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Abstract 

Purpose: This paper presents the design and analysis of rectangular patch antenna that can be 

reconfigured in frequency for the three non-overlapping channels of the 2.4 GHz Wi-Fi. 

Methodology: To achieve this, a patch model in which four Pin diodes are introduced into the 

radiating structure, two operating in switching (ON / OFF) and two others kept blocked 

throughout operation has been proposed. By using as radiating element a copper hob placed on 

a substrate of the FR4_Epoxy type. The so-called CST Microwave Studio simulation software 

was used to simulate the design antenna.  

Findings: It was shown that this rectangular patch antenna resonates at the center frequencies of 

channels 1 (2.412GHz); 6 (2.437 GHz) and 11 (2.462 GH) with an almost uniform radiation 

pattern for different diode configurations. 

Recommendations: To improve the performance of this reconfigurable frequency patch 

antenna, future research must be based on optimizing the radiation parameters for configurations 

where one of the diodes is ON and the other is blocked. 

Keywords: Patch antenna, reconfigurable antenna, reflection coefficient, radiation pattern. 
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1. Introduction  

Wireless communications, mainly using electromagnetics, are omnipresent in our daily life 

(radio, television, mobile telephony, Wi-Fi, Bluetooth, etc…) and have become essential for 

the majority of inhabitants of industrialized and non- industrialized countries, both for their 

professional and private life. This result in a significant presence of electromagnetic waves 

transmitters in our environment. The availability of this ambient energy may be of interest for 

certain low-consumption applications whose frequency bands are mostly used by mobile phone 

frequencies (900 MHz; 1.8 GHz; 2.1 GHz and 2.6 GHz), Wi-Fi (2.4-2.485 GHz) and Wi-Fi 

governed by the 802.11b standard [1]. 

The 2.400-2.4835 GHz frequency band of 2.4 GHz Wi-Fi is divided into 14 channels of 22 

MHz bandwidth [2]. The centers of the said channels are only spaced 5 MHz apart so that they 

partially overlap and that only channels 1, 6 and 11 are sufficiently spaced and can be used 

simultaneously by networks in order to have optimum performance. If two networks use 

channels with overlapping frequencies, one will detect that the other’s signals are interference 

[3] and vice versa. In addition to the overlaps between channels, the 2.4 GHz Wi-Fi band is 

sensible to interference from other networks such as Bluetooth which operates in the same 

frequency band as 2.4 GHz Wi-Fi and to disruptors linked to the transmission channel in free 

space. However, it is important to underline that it is the antenna [4,5] which must ensure the 

best transmission between the terminals, it is also this which conditions the coexistence of the 

systems by radiating selectively in space in order to protect the other systems from interference 

(jamming). Antennas which can be reconfigured in terms of frequencies [6], radiation patterns 

[7] and polarization [8] constitute a promising research theme in various fields of wireless 

telecommunications. It is in this direction that we plan to develop a research activity which 

mainly aims at the design and realization of new antenna topologies that can be used as a basic 

element for 2.4 GHz Wi-Fi, the coverage of which requires 14 channels use of 85 MHz 

wideband antenna. In the literature [9,10], there is a wide variety of types of broadband 

antennas[11] for 2.4GHz Wi-Fi systems, a major disadvantage is their sensitivity to interference 

from channels whose frequencies overlap and to networks operating at the same working 

frequency. A solution making it possible to remedy the shortcomings of covering, by electronic 

control, each of the channels available in the 2.4 GHz Wi-Fi. This makes use of frequency 

reconfigurable antennas first introduced in 1998 [12,13].  

The antenna reconfigurability technique increases the functionalities of a conventional antenna 

by offering it the ability to change one or more of its fundamental characteristics by electrical, 

mechanical or other means, and this according to the needs and the environmental context 

[14,15]. The reconfiguration of the antennas is carried out by modifying the distribution of the 

electric current, consequently the properties of the electromagnetic field and of the impedance, 

therefore the transmission and reception properties, and this in a discrete or continuous manner. 

Printed antennas are widely used for this reconfigurability function [16,17]. This is due to their 

low weight, low manufacturing cost and above all the ease of integration of the microwave 

components within them. Frequency agility is obtained by modifying the electrical length of 

the radiating element. For this, the antenna is charged by active elements whose impedance can 

be controlled electronically, or by components playing the role of switch [18].  

In this paper, a frequency reconfiguration method for the design of a patch antenna on an FR4 

epoxy substrate, dedicated to a 2.4 GHz Wi-Fi application has been proposed. The proposed 

method consists of inserting Pin diodes within the radiating structure in order to obtain, 

according to their states (ON, OFF), an antenna covering channels 1, 6 and 11 of the 2.4 GHz 
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Wi-Fi. The simulation of the said antenna, the output parameters of which are the coefficient 

of reflection and radiation pattern, was carried out using the simulation software CST 

(Computer Simulation Tool) Microwave Studio. 

