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Abstract  

The information age of communication systems and networking finds rapid growth and there has 

been a growing demand for new RF technology to improve system capacity. In this, it is essential 

to utilize the available spectrum effectively to avoid spectrum scarcity. Cognitive radio is an 

intelligent system which makes use of reconfigurable antennas to overcome spectrum scarcity by 

switching its radiation patterns, frequency and polarization. This work presented the design of 

dual-band frequency reconfigurable fork shaped dipole antenna. The proposed antenna is 

designed to operate WLAN applications (2.4 -5.8 GHz). This antenna can operate in dual-band as 

well as single-band mode depending on switching combination. This work makes use of 

RF-MEMS (Radio Frequency Microelectromechanical System) switches to provide frequency 

reconfigurability. Depending on the switch positions, the antenna’s dimension gets varied that 

makes it to resonate for different frequencies. The simulations were carried out in Ansoft HFSS. 

 

Keywords: Frequency Reconfigurable, Fork shaped antenna, Cognitive Radio, Radio 

Frequency Microelectromechanical System (RF-MEMS). 

1 Introduction  

In particular, in the field of wireless communications an important development is the 

integration of different applications including cellular phones, satellite communications and 

wireless local area networks. Seeing how each of these applications operates on a different 

frequency band, each of these circuits requires different configurations. Due to size constraints in 

designing such devices, it would be beneficial to have reconfigurable circuitry that operates on 

each of these different frequencies. Radiating structure capable of changing one of its main 

operating parameters such as frequency / radiation pattern / polarisation is referred as 
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Reconfigurable Antenna. It is a good choice for efficient use of available spectrum and it drawn 

much attention in recent years. In order to create reconfigurable circuitry, The electrical and 

radiation properties of the antenna can be altered dynamically using different types of switching 

techniques which includes PIN diodes, GaAs field-effect transistor (FET) switches and RF 

MEMS switches. A compact reconfigurable UWB antenna for cognitive radio application is 

presented and the reconfiguration is achieved by different switching states of PIN diodes. Proper 

isolation is provided between the RF signal and de bias voltage. It provides constant gain and 

directivity on different reconfigurable bands. Only frequency configuration is achieved over the 

entire bandwidth [1]. A novel patch antenna with frequency and pattern reconfiguration with 

polarization switching is proposed for WLAN applications. Different polarizations are not 

achieved in all frequency. Here, PIN diodes are used for agility [2]. A novel 

polarization-reconfigurable aperture coupled magnetoelectric (ME) dipole antenna is presented 

for 5G Wi-Fi applications. By electronically controlling the state of switches between square 

patches and an additional strip of the ME dipole, the antenna is capable of switching the 

polarization among one linearly polarized (LP) and two orthogonal circularly polarized states. 

Polarization reconfiguration is achieved using PIN diodes [3]. 

 

The development of the optically controlled frequency-reconfigurable antenna for the mm-wave 

range, which is based on the multiband slotted-waveguide antenna array presented. Two 

photoconductive switches have been integrated to its structure to make it reconfigurable in the 

optical domain. The proposed optically-controlled antenna has been shown potential for 

mm-wave indoor applications based on optical-wireless networks, in which the optical fibers can 

be used not only to transmit data, but also to remotely control the antenna electromagnetic 

properties [4]. A versatile reconfigurable antenna capable of spectrum sensing along with various 

reconfiguration features using PIN diodes is presented for cognitive radio application. After 

sensing, antenna can reconfigure its polarization, bandwidth as well as radiation pattern [5]. 

Though planar dipoles are low profile but they will not efficiently radiates while using perfect 

electric conductor. The antenna return loss is also dropped dramatically due to the fact that the 

height of the radiating element above the metal ground is less than one-fourth of the wavelength. 

So the image currents are out of phase with the antenna current, resulting in destructive 

interference. In order to achieve reconfigurability optical switches are used but laser light is 

needed to activate the switches [6]. A novel Electromagnetic-Bandgap (EBG) structure is 

investigated and the comparison has been carried out between the new structure and the 

conventional mushroom-like EBG structure. The presented structure also provides an additional 

degree of freedom to adjust the bandgap position, which is applied to design a novel 

reconfigurable multiband EBG structure [7].  

