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Abstract: 

 In this project, antenna reconfiguration is done using a improved & effective technique or method . Conventional antennas operate 

at a specific frequency range hence that is  designed for particular applicat ion and we cannot operate it on multip le frequencies. 

Prior to conventional antennas, reconfigurable antennas discussed in this paper operat e at different frequency ranges. It improves 

the performance as it uses single antenna structure to operate at multip le frequencies.  For this, here we used frequency 

reconfiguration techniques i.e. PIN diode switching due to which it can switch among different frequency band. HFSS software is 

used for simulat ion and analysis . 
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I. INTRODUCTIO N  
 

With increase in number of wireless communication system 

and development of modern satellite communication, 

especially in case of MIMO system, many applications requires 

integrated, adaptive, mult ifunctional terminals. Reconfigurable 

antenna represents recent innovations in antenna design that 

dynamically changes frequency, pattern polarization to 

modifiable structures that can be adapted. The new technique 

of PIN diode is used as the switching device. There are various 

reconfiguration parameters such as frequency, polarization, 

radiation pattern, input voltages and compound patterns. Here 

we are implementing frequency reconfigurable antenna. 

Because it is probably easy feature to reform. It switches the 

frequency from one to another. This frequency switching can 

be done by using PIN diode switching circuitry. PIN d iodes are 

having advantages of less insertion loss, provides better  

isolation, and power handling capacity of PIN diode is high and 

low cost. In case of pattern reconfiguration, it is related to 

radiation pattern of individual antenna and we cannot change it 

in different ways. Polarization reconfigurability demonstrated 

by linear polarization (LP) or circular polarizat ion (CP).  The 

microstrip antennas are used for simulating the reconfigurable 

antenna in software tool. HFSS is used for getting simulation 

results. The patch antennas provide advantage of light weight, 

less size, low fabrication cost, capable of dual and triple 

frequency observation. The main aim is to compact size of 

antenna hence we use patch antenna. Here we analyze the 

simulated results in HFSS software, and we get return loss of 

less than -10dB shows antenna efficiency. The frequency 

tuning is achieved by inserting switches and depending on the 

status of switch the range of frequency operation is selected. As 

we compare MEMS switches with PIN diode, PIN diode 

switch finds efficient as it is having high switching speed, high 

power handling capability, very reliable since there are no 

moving parts and low cost. On the other hand MEMS switch 

circuitry contains mechanical movable parts, less switching 

speed hence we use PIN d iode switch for tuning frequency of 

antenna. For design of reconfigurable antenna we use 

microstrip patch antenna. Microstrip antennas are planar 

resonant cavity that leak from their edges and radiate EM 

waves. It consists of radiating patch on one side of a dielectric 

substrate having a ground plane on other side. The basic patch 

antenna is as shown in fig.1 below. 

 

 
Figure.1. Basic patch antenna 

 

The patch acts as a resonant cavity there are short circuit walls 

at the top and at the bottom open circuit walls exist. There are 

only specified modes are allowed for different frequencies 

inside the cavity. If antenna is excited at a resonant frequency 

a strong field is set up inside the cavity, and a strong current 

on surface of patch. This produces significant radiat ion. 

 

A. Advantages 

• Light in weight and less volume.  

• Low profile planar configuration  

• Less fabrication cost due to which it can be manufactured 

under large volumes.  

• linear and circu lar polarizat ion both are supported. 

• Can be easily equipped with microwave integrated circuits  

• Can perform operation of dual and triple frequencies.  

• Provides Mechanical robustness when mounted on rigid 

surfaces.  

 

II. DES IGN O F ANTENNA  

 

For designing Microstrip reconfigurable antenna we have to 

first select the proper substrate material. Here we use FR-4 as 

a substrate. Rogers’s material fo r PCB that is FR-4 material 

provides the base standard for the PCB substrate, it deliver a 

effective maintenance of cost, various electrical properties, 

manufacturability, performance and durability.  
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A substrate having a high dielectric constant is to be selected 

so that antenna dimensions are reduced. In order to increase 

radiated power a low value of dielectric constant should be 

selected 

 
B. Design Specifications 

There are three necessary parameters for designing of a 

rectangular Microstrip Patch Antenna: 

 

 Operating Frequency (fo): Appropriate Resonating 

frequency of the antenna is first selected.  The antenna is 

designed in a manner such that it must be satisfy the operating 

range of frequency I have selected the resonant frequency 

selected for my design as 2.4 GHz. 

