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Abstract 

This paper updates the progress in the applications of 

metamaterials-based antenna engineering at microwave bands. 

Based on the scientific concepts of metamaterials, the new 

technologies have been developed to greatly enhance the 

performance and reduce the volume of antennas. First, the 

strategy of research and development of metamaterials-based 

antenna technologies is introduced. Then, the metamaterials-

based antennas are shown, including the composite left/right-

handed leaky wave antennas, zero-indexed superstrate high-

gain microstrip patch antennas, zero-phase-shift large-

coverage near-field ultra-high frequency radio-frequency 

identification antennas and horizontally polarized omni-

directional wireless-local-area-network antenna arrays, 

artificial magnetic conductor-loaded ultra-thin substrate-

integrated Fabry-Perot cavity antennas, zero-index structure 

loaded high-gain tapered slot antenna, and broadband low-

profile planar antennas. Some comments on the research and 

development of metamaterials in antenna engineering are also 

made. 

1. Introduction 

The research into metamaterials has become a new promising 

paradigm in electromagnetic community. The unique 

electromagnetic properties of the meta-materials have 

significantly spurred the theoretical study of new physical 

concepts and phenomena with many scientific findings [1-5]. 

On the other hand, the industry has long been hungry for 

technical breakthrough to ease the daily increasing challenges 

in the rapid development of wireless communications, imaging, 

and radar systems. However, the exciting scientific progress in 

metamaterials has yet created the expected impact on 

electromagnetic engineering so far due to the practical 

requirements such as low ohmic loss, wide operating 

bandwidth, simple structure, and so on. Therefore, more and 

more attention has paid to how to translate the scientific 

concepts of metamaterials to practical technologies. In 

particular, it will be exciting if we can apply the metamaterials-

based technologies in enhancing the performance of antennas 

in terms of bandwidth increase, gain enhancement, radiation 

reconfiguration, and volume reduction at microwave bands.  

This talk reports the latest progress in the applications of 

metamaterials for microwave antenna designs by our team. 

First, we share our opinion of the generalization of 

matematerial concepts. Second, the metamaterials-based 

antennas are demonstrated, including the composite left/right-

handed leaky wave antennas, zero-indexed superstrate high 

gain microstrip patch antennas, zero-phase shift large-coverage 

near-field ultra-high frequency radio-frequency identification 

(RFID) antennas and horizontally polarized omni-directional 

wireless local area network (WLAN) antenna arrays, artificial 

magnetic conductor-loaded ultra-thin substrate-integrated 

Fabry-Perot cavity antennas, zero-index structure loaded high-

gain tapered slot antenna, and broadband low-profile planar 

antennas. Last, the comments on the translational applications 

of metamaterial concepts in antenna engineering, in particular 

at microwave bands are given. 

2. Generalized metamaterial concept 

Metamaterials are artificial structures engineered to provide 

electromagnetic (EM) properties not readily available in 

nature. In nature, we have had the materials with permittivity 

(or relative permittivity, r) and permeability (or relative 

permittivity, r) which are usually both positive, greater than 

and equal to unit, or one of which is negative when the other 

one positive as shown in Figure 1. Much effort has been taken 

to realize negative permittivity and permeability (or double 

negative material) simultaneously. However, all double-

negative structures have been built based on strong EM 

resonant cells which usually causes high ohmic loss and 

narrow operating bandwidth.  

According to the commonly acceptable definition of 

metamaterials, all the structures with any permittivity and 

permeability can be considered as the metamaterials if the 

electromagnetic properties of such artificial structures can’t be 

realized by any nature material. Based on such understanding, 

even in the first quadrant, for example, we found that the EM 

properties provided by existing natural materials spot just in a 

narrow region of r=1 or <2 but r 1. It suggests that even in 

the first quadrant there is still big room to conduct the research 

and development of artificial structures, that is, metamaterials 

to realize unique EM properties. For example, the structures 

with both r and r <1, or r / r >>1 , or r /r =0 are of special 

interest in microwave engineering including antenna and 

circuit designs.  

