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Abstract - Luneburg lens is a new generation of antennas that is developed in the last few years and inserts itself strongly in 
Microwaves, Communications and Telescopes area. The aim of this paper is to improve the radiation pattern by decreasing 
the side lobes and increasing the main lobe while realizing wide-angle beam scanning when the source moves along the 
circumferential direction inside the lens. The design and characterization of a modified two-dimensional Luneburg lens 
based on meta-materials along with the analysis and simulation results are presented. The lens is composed by a number of 
concentric layers. By varying the geometric dimensions of unit cells in each layer, the gradient refractive index profile 
required for the modified Luneburg lens can be achieved. The cylindrical waves generated from a point source at the focus 
point of the lens could be transformed into plane waves as desired in the microwave frequency. 
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I. INTRODUCTION 

 

The emergence of meta-materials have aroused great 

interests due to their fascinating properties and 

potential applications in microwave and optical 

engineering, like the super lens, invisible cloak, and 

other transformation devices [1–3]. Artificial 

materials provide us a powerful tool for manipulation 

of electromagnetic waves on the sub wavelength 
scale, which makes the capture and control of 

electromagnetic near fields in designed structures 

become possible. The gradient refractive index 

(GRIN) meta-materials play important roles in the 

design of new concept devices, whose index profile 

can be varied gradually according to the designs. By 

arranging the same type of meta-material element 

with different geometries, the spatial gradient of the 

refraction index can be finally introduced. The GRIN 

meta-materials can provide larger refraction index 

contrast than the natural materials, and they can also 
be tuned by electric or optical means, which makes 

them more attractive in practical applications. 

The typical application of GRIN meta-materials is the 

microwave lens, which can transform the cylindrical 

or spherical waves into planar waves. Compared to 

the traditional dielectric lens, the GRIN meta-material 

lens offers more freedom for designers to elaborate 

their work as stated above. Up to now, a number of 

GRIN meta-material lenses have been demonstrated, 

such as Maxwell fisheye lenses, Eaton lenses, Wood 

lenses, and Luneburg lenses [3–8]. Because of the 

compact size, reduced weight, and convenience of 
fabrication, the GRIN meta-material lens has a 

number of advantages compared to the traditional 

lens [9–14]. In this paper, we have proposed a 

modified 2DLuneburg lens based on the GRIN meta-

materials [15– 17]. The idea of our research is to 

improve the radiation pattern by decreasing the side 

lobes and increasing the main lobe. The motivation of 

this work is to search for an applicable antenna for 

multi-beam scanning and high gain at microwave 

frequencies in satellite communication systems, 

remote sensing. The simulated result and analysis are 

presented. Different from the traditional Luneburg 

lens, the current lens can be excited internally, 

making it more flexible in practical applications [18]. 

The modified Luneburg lens can realize wide-angle 

scanning when the excitation probe moves along the 
circumferential direction inside the lens. 

 

II. PROPOSED META-MATERIAL BASED 

LUNEBURG LENS 

 

In the two-dimensional modified Luneburg lens as 

shown in Figure 1, the radially inhomogeneous 

refraction index profile satisfies, 

r is the radius of the lens and a is the distance from 

the lens center to the focus. The medium outside the 

lens is free space with the relative refractive index 

n(a) = 1, for establishing the impedance match at lens 
boundary. The ray trajectories through the proposed 

modified Luneburg lens are shown in Fig 1. 

 

 
Figure1: Ray trajectories through the modified lens 
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The rays from the internal source are transmitted 

through the lens to produce a parallel beam on the 
other side of the lens. We choose f<a to ensure the 

focus is located inside the lens. When f=a/2 the 

refractive index profile inside the lens is as shown in 

Fig 2 which ranges from 1 to 2.236. 

 
Figure2: Refractive index for the modified Luneburg lens 

showing one of the concentric layers 

 

The individual elemental unit cells of the modified 
Luneburg lens will be I-shaped metallic on dielectric 

substrate [19]. The electric response under the 

external field illumination [20] shows variation in the 

effective permittivity in accordance with the effective 

medium theory. The Structure of the elemental unit 

cell (I-shape) is chosen to easily tune the parameters. 

The length of the horizontal and vertical bars in each 

unit is kept same so that we can achieve desired 

permittivity distribution by simply tuning the length 

of the bar. 