 Dielectric constant of the PCB substrate (εr): The 

dielectric material is selected as FR4 for our design which is 

having a dielectric constant of 4.4. High dielectric constant 

substrate has been selected because it reduces the antenna 

dimensions 

 Dielectric substrate height (h): In case of microstrip 

patch antenna to be used in mobile Phones, the essential factor 

is the weight of that the antenna. Hence, we select 1.6 mm the 

height of the dielectric substrate. Hence, the parameters that 

are necessary for the design are: 

 

fo = 2.4 GHz 

εr = 4.4 

h = 1.68mm 

 

1)  Calcu lation for 2.4GHz frequency 

Step 1: Calcu lation of the Width of antenna (W): 

Microstrip patch antenna’s width (W) is given as: 

 

W=
 

     
      

 

         (1) 

 

Substituting c = 3.00e+008 m/s, effective dielectric εr = 4.4 

and resonance frequency fo = 2.4 GHz, we get:  

W = 38.036mm 

 

Step 2: Calcu lation of Effective d ielectric constant (εreff): 

The formula for calculat ion of effective dielectric constant is:     

 

       
      

 
 

    

 
     

 

 
 

 

 
           (2) 

 

Substituting εr = 4.4, W = 38.036 mm and h = 1.6mm 

 we get: 
εreff = 4.085 

Step 3: Calcu lation of the Effective length ( Leff): 

The effective length is: 

 

Leff=
 

                                                           (3)  

 

Substituting εreff = 4.085, c = 3.00e+008 m/s and fo = 2.4 

GHz 

 We get: 
Leff = 30.92 mm 

Step 4: Calcu lation of the extending length (ΔL): 

The extension length is: 

 

    
                    

 
        

              
 

 
     

             (4) 

  

Substitute εreff = 4.085, W = 38.036mm and h = 1.68 mm we 

get: 

ΔL=0.7388 mm 

Step 5: Calcu lation of actual patch length (L): 

 The actual length is obtained by: 

 

L=                           (5) 

Substitute Leff = 30.92 mm and ΔL = 0.7388 mm  

we get: 

L = 29.44 mm 

Step 6: Calculat ion of the dimensions of ground plane (Lg and 

Wg): 

The transmission line model is applicable only for infin ite 

ground planes. However, for practical considerations, there is 

necessity of finite ground plane. It has been shown by that 

similar results for fin ite and in order to obtain in fin ite ground 

plane size of the ground plane should be greater than the patch 

dimensions by approximately the multiple of six times the 

substrate thickness all around the periphery. Hence ground 

plane dimensions for the proposed design would be given as: 

 

Lg = 6h + L 

              = 6(1.6) + 29.44 

                   = 39.04  mm 

     

 Wg = 6h + W  

               = 6(1.6) + 38.036 

             = 47.636 mm 

 

III. S YS TEM DEV ELOP MENT  
 

1. SYSTEM FLOW 

 

Figure.2. S ystem flow 

2. HARDWARE DESIGN 

3. SOFTWARE DESIGN 
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Proposed antenna structure designed in HFSS software is as 

shown in fig. 3 In order to generate radiation a space or the 

environment for the patch antenna is created by inserting an 

air box around antenna. An air box has to be inserted in to 

model open space due to which the radiation from the 

structure is not reflected back and totally absorbed. Hence 

rectangular patch antenna design is enclosed in an air 

container in order to achieve reconfiguration. 

 

 
Figure.3.The proposed design of antenna with air box in 

HFSS 

 

IV.S IMULATION RES ULTS  

 

The simulation of microstrip patch reconfigurable antenna is 

done using HFSS software using PIN diode depending on the 

status of PIN diode i.e . on/off the resonant frequency is 

resonated. Fig 4 shows the simulated results of rectangular 

patch antenna. The two resonant frequencies designed are 

1.36GHz and 1.4 GHz as shown in fig. below. The return loss 

for 1.36GHz is -26.62dB and for 1.4 GHz frequency is -

48dB.Hence we are getting two resonating frequencies using 

PIN d iode structure. When diode is in ON state frequency of 

1.36GHz is selected and when it becomes OFF automatically 

it switches to 1.6GHz frequency. 

 

 
Figure.4. Result of S11 parameter  

 

 
Figure.5. Simulation Result of VSWR for designed 

Antenna 

As we compare the gain measured we conclude that antenna 

with reflector is having higher gain than it is achieved by 

antenna without reflector. VSW R structure for the designed 

antenna is shown in fig. 5 

 

The designed microstrip patch antenna is simulated using 

HFSS software the desired two frequencies of 1.36GHz and 

1.6GHz with VSWR values of 1 and 1.1respectively are 

achieved. 

 

V. CONCLUS IONS 

 

The proposed antenna design is having resonant frequencies as 

1.36GHz and 1.6GHz with VSW R values of 1 and 1.1 

respectively. The antenna is simulated using HFSS software 

tool which is efficient one. The proposed antenna is having 

compact structure and provides easy integration and 

fabrication with other components of microwave 

communicat ion. Comparing the measured results with 

simulated results provides very good agreement.  
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