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Abstract— A metamaterial lens is presented for magnetic 
resonance imaging (MRI) application, which is expected to 
enhance the magnetic field intensity of the surface coil and 
improve the signal to noise ratio (SNR) of the MRI system.  The 
lens is based on a split-ring constructed into a three 
dimensional cuboid, providing permeability  = -1. 
Measurements show that the improvement of a metamaterial 
lens-based coil over a conventional coil is 4.2 dBi at 282MHz, 
which is promising for pre-clinical study in a 7T MRI system at 
300 MHz band. 
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I.  INTRODUCTION  

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]. The 
quest for better quality MRI, increased-speed and higher 
SNR still brings in new challenges and opportunity. This 
includes a look into how new materials i.e. metamaterials 
could be engineered to improve the magnetic field from the 
RF coil besides the design of the RF coils itself as well as 
the imaging processing methods. Ever since the paper by 
Pendry [2] was published, many researchers and engineers 
have started working towards the perfect lens which has 
garnered much attention over the past decade or so. The 
metamaterial lens, with negative refraction index has 
material properties of permittivity  = -1 and permeability  
= -1, is able to focus electromagnetic field and this effective 
phenomenon can provide sub-wavelength imaging 
resolution. In addition, for near field application whereby 
the electrostatic or magnetostatic limits still applies, only 
one of the material properties ( or ) needs to be -1. This 
useful criteria of  = -1 which demonstrates focusing 
capabilities, yet again provides practical application as in the 
case of MRI which has been studied extensively in [3][4]. 
The designs used in those papers were the basic split ring 
(SR) design requiring only one lumped element per unit-cell 
at 63.85 MHz for 1.5 T MRI system. Some other works tried 

introducing different types of unit-cells which did not ease 
the design procedure with three lumped element [5].  

In this paper we investigate a metamaterial lens for a 7 T 
MRI system at 300 MHz band. The performances of the 
metamaterial lens based coil and a conventional coil are 
compared.   

II. METAMATERIAL LENS 

A. Unit-cell 

The unit-cell is based on split ring (SR) design with 
capacitor placed across the split. The unit-cell is printed on 
FR4 printed circuit board (PCB) with r = 4.3 and tan  = 
0.0025. The thickness of the PCB is 0.5 mm. The outer 
diameter and inner diameter of the ring are 4.05 mm and 
2.63 mm, respectively while the gap of the split is 0.637 
mm. The size of the unit-cell is lh = 9.5 mm on the lateral 
sides and lv = 10.5 mm between the top and bottom. The 
capacitor used is 33 pF. All simulation work has been 
performed using CST Microwave Studio [6]. Fig. 1 shows 
the unit-cell of the SR design which is constructed into a 
three-dimensional cuboid to form the lens.  
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Fig. 1 Split-ring unit-cell design 



 

 

B. Coil and metamaterial lens 

 
The metamaterial lens is constructed in a periodic 

fashion in two of the axes while the remaining axis consists 
of just a single layer of the unit-cell. The metamaterial lens 
was arranged to be a 6 × 6 array which brings a total size of 
57 mm × 57 mm × 10.5 mm. Simulation was conducted for 
a 30 mm coil with and without the metamaterial lens, shown 
in Fig. 3 (a). The coil is placed 3 mm away from the 
metamaterial lens. The arrows show where the magnetic 
field between the two models will be compared. Figs. 3 (c) 
and (d) depict the cross-sectional magnetic field. With the 
metamaterial lens, the magnetic field is noticeable to be 
higher. Fig. 3 (e) better depicts the increased magnetic field 
along the arrows.  

 

III. FABRICATION AND MEASUREMENT 

The fabrication of the metamaterial lens is separated into 
the horizontal plates and the vertical plates.  Capacitors are 
first soldered on the SR before the assembly. The vertical 
parts are then inserted into the bottom layer in a crisscross 
manner and finally the top is covered and tightened with 
plastic screws. Fig. 4 shows the assembled metamaterial lens  

The measurement set-up is shown in Fig. 5. Two probes 
which act as the coils are connected to a network analyzer 
PNA N5230A (10 MHz – 40 GHz) and placedwith a 
distance d . The transmission from one probe to the other is 
quantified by |S21|. The metamaterial lens is then placed in 

between the two probes. The frequency response was 
measured with varying separation d.  
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Fig. 3 (a) coil in free space, (b) coil at 3 mm away from metamaterial
lens, (c) cross-sectional H-field of coil in free space, (d) cross-sectional
magnetic field of coil with metamaterial lens, and (e) comparison of
magnetic field along the arrows  
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Fig.2 The extracted (a) permeability, and (b) permittivity, of the unit-cell 
design at 300MHz  



 

 

 

 

The measured results are shown in Fig. 6. From Fig. 6 
(a), we can see for most of the frequencies the |S21| with the 
metamaterial lens is lower than that without the lens; while 
the enhancement is clearly observed at the frequency band 
from 275 MHz to 293 MHz wherein the greatest increment 
with the metamaterial lens is achieved at frequency 282 
MHz. There is a frequency shift of 18 MHz away from the 
targeted frequency of 300 MHz. The discrepancy is 
attributed to the PCB fabrication tolerance and the variation 
of the capacitor value. The thickness of the FR4 PCB is 
0.8mm instead of the designed 0.5 mm, which results in the 
prototyped lens with an overall size of 57 mm × 57 mm × 
11.8 mm.  

 

 

IV. CONCLUSION 

The proposed metamaterial lens with permeability  = -1 
has demonstrated the ability to enhance the axial magnetic 
field intensity in the near-field region of the coil. The coil 
with metamaterial lens has demonstrated an enhancement of 
4.2 dB compared to the conventional coil.  The optimized 
metamaterial lens based surface coil will be promising for 
7T MRI system at 300MHz for SNR improvement. 

 

                

 
   

 
Fig. 4 The assembly of the metamaterial lens 
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Fig. 6 Measured |S21| with and without metamaterials lens, (a) versus
frequency and (b) versus distance d 
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Fig. 5 Measurement set-up, (a) probe, (b) probes with metamaterial lens
and (c) measurement configuration  
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