 
2 Proposed fork shaped Antenna Design 

The fork shape planar dipole has a thick FR-4 substrate material ( r 1.6 mm) with a relative 

permittivity of 4.4. The total length of the dipole, L (43 mm), gives resonance at the lower 

frequency (i.e. 2.4 GHz). W (3.33 mm) represents the total width of the dipole. The dipole antenna 
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consists of a two-fork type structure placed back to back. Each fork consists of two arms of same 

widths W1 is equal to W2 (1.11mm). In reconfigurable antenna designs, switches are used to alter 

the radiation characteristics (frequency in this case).  

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Proposed Fork Shaped Dipole Antenna 

 

Two slots (S1, S2) of 1 mm length in the lower arms of dipole are introduced to insert the switches 

for frequency reconfigurable operation. The shorter dipole arms of length L3 (6.4 mm) results in 

resonance at higher frequency (5.8 GHz), depending on the status of the switch. Two forks of the 

dipole are separated with a feed gap of G (1.5 mm).The magnitudes of the above resonant lengths 

for the dual frequencies were determined by using the theory of the transmission line model. The 

resonant lengths (L1, L3) for 2.4 and 5.8 GHz bands are optimized in terms of guided wavelength 

λ2.4 GHz and λ5.8 GHz, respectively, which depend on the effective relative permittivity. 

   L1 = L2 = λ2.4GHz/ 4                                         (1) 

  L3 = λ2.4GHz/ 4                                            (2) 

  

The guided wavelength at the resonant frequency is, 
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where, c=Velocity of light (m/s) and fr =Resonating frequency 
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where, e Effective permittivity, r Relative permittivity, t = thickness of substrate (mm), 

w= width of the dipole (mm). 

3 RF-MEMS Switch Design 

Due to their higher linearity and lower signal distortion, MEMS antennas have gained popularity 

when compared to semiconductor devices. MEMS switches are very promising devices as they 

can replace a number of solid state circuits and it will produce better performance in terms of loss, 

linearity, isolation, power consumption, and compatibility with integrated circuits [6]. MEMS 
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devices are ideal for antennas, reconfigurable networks and subsystems. They have very low 

insertion loss and high Q up to frequencies of 120 GHz. They can be integrated on low dielectric 

constant substrates which is important for high performance high efficiency antennas, low loss 

matching networks and tunable filters. It can also offer switching with very low loss and can be 

controlled using 10 to 120K Ω resistive lines which implies that the bias network for RF MEMS 

switches will not interfere and degrade antenna radiation patterns. An important advantage for 

large antenna arrays is that the bias network does not consume any power. It is very important to 

consider the issues like electrostatic discharge sensitivity and hot switching, which happened due 

to high bias voltage or thermal effects. It can permanently damage the switch. Power handling 

capabilities of RF MEMS switches are limited due to self actuation and stiction in the down state 

due to high incident RF power typically in the range of 10’s of mW for ohmic switches and up to 

1W for capacitive switches. MEMS can be employed in many ways to achieve reconfigurability. 

Firstly to change the shape of the effective radiating structure to alter the frequency of operation or 

the radiation pattern. Second one is to actuate the antenna mechanically and change the orientation 

of the antenna with respect to the substrate or another radiating structure. Thirdly, MEMS 

capacitive switches are employed to modify the impedance of the antenna, which changes the 

resonant frequency of the radiating structure. The fourth employs MEMS phase shifters.  

 

 

 

 

 

 
 

       Figure 2: Up State Switch               Figure 3: Down State Switch 

 

The structure consists of a patch antenna loaded with a coplanar waveguide (CPW) section 

attached to the antenna via microstrip. The reconfigurability in the resonant frequency of the 

antenna is provided with the aid of the MEMS bridges acting as a variable capacitor placed on the 

CPW stub. Varying the actuation voltage between the centre conductor and MEMS bridge metal 

alters the height of the bridges on the stub and hence modifies the loading capacitance. Thus, the 

CPW stub with bridges provides a variable load to the connected radiating edge, which results in 

change in the resonant frequency. Figure 2 and Figure 3 represents the up state and down state of 

the RF MEMS switch. The up state capacitance comprises of fringing capacitance and parallel 

plate capacitance as shown in (5) 
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The down state capacitance is obtained using the formula as shown in (6) 
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where A - area of the overlaying bridge, td - thickness of the substrate. 

4 Simulation Results 

The proposed antenna is simulated using HFSS. The amount of power reflected from the antenna 

is given by the parameter called return loss and it is analysed for different states of switching. The 

RF-MEMS switch is designed separately in HFSS and the up state and down state return loss and 

the insertion loss are analysed.  
 

