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Abstract A miniaturized dual-band antenna array using a

negative index metamaterial is presented for WiMAX,

LTE, and WLAN applications. This left-handed metama-

terial plane is located behind the antenna array, and its unit

cell is a combination of split-ring resonator, square electric

ring resonator, and rectangular electrical coupled resonator.

This enables the achievement of a metamaterial structure

exhibiting both negative permittivity and permeability,

which results in antenna size miniaturization, efficiency,

and gain enhancement. Moreover, the proposed metama-

terial antenna has realized dual-band operating frequencies

compared to a single frequency for normal antenna. The

measured reflection coefficient (S11) shows a 50.25%

bandwidth in the lower band (from 2.119 to 3.058 GHz)

and 4.27% in the upper band (from 5.058 to 5.276 GHz).

Radiation efficiency obtained in the lower and upper band

are[95 and 80%, respectively.

1 Introduction

In the last few years, there has been a significant interest in

using metamaterial structures to realize the new electro-

magnetic properties that may not be readily obtainable in

nature [1, 2]. An example of this is metamaterial structures

that produces a negative refractive index (NRI) with neg-

ative permittivity and permeability properties that are

known as double-negative metamaterial (DNM) [3]. They

are widely investigated due to their potential applications

in various fields such as wireless technology and micro-

waves. These novel engineered materials are first intro-

duced by Veselago [4] and verified experimentally after

several decades [5].

Metamaterial promises a new class of antennas due to

their effectiveness in improving antennas’ performance and

size miniaturization [6–8]. Meanwhile, patch antennas are

chosen in this work as they feature advantageous physical

and electromagnetic properties such as low profile, low

cost, small size, reasonable gain, and good radiation pat-

terns [9]. However, conventional patch antennas suffer

from narrow bandwidths, low gains and efficiencies, and

large sizes at low frequencies. Therefore, numerous types

of metamaterials structures such as SRR, SERR, capaci-

tance-loaded strip (CLS), spiral resonators (SR) and peri-

odic array structures are proposed to enable improvement

of their physical and electrical features [10–12]. To date,

different metamaterial structures have been investigated for

antenna miniaturization, improving gain and efficiency and

enabling multi-band operation [13]. For instance, SRRs

unit cells structures are generally employed as loading

structure placed along an antenna to reduce the resonant

frequency of an antenna [10, 14, 15].

This paper presents a miniaturized dual-band antenna

array using a novel combination of DNG metamaterial unit
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cell for WiMAX, LTE, and WLAN applications. The

proposed left-handed metamaterial unit cell located on the

reverse of the antenna substrate combines the SRR, SERR,

and rectangular ELC resonator. This structure exhibits

negative refractive index (NRI) and negative permittivity

and permeability, which results in a compact, dual-band

antenna array (0.17k 9 0.36k 9 0.004k) with more than

95% of radiation efficiency.

2 Antenna design geometry

Figure 1a shows the front view of the combined unit cell

structure. It combines the SRR and SERR which are both

magnetic resonant structures. The perpendicular magnetic

field produced by those cells generates negative perme-

ability. Meanwhile, the rectangular ELC resonator is

located between the above mentioned cells and is used to

generate negative permittivity. The dimensions of the

proposed unit cells are illustrated in Table 1. Figure 1b–e

illustrates the real and imaginary values of impedance,

refractive index, permeability, and permittivity. The result

indicated that the proposed structure features a negative

refractive index from 1.5 to 3.6 GHz.

Figure 2a, b illustrates the simulated geometry of the

proposed antenna. It is an array containing 10 elements;

each rectangular element is dimensioned at 4 9 4 mm2.

The antenna is fed using a combination of both series and

corporate feed techniques. It is designed on a 0.51-mm-

thick RT/duroid�5880 substrate. The metamaterial unit

cells and ground plane are located on the rear side of the

antenna. The dimensions of the proposed antenna array are

listed in Table 1.

3 Experimental results and discussion

Figure 3 shows the fabricated 10-element array prototype.

Its reflection coefficients (S11) are then measured in an

anechoic chamber using an Agilent E8051C network ana-

lyzer and compared with simulations in Fig. 4. It covers

two bands which fulfill the WLAN, LTE, and WiMAX

Fig. 1 Metamaterial unit cells and simulated results, a unit cell structure, r1 = 7 mm and r2 = 6.4 mm, b impedance, c refractive index,

d permeability, e permittivity

Table 1 Parameter dimensions of the proposed antenna

Para. Value

(mm)

Para. Value

(mm)

Para. Value

(mm)

Para. Value

(mm)

Para. Value

(mm)

Para. Value

(mm)

Para. Value

(mm)

a 7 d 2.2 wp 4 w2 0.5 w5 0.6 l2 1.5 l5 2

b 4.2 e 5.2 lp 4.4 w3 0.7 w6 0.6 l3 2 l6 5

c, f 0.6 m 3.7 w1 1 w4 1 l1 10.4 l4 4.8 l7 1
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operating bands. The simulated and measured reflection

coefficient S11 is below -10 dB for both operating bands.

The measured results indicated an increase in the band-

width for the first band from 40.08% (simulated) to 50.25%

(measured) and the second band bandwidth slightly

increased to 4.27%. This is due to the fabrication accuracy

issues of the small unit cells.

Figure 5 illustrates the gain, radiation, and total effi-

ciencies of the proposed antenna. It can be seen that the

maximum gain of the proposed antenna in the first band is

2.8 dB and is increased to 3.48 dB in the second band.

Conversely, the radiation and total efficiencies in the first

band varies between 88 and 98.5% while for the second

band these parameters have been reduced to 88 and 79%,

correspondingly. Radiation patterns shown in Figs. 6 and 7

Fig. 2 Geometry of the proposed antenna and reflection coefficient

(S11), a front view, b back view

Fig. 3 Fabricated prototype of the proposed antenna array, a front

view, b back view (unit cell and ground plane)

Fig. 4 Simulated and measured reflection coefficient (S11)

Fig. 5 Gain and efficiency of the proposed antenna

Fig. 6 3D radiation pattern of the proposed antenna at: a 2.4 GHz,

and b 5.1 GHz

Miniaturized dual-band antenna array with double-negative (DNG) metamaterial for wireless… Page 3 of 5 22

123



indicate an omnidirectional behavior in the first band (at

2.4 GHz) while a bi-directional in the second band (at

5.1 GHz). Furthermore, the degradation in total efficiency

in the second band is due to the fact the small antenna

showed high losses at higher frequency and thus reducing

its total efficiency [16–18].

An overview of such antennas published in literature is

given in Table 2. It can be observed that the antenna pro-

posed in this work results in a significant size miniatur-

ization while maintaining high efficiency in comparison to

the state of the art.

4 Conclusions

A miniaturized dual-band antenna array using DNG

metamaterials is presented. A novel combination of left-

handed metamaterial SRR, SERR, rectangular electrical

coupled (ELC) resonator unit cells is proposed. The fea-

tures of negative permittivity, permeability and refractive

index (NRI) are validated numerically from the proposed

unit cells structure. They are then placed on the reverse

side of an antenna array. The measured reflection coeffi-

cient (S11) shows a 50.25% of bandwidth in the first band

(from 2.119 to 3.058 GHz) and 4.27% (from 5.058 to

5.276 GHz) in the second band. Radiation efficiencies

obtained from this structure are[95% (in the first band)

and 80% in the second band.
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