Due to the periodicity of the composing unit it is 
difficult to create a model for the modified Luneburg 

lens with continuous refractive index. Hence, 

discretisation approach is used to approximately 

model the desired modified Luneburg lens. The 

whole lens is divided into concentric layers with all 

the units in the same layer have equal geometric 

dimensions. 

To describe the relationship between the geometry 

dimensions and the constitutive parameters of the I-

shaped unit, numerical simulations have been made to 

get the corresponding refractive index at a frequency 

of 10 GHz with the standard retrieval procedure [21]. 
Fig 3 shows the gradual increase in the effective 

refractive index with the growth of w ranging from 1 

to 3.5 

 
Figure3: Relationship between w and effective refractive index 

III. SECONDARY CONCENTRATING LENS 

 
The Existing Luneburg Lens Antenna (ELLA) is 

illustrated in Fig.4. The thought is to reduce sidelobes 

without sacrificing the principal lobe gain. For 

Luneburg lens antenna as in cassegrain feeding of 

parabolic antenna we propose a Modified Luneburg 

Lens Antenna (MLLA) adding a second sphere 

adjacent to the main sphere, a lens in front of the 

feeding point (focal point) as illustrated in Fig. 5. The 

main lens congregates the rays and the sub-lens 

concentrates the rays into the focal point.  

 
Figure4: Existing Luneburg Lens Antenna (ELLA) 

 

 
Figure5: Modified Luneburg Lens Antenna (MLLA) 

 

IV. SIMULATION RESULTS 

 

As in the existing Luneburg lens, the modified lens 

can also realize beam shaping and beam scanning 

which can transform cylindrical waves into plane 

waves in various directions. To demonstrate the 

performance of the proposed modified Luneburg lens 

simulations are carried out. The electric field inside 

and outside the lens is illustrated in Fig 6. where the 

lens with continuous and discrete refractive index 

profile is taken into consideration. By comparing Fig 
6(a) and 6(b), it is clear that unavoidable scattering 

emerged due to the discretization for the impedance 
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mismatch. However, beam shaping phenomenon is 

quite good. Under ideal conditions, there will be 
almost no energy loss when electromagnetic waves 

run through the lens. However, loss indeed exists 

because of the productive deviation and tiny 

impedance mismatch to the air part. By moving the 

source along the circumference, it is possible to 

realize beam scanning toward different directions, as 

shown in Figure 6(c). 

 
(a) 

 
(b) 

 
(c) 

Figure6: Simulated Electric field within the modified 

Luneburg lens (a) Lens with ideal refractive index distribution 

(b) Refractive index distribution of the lens discretised (c) 

Beam scanning for a point source moving along the 

circumferential direction. 

 

The implementation of this technique is simulated by 

using FDTD (Finite Difference Time Domain) 

Simulation which has the potential to handle the new 

design of Luneburg lens antenna.  

 

A comparison between Existing Luneburg lens 
antenna as well as new Modified Luneburg Lens 

antenna design of the proposed multiple feed 

Luneburg antenna has been made and the results are 
illustrated. The radiation pattern in 3-D of both ELLA 

and MLLA is illustrated in Fig. 7 and Fig. 8. 

 

 
Figure7: 3-D Radiation pattern of Existing Luneburg lens 

antenna 

 
Figure8: 3-D Radiation pattern of Modified Luneburg lens 

antenna 

 
The difference is so noticeable in the main lobe; 

MLLA has more gain than ELLA. This is due to the 

concentration of both lenses. Also the side lobes are 

much smaller in the MLLA. 

 

CONCLUSION 
 

In this paper, the design of a modified Luneburg lens 

has been proposed and characterized based on the I-

shaped units. Gradient index distributions have been 

obtained by adjusting the dimensions of the basic unit 

based on the effective medium theory. Simulation 
results show that cylindrical waves can be 

transformed into plane waves, which is consistent 

with the theoretical predictions. A very useful 

investigation of Luneburg antenna has been achieved 

based on the behavior of a Luneburg lens. Further, 

our work has been advanced to a more fruitful 

configuration where another smaller size Luneburg 
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lens is placed at the focal point of the main Luneburg 

with the horn feeder being at the focal point of the 
auxiliary lens. Results from this new design are very 

encouraging where considerable reduction in side 

lobe level is obtained accompanied with an increase 

in gain. 
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