From this generalized concepts, the focus of the research 

and development of metamaterials can be in any quadrants if 
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the proposed artificial structures feature the unique 

electromagnetic properties.  In particular, the metamaterials in 

the first quadrant of materials have the large possibility to 

avoid the inherent drawbacks such as narrow operating 

bandwidth, high loss and bulky design. Thus, we have focused 

on developing the technologies based on the metamaterials 

with properties in the first quadrant for antennas and circuits at 

microwave bands.    
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Figure 1 Classification of materials in terms of permittivity 

and permeability 

 

3. METAMATERIALS-BASED ANTENNAS 

With the concept of metamaterials, many technologies can be 

developed to address a variety of engineering challenges. We 

have developed several technologies in enhancing performance 

and reducing volume of antennas in the past years.  

A. Zero-Phase-Shift Loop Antennas  

Near-field RFID technology at ultra high frequency (UHF) 

bands is of increasingly interest because of its promising 

opportunities in item-level applications. The conventional 

single solid-line loop antenna is unable to generate strong and 

uniform magnetic field within an electrically large 

interrogation zone at UHF bands. Segmented loop antennas are 

able to generate uniform and strong magnetic field in an 

electrically larger interrogation zone [6-8]. The reported 

segmented loop antennas have been able to offer an 

interrogation zone with a perimeter of around two operating 

wavelengths. Using dual segmented loop configurations, the 

perimeters of the interrogation zone of the antennas can be 

larger than three operating wavelengths at UHF bands as 

shown in Figure 2.  

Furthermore, Figure 3 shows that the zero-phase-shift line 

is also used to form the horizontally polarized omni-directional 

antenna which is installed above a ground plane [9]. 

B. Zero-index Structure Loaded High-gain Tapered Slot 

Antennas  

An antipodal tapered slot antenna prototype loaded with the 

zero-index metamaterial (ZIM) cells exhibits a gain 

enhancement of up to 6 dB in the frequency band of 7−13.5 

GHz without any additional area or aperture [10]. With use of 

the ZIM, the waveform at the aperture of the slot antenna is 

much more uniform (like a plane wave) so that the aperture 

efficiency increases for higher gain as shown in Figure 4. 
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Figure 2 Loop antenna and magnetic field distribution 
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Figure 3 Horizontally polarized omni-directional loop antenna 
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Figure 4 Tapered slot antenna at 60 GHz. 



C. Broadband Low-profile Planar Antenna I 

A dipole antenna loaded with a high permittivity periodic 

structure (HPPS) was designed for broad operating bandwidth 

and high gain as shown in Figure 5 [11]. The antenna array 

comprises four planar dipoles, an HPPS and a finite-sized 

ground plane. The HPPS is two arrays of patches etched on the 

sides of a printed circuit board. The antenna achieved a wide 

impedance bandwidth of 44.4% (1.67-2.69 GHz), a maximum 

gain of 14.2 dBi with aperture efficiency up to 94%, and stable 

radiation patterns with low cross-polarization levels of -26dB 

across the bandwidth. With a ground plane size of 1.6 λ01 λ0 

(λ0 is the operating wavelength in free space), the 4-element 

linear array realized a 10-dB H-plane beamwidth of 40°.  

 

Figure 5. Antenna element with HPPS loading 

D. Broadband Low-profile Planar Antenna II  

A metamaterial-based mushroom antenna comprising of an 

array of mushroom cells and a ground plane was proposed for 

broadband low-profile applications as shown in Figure 6 [12]. 

The antenna was fed by the feeding strip through the slot right 

underneath the center gap between the cells with two well-

excited resonance modes. The antenna can radiate well at 

boresight. The dispersion relation releases the mechanism of a 

composite right/left-handed mushroom property. The proposed 

antenna with a low profile of 0.06λ0 and a ground plane of 1.10 

×1.10λ0 achieves 25% bandwidth (|S11| < −10 dB), 9.9-dBi 

average gain, and cross-polarization levels of <−20 dB across 

the bandwidth as shown in Figure 7. 

 

Figure 6.  Slot-fed mushroom antenna  
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Figure 7.  |S11| and boresight gain of a 4×1 proposed antenna 

4. Comments 

With exciting scientific findings, we have seen an opportunity 

to research into the metamaterials by deeply exploring new 

physical phenomena. On the other hand, the applications of 

metamaterials are still quite challenging. We need much more 

effort to develop technology by translating the physical 

concepts to engineering design.      
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