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Abstract-This white paper describes the design and 

analysis of antennas for WIMAX, ISM (industrial, 

scientific and medical) band and X-band microwave 

sensor applications. The design antenna is built on a 

polyamide substrate with a restricted ground plane with 

compact dimensions of 27.5 x 8 x 0.6 mm. The product 

antenna captures microwave signals applicable to 

WIMAX, ISM, &WALN, and X-band in adjustable 

frequency ranges of 3.2-3.9, 5.1-6.5, and 8.2-12 GHz 

respectively. The proposed antenna has excellent 

impedance matching, high gain and omnidirectional 

radiation pattern. 

 

Index Terms CDAC. IoT. Reconfigurable antenna, PIN 

diode. 

1.INTRODUCTION 
 

An antenna is a device that is designed to transmit or 

receive electromagnetic waves. It is a key component 

of any wireless communication system and is 

responsible for converting electrical signals into 

electromagnetic waves and vice versa. Antennas can 

come in various shapes and sizes, depending on the 

application and frequency range they are designed to 

operate in. Some common antenna types include 

dipole antennas, patch antennas, horn antennas, 

parabolic reflector antennas, and helical antennas, to 

name a few. Antennas can be used for a wide range 

of applications, including wireless communication, 

television and radio broadcasting, radar systems, 

remote sensing, satellite communication, and even 

medical devices. The performance of an antenna 

depends on several factors, including its gain, 

bandwidth, radiation pattern, and impedance 

matching. Antenna designers must carefully consider 

these factors to optimize the performance of the 

antenna for its intended use. Overall, antennas play a 

critical role in wireless communication systems, and 

their design and optimization are essential for 

achieving reliable and efficient communication. 

2.ANTENNA GEOMETRY 
 

2.1 Basic antenna 

Construction of the proposed antenna geometry 

layout started with a square structure with a partial 

ground plane (plane 1 in corresponding reflection 

coefficient is shown in Fig. 2. In the next level (level-

2), the design is modified by inserting a horizontal 

rectangular slot in the square patch, and this results in 

the upper strip got separated from the remaining 

segment of the patch. By inspiring the features of 

beveled structure such as impedance matching and 

reduction of return loss, further, level-2 is modified 

by removing another rectangular portion in the lower 

segment of the radiating patch. The entire slot 

structure is looking like bevelling with asymmetric 

dimensions. This is implemented, expecting that the 

beveled slotted structure could provide proper 

impedance matching as in by minimizing the 

reflections of the surface currents. The geometry of 

the proposed antenna is presented in Fig. 1(b). The 

antenna design consists of a 27.5x8x0.6 mm3 

substrate and square-shaped patch with a partial 

ground plane. The antenna’s dimensional 

characteristics are shown in Table 1. The polyimide 

substrate is used in antenna design. This substrate 

material has the exceptional combination of thermal 

stability ([500>C}), mechanical toughness, chemical 

resistance, lower coefficient of thermal expansion; 

also, it ensures the antenna with a small form factor 

useful for easier integration into compact IoT 

modules.  

The proposed antenna is simulated using the CST 

Microwave Studio 2019 full-wave electromagnetic 

solver. The simulated reflection coefficient of the 

proposed antenna with its designed evolutions 

(Level-1, Level-2, and Proposed antenna) is shown in 

Fig. 2. In level-1, the reflection loss across the 
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frequency sweep is high, whereas, in level-2, the 

horizontal slot etching in the radiating patch 

introduced an operating band between 7–9.5 GHz. 

Further, the beveled slot has added to an additional 

operating band near 3.8, 5.9 GHz, and the initial band 

(of level-2) shifted to the 9–12 GHz region. 
 

2.2 Reconfigurable antenna 

A frequency reconfigurable antenna (FRA) is an 

antenna that is designed to operate over a wide 

frequency range and can be dynamically adjusted to 

operate at specific frequencies within that range. 

These antennas can adjust their resonant frequency 

by changing their physical dimensions or by using 

electronic means, such as by altering the capacitance 

or inductance of the antenna. Frequency 

reconfigurable antennas are becoming increasingly 

important in modern wireless communication 

systems as they provide the ability to adapt to 

changing frequency bands and optimize the 

performance of the antenna for specific applications. 

