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Abstract 

In this paper, we present a metamaterial loaded frequency tunable planar patch 

antenna. Square shaped split ring resonator (SRR) with rotated inner ring 

metamaterial structure is used. Radio frequency microelectro-mechanical 

system (RF MEMS) switches are used to provide the frequency tunability. The 

inner ring of SRR is rotated about its axis by means of RF MEMS Switches. 

Loaded microstrip patch antenna with original SRR structure resonates at 5.52 

GHz. When the inner ring of SRR is rotated by means of RF MEMS switches, 

the loaded antenna tuned to 5.50 GHz, 5.44 GHz and 5.42 GHz.  

Index Terms: Frequency Tunable antenna, RF MEMS Switch, Split ring 

resonator (SRR), Rotated ring. 

 

1. INTRODUCTION 

With the development of wireless industry, it is required that a single antenna can be 

used for multifunctional operations that operates at different frequencies. Number of 

single frequency operating antennas can be replaced by a single reconfigurable 

antenna. Thereby reducing the overall size, cost, and complexity of a system. The 

reconfigurability of antennas can be achieved in terms of frequency, bandwidth, 

polarization and gain. Frequency reconfigurable antenna can operates at different 

frequency, although the reconfigurable antenna cannot cover all the frequency bands 

at the same time but it can be configured to different frequencies according to the 

need. One of the major advantages of reconfigurable antenna is that once it is placed 

in the field, it can be reconfigured remotely without reconstruction. Reconfigurability 
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can be achieved by producing some tuning or notch in the antenna reflection 

coefficient. This modification in characteristics of an antenna is achieved by 

redistribution of antenna current either by altering the geometry of antenna or by 

changing the antenna’s electrical properties. There are various ways to achieve 

reconfigurability, like antennas integrated with electronic switches (PIN diodes / 

Varactor Diodes), switching with the help of RF MEMS switches, tunable materials 

for substrate (changing permittivity /height of substrate) , by changing the physical 

structure of the antenna, implementing  antenna arrays etc [1-5]. RF MEMS switches 

have better isolation, insertion loss, power consumption and linearity [6-8]. Main 

advantages of using electronic switching in antenna is that switching element can be 

easily integrated into the antenna structure. 

With the use of metamaterial (MTM), antenna’s properties can be enhanced like 

reduction in size, improvement in return loss, gain and bandwidth [9-13]. 

Metamaterials are artificial material which gains its properties from the structure and 

not by the materials. MTMs have permittivity (ε) and permeability (µ) negative at the 

same time over a common frequency band; hence meta -materials are also regarded as 

double negative (DNG) materials. They are also termed as, ENG (epsilon negative) 

materials when permittivity is negative and permeability is positive; MNG (mu 

negative) materials when permeability is negative and permittivity is positive. ENG 

and MNG materials are also termed as single negative (SNG) materials, because one 

of permittivity or permeability is negative. Metamaterials are also termed as left 

handed materials (LHMs) or negative refractive index materials (NRIMs). These 

materials exhibits the properties like reverse Doppler effect , backward propagation 

and reverse  Vavilov – Cerenkov effect which are not possessed by natural material . 

Metal rods can be used to obtained negative values of effective permittivity (εeff) and 

Split ring resonator of appropriate dimensions can be used to obtained negative value 

of effective permeability (µeff).  

In 2008, J.Wang et al. [14] purposed a theory to analyze the control of magnetic 

resonant frequency by rotating the inner ring of SRR. In this paper, they used the 

control bars to rotate the inner ring. The results show that by rotating the inner ring, as 

the angle between the two splits decreases the magnetic resonant frequency of SRR 

changes. The rotation of inner ring of SRR can also be achieved by putting splits in 

each arm of inner ring and then the position of splits can be turned ON/OFF by using 

RF MEMS switches. As the outcome of this process, the magnetic resonant frequency 

gets shifted and thus frequency tunable SRR structure is obtained [15-17].  

In the present paper, a frequency tunable planar microstrip patch antenna loaded with 

metamaterial is presented. Square shaped split ring resonator with rotated inner ring is 

used. Here one split is made in each arm of inner ring with RF MEMS switches 

within them. By making RF MEMS switches ON/OFF the position of splits can be 

varied in each arm and considered as rotation of inner ring. By this the resonant 
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frequency gets shifted and thus getting frequency reconfigurability.   

The paper is divided in four sections. Section 2 explains the design of the proposed 

antenna. Analysis of antenna and simulation results is discussed in section 3. 