 

 

 

 

Figure 4: S11 (Return loss) of Down State Switch 

 

 

 

 

 

Figure 5: S21 (Insertion Loss) of Down State Switch 

 
It is observed from the results shown in figure 4 and 5 that the RF MEMS switch has return loss of 

about -0.1 dB and insertion loss (S21) of -80 dB in the down state thus exhibiting decent switch 

characteristics, this performance can be further optimized if necessary. 

 

 

 

 

Figure 6: S11 (Return loss) of Up State Switch 
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Figure 7: S21 (Insertion Loss) of Up State Switch 

It is observed from the results as shown in figure 6 and 7, that the RF MEMS switch has return loss 

of about -0.1 dB and insertion loss (S21) of -75 dB in the up state thus exhibiting decent switch 

characteristics. It can be further optimized for good performance if necessary. The switching 

action in down state is the reverse action in up state.  

  

 

 

 

 

Figure 8: Return loss (S11) when both switches are in ON state 

 

The above figure 8 shows that the return loss for the fork shaped antenna when both the 

RF-MEMS switches are in ON state. The antenna resonates at 5.1 GHz and 9.9 GHz with return 

loss of -43.1824 dB and -29.5745 dB respectively 

 

 

 

 

 

 

 

Figure 9: Return loss (S11) when both switches are in OFF state 
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Figure 9 shows the return loss for the antenna when both the RF-MEMS switches are in OFF state. 

The antenna resonates at 3.46 GHz and the return loss is -26.1676 dB. 

 

 

 

 

 

 

Figure 10: Return loss (S11) when switches 1 is ON and switch 2 is OFF 

The return loss for the proposed antenna when switch 1 is in ON state and switch 2 is in OFF state. 

Under this condition the proposed antenna resonates at 2.4 GHz with return loss of -18.6295 dB 

and it is shown in figure 10. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Return loss (S11) when switch 1 is OFF and switch 2 is ON 

 

 
The return loss for the proposed antenna when switch 1 is in OFF state and switch 2 is in ON state. 

Under this condition the proposed antenna resonates at 5.55 GHz with return loss of -39.1418 dB. 

The table 1 shows the operating frequency and the return loss of an antenna in various states. From 

the table 1, it can be inferred that the antenna achieves reconfigurability by varying the 

capacitance of the MEMS Switch. The two switches are placed in the slots of a fork shaped 

antenna. The presence of two switches makes the antenna to achieve reconfigurability in four 

different cases.  
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Table 1: Operating Frequency and Return loss of an antenna in various states 

 

RF-MEMS SWITCH STATES       Frequency 

(GHz) 

Return Loss 

      (dB) Switch 1      Switch 2 

OFF OFF 3.46 -26.1676 

OFF ON 5.55 -39.1418 

ON OFF 2.4 -18.6295 

ON ON 6.1 

9.9 

-43.1824 

-29.5745 

 

The antenna resonates for two different frequencies such as 6.1 GHz and 9.9 GHz with the return 

loss of -43.1824 dB and -29.5745 dB respectively when both the switches are in ON state. It can 

be seen that the antenna resonates at 2.4 GHz or 5.55 GHz when any one of the switch is in OFF 

state. The antenna resonates at 3.46 GHz, when both the switches are in OFF state. 

5 Conclusions 

Cognitive radio is a promising technology that provides freedom to wireless communication by 

taking an advantage of the unused spectrum. To address the problem of spectrum scarcity, 

cognitive radio makes use of reconfigurable antennas. This work demonstrates a fork shaped 

dipole antenna with frequency reconfigurability. The reconfigurability is achieved in the ISM 

bands 2.4-5.8GHz respectively. When both the switches are in ON state the antenna resonates at 

6.1 GHz and 9.9 GHz and the respective return losses are -43.1824dB and -29.5745 dB. When 

switch 1 is OFF and switch 2 is ON it resonates at 5.55 GHz and its return loss is -39.1418 dB. 

Proposed antenna resonates at 2.4 GHz and exhibits the return loss of -18.6295 dB when switch 1 

is ON and switch 2 is OFF. It resonates at 3.46 GHz and the return loss is -26.1676 dB when both 

switches are in OFF state.  MEMS switch model is used to achieve reconfigurability. 
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