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Abstract: For fast developing materials science, the communication technology also introduces 

new applications especially in the field of application of new materials and devices. Meta-

materials with repeating structures that exhibit the negative refractive index, negative dielectric 

constant, and negative magnetic permeability promise many benefits in the wireless 

communication using a new class of microwave antennas. These novel antennas overcome 

disadvantages of traditional microwave antennas while having smaller physical size, wider band-

width and higher efficiency. In this paper we present the results of fabrication and test of meta-

structured antennas. 
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1. Introduction

  

Recent advances in the field of micro and nano materials processing allow us to create a new class 

of artificial materials whose characteristics fall beyond the limits of conventional traditional materials. 

The meta-materials are one class of the artificial materials that can be created from the traditional 

materials by arranging the ordered structures of different shape and size [1]. Recent interest is focused 

on the meta-materials having negative refractive index as these materials exhibit many important 

characteristics not available in the traditional materials. Negative refractive index materials were 

successfully fabricated for the first time in 2000 by Smith, while its properties were predicted 

theoretically in 1968 by Veselago [2]. These materials themselves are a perfect combination of 

electrical and magnetic components that simultaneously have the negative magnetic permeability (μ 

<0) and electrical dielectric constant (ε <0) in the same frequency range. Thereby leading to the 

electromagnetic properties and optical irregularities, including the inversion of Snell's law, the inverse 

of the Doppler shift, and the inverse of Cherenkov emission.... By adjustment of the effective μ and ε 

suitably the path of light rays can be bent when passing through the meta-materials while not being 

reflected or scattered. Besides, a series of other critical applications which has also been suggested by 

scientists is the application as frequency filters, resonators, sensors, absorbers, etc... 
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2. Negative refractive meta-material   

As commonly known when a light ray arrives at the boundary separating two different 

environments it will be refracted along a path 1-4 as given in Figure 1. 

 

Figure 1. The light rays passing through the 

separator shore [2, 8, 9]. 

 

Figure 2.  The coordinate system of ε, μ  [2, 8, 9] 

However when the phase velocity and the group velocity are not in the same direction, the strange 

thing happens that the beam will be deflected in the direction path 1-3. Therefore, if one wants to keep 

the correct formula of refraction (i.e. the Snell law) sinφ/sinФ  = n, then n < 0 because sinΦ < 0. We 

have  n =  εµ  so that:  n   . The case with the plus sign “+” applies when the material is 

normal, it has ε > 0 and µ >0; the case with minus sign “-” applies when the material has both ε < 0 

and µ < 0.  From here we have the pairs of positive and negative values of (ε, μ) making up four 

regions in the coordinate system of ε, μ. 

 

Figure 3a. A electric material model [2, 8, 10] 

 

Figure 3b.  A plasma magnetic material model [2, 8, 10] 

Negative refractive index materials are usually formed from the basic structures, which act as the 

"atoms" in the materials. These "atoms" are grouped together repeatedly or not. They consist of two 

main components which are electrical components and magnetic components. The electrical 

components (electric metamaterial) generate the negative value of dielectric constant (ε <0). The 

magnetic components generate the negative magnetic permeability (μ <0). One of the interesting 
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properties of materials with negative refractive index is 3 vectors of electromagnetic (E, H, k) waves 

obey the left-handed rule. Thus, the materials with a negative refractive index are also known as the 

left-handed metamaterials (LHMs). LHMs can be designed and built to operate on the desired 

frequency band ranging from the microwave region to the far infrared, even closer to the visible light 

region [3-5] 

3. Fabrication of antenna on the basic of meta-material  

We now focus on a simulation of meta-materials with a simple structure as given in Figure 4 [6-7]. 

While taking into account the number of unit cells, the change in the unit cell distance can be 

monitored. From the original pad antenna we altered the structure of the active surface to the one of 

the meta-structured materials.  

 

Figure 4. Resonance characteristics depends on distance between unit cells 

Each unit cell contains a pillar of copper of 3.5 µm in height and 1mm in size. To observe the 

effect of changing distance between the unit cells we modeled 9 unit cells. Here we simulated 8 

antennas with the unit cell distances equal to 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4 mm respectively while 

keeping all other parameters of the sample antenna unchanged.  

In Figure 4, a sample A has a distance d = 0.5 mm, B has d = 4 mm. These antennas are designed 

on a glass substrate of size 2020 mm, and thickness 100 µm. Two copper faces have a thickness 

equal 3.5 µm. The lower surface size is 1819 mm. The higher surface includes 9 unit cells of 1mm in 

size and 3.5 µm in height. The distance between unit cells change from 0.5 to 4 mm. The voltage 

supply line cross section is 100 µm and the area of the voltage supply contacting point is 22 mm. 

Accordingly we fabricated two antennas on glass material utilizing the Cu surfaces and examined 

the characteristics of these antenna responses. 
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a) A microtrip antenna and a meta-antenna. 

 

b) Resonance characteristic of the microtrip antenna. 

 

c) Resonance characteristic of the optimized meta-

material antenna. 

Figure 5. Resonance characteristic of the microtrip antenna and meta-material antenna. 

The results showed that for a resonance seen at 6.6 GHz the feedback coefficient is -19.27 dB. We 

obtained 3 resonance peaks with a performance at 7.66 GHz with feedback coefficient of -34.2 dB. In 

comparison with a modeled antenna with 9 unit cells the best resonance peak occurred at 6.8 GHz with 

return loss -12.2 dB.  

4. Conclusion 

The fabrication and modeling simulation of a meta-materials based antenna, working in the 

microwave region, has been discussed. The good agreements between the theoretical and experimental 

results were achieved for the model antennas composed of finit number of separated square units in 

the active surface. The results showed that the occurence of the meta-structure led to the improvement 
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of both band-width and gain for the antenna modelled. Therefore, the application of artificial materials 

in the fabrication of microwave antenna overcome the disadvantages of the old strip-technology and 

showed that the bandwidth could be improved as well as the performance of the antenna. This study 

also suggested that a simple structured meta-materials based antenna can be easily fabricated by the 

current technology available in Viet Nam. These results promised the application of new type of 

antenna in manufacturing of novel communications devices. 
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