Conclusion of this work is presented in section 4. 

 

2. DESIGN 

 In this design, the rectangular patch antenna is loaded with planar square shaped split 

ring resonator with rotated inner ring, as shown in figure 1( a, b). FR-4 having relative 

permittivity   εr = 4.4 and thickness h = 1.57 mm is used as substrate. The length and 

the width of rectangular patch antenna are 4.0 cm and 1.0 cm respectively. Coaxial 

feeding is used to excite the patch antenna. The length of square Split ring resonator 

structure is Lsrr = 4.0 cm, width of each ring is w = 0.2 cm, the separation between 

outer and inner rings is s = 0.4 cm, width of splits in each ring is g = 0.45 cm. Each 

arm of inner ring of SRR has splits of width ‘g’ along with RF MEMS switches S1, 

S2, S3, S4 that are placed in each split. The distance between the square split ring 

resonator and patch antenna is d = 0.3 cm. Here the presence of metal strip represents 

the ON position of RF MEMS switch, whereas absence of metal strip represents the 

OFF position of RF MEMS switch. Ansoft HFSS simulator, finite element based 

electro- magnetic mode solver is used to design and simulate the patch antenna. 

 
(a) 
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(b) 

Figure 1: (a) Structure of loaded rectangular patch antenna with planar SRR with 

rotated Inner Ring (b) Fabricated antenna 

 

3. ANALYSIS AND DISCUSSION 

The patch antenna is loaded with basic configuration of square SRR (where split in 

inner ring and outer ring is opposite to each other). In this situation, the switch S1 is 

placed in OFF position while the switches S2, S3, S4 are placed in ON position. The 

resonant frequency of loaded antenna structure is 5.52 GHz with a -10 dB bandwidth 

of   240 MHz and a gain of 30.85 dBm (figure 2 a, b).  

 

 

Figure 2: (a) simulated and measured return loss (S11), (b) gain in (dBm) ; of loaded 

patch antenna with original configuration of SRR. 
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Figure 3: (a) simulated and measured return loss (S11), (b) gain in (dBm) ; of loaded 

patch antenna when inner ring is rotated by π/2. 

 

Now as inner ring of SRR is rotated through π/2 by making switches S2 OFF while 

rest of other switches placed ON, the loaded antenna structure resonates at frequency 

5.50 GHz with a -10 dB bandwidth of 220 MHz and a gain of 30.20 dBm (figure 3 a, 

b).  

Now as inner ring of SRR is further rotated through π/2 (total π) by making switches 

S3 OFF while rest of other switches ON the loaded antenna structure resonates at 

frequency 5.44 GHz with a -10 dB bandwidth of 220 MHz and a gain of 31.92 dBm 

(figure 4 a, b) respectively. 

 

   

 

Figure 4: (a) simulated and measured return loss (S11), (b) gain in (dBm) ; of loaded 

patch antenna when inner ring is rotated by π. 
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Figure 5: (a) simulated and measured return loss (S11), (b) gain in (dBm) ; of loaded 

patch antenna when inner ring is rotated by 3π/2. 

 

By rotating the inner ring further by π/2 (total 3π/2) by making switches S4 OFF 

while rest of other switches ON the loaded antenna resonates at frequency 5.42 GHz 

with a -10 dB bandwidth of 220 MHz and a gain of 31.15 dBm (figure 5 a, b). Thus 

by rotating the inner ring of SRR we get frequency tunability.  

Due to magnetic coupling between the patch antenna and square shaped SRR, the 

return loss and gain of patch antenna becomes better.  Better return loss and high gain 

suggested that patch antenna is perfectly matched with square SRR. So there is no 

requirements of additional matching networks like reactance and resistive matching 

network, quarter wave transformer, capacitive loading. 

 

4. CONCLUSION 

In this paper, square shaped split ring resonator metamaterial with rotated inner ring 

loaded planar patch antenna is presented. By rotating the inner ring of SRR with the 

help of RF MEMS switches frequency tunability has been achieved. The results show 

that the loaded antenna resonating frequency get shifted from 5.52 GHz to 5.50 GHz 

as SRR is rotated by π/2, to 5.44 GHz as SRR is rotated further by π/2 (total π 

rotation) and 5.42 GHz as SRR is rotated further by π/2 (total rotation 3π/2). Thus we 

get frequency tunability. The proposed antenna can be used in various application in 

mobile communication, handheld devices, body area network (BAN) due to its better 

return loss and high gain. 
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