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Abstract—Metamterial based radio frequency (RF) surface coils 

are investigated for magnetic resonance imaging (MRI) 

applications. The utilization of the metamaterial is expected to 

enhance the magnetic field intensity of the surface coils and 

improve the signal to noise ratio (SNR) of the MRI system.  Two 

types of metamaterials, namely the metamaterial structures with 

negative permeability (r) or high permeability, are co-designed 

with the RF coils. The metamaterial based coils at ultra-high 

frequency (UHF) of 300 MHz for 7 Tesla MRI system exhibit 

enhanced magnetic field intensity compared to a conventional 

coil. 

I. INTRODUCTION 

Magnetic resonance imaging (MRI) is an imaging technique 
used primarily in medical settings to produce high quality 
images of the inside of the human body. MRI is based on the 
principles of nuclear magnetic resonance (NMR), a 
spectroscopic technique used by scientists to obtain 
microscopic chemical and physical information about 
molecules. The technological advances in magnetic resonance 
RF coils over the years have fueled the research for pre-clinical 
or small animal magnetic resonance imaging (MRI) [1], [2]. 
The quest for better quality MRI and increased-speed still 
brings in new challenges and opportunity. 

The radio frequency (RF) coil or loop antenna is one of the 
key components in the MRI system. Over the past decades, 
majority of developments in RF coil technology has already 
impacted significantly on MRI scanner designs for medical 
practice. A high performance RF coil should features uniform 
magnetic field distribution, high magnetic field intensity, and 
larger penetration to human body, which benefits the MRI 
system with enhanced SNR and higher quality of the image. 

In this paper, we investigate new type of RF surface coil by 
utilizing metamaterial to enhance the performances in terms of 
magnetic field intensity, magnetic field distribution, and the 
penetration into human body. The metamaterial based MRI RF 
coils are expected achieve greater SNR and better image 
compared to the traditional ones. 

II. METAMATERIAL BASED COILS  

Fig. 1(a) exhibits an application scenario of the surface coil 

in a MRI system, where the coil is positioned close to a knee 

to have the image. A desired coil is required to feature a 

stronger magnetic field intensity to fully penetrate the knee 

and a unidirectional uniform field distribution along the 

distance to achieve greater SNR and therefore better image 

quality. However, as shown in Fig. 1(b), a conventional coil, 

or loop antenna, is unable to meet such requirements; the 

magnetic field of such coil exhibits a bi-directional 

distribution and the intensity decay rapidly with the distance 

away from the center of the coil. 

Metamaterials are artificially engineered media whose 

electromagnetic responses are different from those of their 

constituent components [3].  The metamaterials have been 

proven to exhibit unique electromagnetic characteristics that 

do not occur in natural materials. Over the last decade, an 

incredible amount of research and application base on 

metamaterials has been explored. Wave interactions with sub-

wavelength metamaterials size have been particularly useful to 
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 Fig. 1 (a) Application scenario of the surface coil in MRI system and (b) 
requirements of the magnetic field distribution for MRI coil. 

 



the antenna community. Most of the metamaterials research 

has been concentrated in the microwave region and above for 

far-field characteristics while less studies are carried out for 

near-field applications, especially at frequencies lower than 

Giga Hertz.   

 

A. Coil with metamaterial lens 

It is known that the metamaterial lens, with negative 

refraction index has material properties of permittivity r = -1 

or permeability r = -1, is able to focus electromagnetic field 

and this effective phenomenon can provide sub-wavelength 

imaging resolution [4-6].  Fig. 2 demonstrates the basic 

configuration of a metamaterial based coil, where a 

metamaterial slab acts as a lens to focus and guide the 

magnetic flux into the phantom. Fig. 2(b) exhibits the 

simulated magnetic field distribution of the coil with/without 

the metamaterial lens, wherein the lens is modelled as a low 

loss slab with complex permeability of r=-1-j0.25 and the 

phantom as a lossy media with complex permittivity of r=90-

j197. Inside the phantom, the magnetic field intensity 

generated by the coil with metamaterial lens is obviously 

stronger than that of the conventional coil. 

 

 
 

B. Coil with metamaterial reflector 

Fig. 3 shows a metamaterial based coil wherein the 

metamaterial structure with large permeability is utilized as a 

reflector. Fig. 3(b) compares the magnetic field distribution of 

a conventional coil and the coil with a high permeability 

matermaterial slab (r=100). The using of the reflector makes 

the magnetic field distribution directional. The magnetic field 

is suppressed at the side with the high permeability 

matermaterial slab while enhanced at the other side, which is 

expected to improve SNR of the MRI significantly. 

  

III. CONCLUSION 

The proposed metamaterial based coils differs from the 

existing coils in the way of utilization of the metamaterial 

structure, acting as either a lens or a reflector, to enhance the 

magnetic field intensity, improve the uniform magnetic field 

distribution, and enlarge the penetration depth into the tested 

tissues. Such metamaterial based RF coil offers the great 

possibility for MRI applications to improve the detection and 

characterization of smaller abnormalities in tissue features. 
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Fig. 3 (a) Configuration of the coil with metamaterial reflector and (b) simulated 
magnetic field distributions the coils with/without metamaterial reflector 
(diameter of the coil: 30mm, d0=0.5mm, t=2.5 mm). 
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 Fig. 2 (a) Configuration of the metamaterial based coil with phantom and (b) 
simulated magnetic field distributions of the coils with/without metamaterial 

lens (diameter of the coil: 30mm, d0=5mm,  t=2.5 mm, r =-1-j0.25). 

 


