a Pendry lens and also surface-plasmon excitations

Future applications to NMR?



Volume resonators for high field MRI