These antennas can be used in a wide range of 

applications such as wireless communication, 

military systems, satellite communication, radar 

systems, and medical devices. One of the key 

advantages of FRA is their ability to switch between 

frequency bands without the need for multiple 

antennas, which can reduce the cost and complexity 

of a system. Additionally, FRA can be designed to 

have low profile and conformal shapes, making them 

suitable for integration into compact and portable 

devices. 

Overall, frequency reconfigurable antennas offer a 

flexible and adaptable solution for a wide range of 

wireless communication applications, and their 

importance is expected to grow with the increasing 

demand for high-performance and versatile wireless 

systems. 

 
(a) 

Fig. 1 a Antenna 

 
(b) 

Fig. 1 (a) Antenna Iterations (b) Proposed antenna 

front and back view 

Iterations Proposed antenna front and back view 

The whole structure of the reconfigurable antenna, 

which is integrated with PIN diodes, is shown in Fig. 

3(a). The PIN diode equivalent circuit is shown in 

Fig. 3(b). The structure is composed of one RF-Port, 

and two diodes D1, D2 are placed at suitable 

locations between the gaps existing in the parasitic 

rectangular strip and the arms of the beveled slotted 

patch. The frequency reconfigurability is 

accomplished by using the PIN diodes’ switching 

state, and thus, without increasing the antenna size, 

multi-functional features are expected to be obtained. 

To achieve frequency reconfigurability, two BAR64-

02v numbered PIN diodes are used as switching 

elements. A 2.1 X resistor is used in forward biased 

conditions, as per the datasheet, and a 3.9 killo ohm 

resistor and 0.13 pF capacitor are used in parallel in 

the reverse bias as per the equivalent circuit shown in 

Fig. 3(b). The magnitude of the reflection coefficient 

of the reconfigurable antenna S11 parameters. 

parameters Dimensions(mm) 

Length of substrate 27.5 

Width of substrate 8 

 length of Feedback  12 

Width of feedback 3 

Length of patch 27.5 

Substrate length  16.5 

Circle length  2 

Circle width 2 

Height of antenna 27.5 

Table 1: Antenna dimensional characteristics in mm 
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Fig.2 The far filed regions of the antenna for both  

 

 
simulated and measured at (F=1), (F=6.5) and(F=12) 

GHZ 

 

3.Far-Field Regions 

The region furthest from the antenna is dominated by 

radiated electromagnetic fields and is called the far-

field region or the Fraunhofer region. This region is 

immediate to the radiative near-field region 

 

The far-field region can be defined by the following 

equation:  

 
In this region, the radiation pattern of an antenna is 

independent of the distance from the antenna. The 

radiation effect is greater in the far-field region, as 

the electric and magnetic fields are orthogonal to 

each other and the direction of propagation is similar 

to plane waves.  

 
(a) 

Fig 3 (a): 6.5GHz resonant frequency (Gain of the 

Antenna) 

 
(b) 

Fig.3(b): 12 GHz resonant frequency (Gain of the 

Antenna 
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Fig.4 simulated and measured reflection coefficient 

As we design a triple band antenna, we occur three 

different bands at 2.5,4.08,8.8GHz along with -

21.0db, -21.7db and -18.51db. 

The antenna is design by using Cst micro wave studio 

in the first frame we take ground and we attached the 

patch to the antenna. After we simulating results and 

we import the pin diodes for the antenna which is 

above mention. finally, we again simulated the 

antenna under different conditions various on off 

conditions. 

5.HARDWARE RESULTS 

 

In this we seen the fabrication antenna using 

polyamide substrate why we used this polyimide 

substrate because of the substrate have the high 

stability (>500) because it can be used in different 

temperatures conditions 

 

Fig 5(a) Fabrication of antenna 

 
Fig 5(b) Reflection coefficient of fabrication 

antenna(s11) 

 
Fig 6 (a) D1-OFF-D2-OFF 

 
Fig.6(b) D1-ON-D2-OFF 

 
Fig.6(C) D1-ON-D2-ON 
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Fig.6(D) D1-OFF-D2-ON 

Fig .6 (a-d) The reflection coefficient of the antenna    

for both simulated and measured in four biasing case 

of pin diodes 

In this way we have four different conditions in these 

conditions we have shifts the frequency according to 

the didoes on/of conditions on all cases we occur the 

good radiation pattern and high gain & VSWR. 

 

CONCLUSION 

 

A frequency reconfigurable antenna is presented. 

This antenna has very good performance in terms of 

VSWR, gain and radiation pattern. This is shown 

above. 
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