2. Antenna design  

2.1.     Geometry of the structure 

The patch antenna designed (figure 1) and intended to operate at a frequency of 2.4GHz, is a 

rectangular patch printed on the upper face of a dielectric substrate of the FR4 epoxy type of 

relative permittivity 4.3 and of thickness 1.6, the face of which bottom is completely metallized 

(plan of mass). Four MP4203 Pin diodes (D1, D2 and D) are each inserted into one of the four 

slots created at a distance 𝑑0at each top edge of the radiating structure. Only diodes D1 and D2 

operate in commutation in an ON/OFF configuration while diodes D remain blocked (OFF). 

The figure 1 shows the geometric structure of the proposed antenna.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.   Design of the reconfigurable patch antenna 

The design of the rectangular and frequency reconfigurable patch antenna operating in the 

frequency band between 2.4 and 2.485 GHz is carried out in three stages: 

 The design of the patch whose calculations of geometric parameters are those based 

on the model of transmission lines [19,20] and formulas Schneider [21] and 

Hammerstad [22]. a notch-type impedance matching was adopted for [19].   

 The creation of a slot of width 𝑓𝑒 [23,24] at a distance 𝑑0 of the upper edges of the 

radiating structure. 

 The insertion in the middle of each slot of an MP4203 [25] Pin diode whose equivalent 

model (figure 2) is a series inductor 𝐿 = 0.45𝑛𝐻 with a resistor 𝑅𝑆 = 35𝜴 in the ON 

configuration and a series inductor 𝐿 = 0.45𝑛𝐻 with a parallel circuit consisting of a 

capacitor𝐶𝑇 = 0.08𝑛𝐹 and resistor 𝑅𝑃 = 3𝐾𝜴 in the OFF configuration. Frequency 

reconfigurability consists of making the antenna designed resonate at the central 
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frequencies of the Wi-Fi channels (table 1) according to the ON/OFF states of the 

diodes 

 

 

 

 

 

 

 

 

 

 

 

Table 1 : 2.4 GHz Wi-Fi Channel distribution [2]  

Channel Center frequency Canal Center frequency 

1  2.412 8 2.447 

2 2.417 9 2.452 

3 2.422 10 2.457 

4 2.427 11 2.462 

5 2.432 12 2.467 

6 2.437 13 2.472 

7 2.442 14 2.484 

 

The geometrical and radioelectric data of the reconfiguration patch antenna are presented in 

table 2. 

Table 2 : geometrical and radioelectric data of the reconfigurable patch antenna in mm 

Length patch 𝐿𝑝  28.902 

Width patch 𝑤𝑝 38 

Feed line length 𝑓𝑝  23.39 

Feed line width 𝑤𝑝𝑒 3.137 

Notch length  𝑦0 8.85 

Notch width 𝑥0 1 

Mass plane length 𝐿𝑔 58 

Mass plane width 𝑤𝑔 76 

Slot width 𝑓𝑒 1 

Distance from top edges  of patch 𝑑0 6.9 

2.3.       Parameters of antenna 

The expressions of the radiation pattern, of gain and the coefficient of reflection of the 

rectangular traversed by a sinusoidal current of amplitude 0I  are the following: 

 

Figure 2: Equivalent Model of Pin diode                                     

    (a) Model OFF: (b) Model ON 
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Radiation pattern of the antenna; 
max( , ) /U E E     

where
04 sin ( sin sin ).cos( cos sin )cos

4 2 2

jkr

P P
P

w Le
E jk I w c k k

r
     





   is the 

electric field and maxE  its maximum value, 𝑗 is a complex number, 2 /k    is the number 

of wave,   is the wavelength, 𝑟 is the distance between the center of the system and the point 

of observation in direction (𝜃,𝜑), 𝜃 is the elevation, 𝜑 is the azimuth,  

Coefficient of reflection of the antenna:    0 0/in in inZ Z Z Z     

where in in inZ R jX  is the impedance of an entry of the antenna and constitutes of an active 

and reactive part; 0 50Z    

3. Results and discussion  

This section presents the simulation results of the proposed frequency reconfigurable patch 

antenna. The parameters evaluated are the coefficient of reflection and the radiation pattern 

according to the ON/OFF state of the diodes D1 and D2. The coefficient of reflection will make 

it possible to evaluate the frequency tunability [26] and adaptability [27] of the designed 

antenna. 

3.1.    Coefficient of reflection 

Figure 3 presents the coefficient of reflection in entry of the frequency reconfigurable patch 

antenna in configuration where diodes D1 and D2 are all OFF. Taking into consideration this 

figure, it resounds to 2.4132 GHz, corresponding to the center frequency of Wi-Fi 2.4 GHz 

channel 1. This coefficient of reflection is -19.94058 dB and shows that this antenna is adapted 

to the frequency of 2.4132 GHz.  

Figure 4 presents the coefficient of reflection in entry of the frequency reconfigurable patch 

antenna in configuration where diodes D1 OFF and D2 ON. Taking into consideration this 

figure, it resounds to 2.4372 GHz, corresponding to the center frequency of Wi-Fi 2,4 GHz 

channel 6. This coefficient of reflection is -16.0364dB and shows that this antenna is adapted 

to the frequency of 2.4372 GHz.  

Figure 5 presents the coefficient of reflection in entry of the frequency reconfigurable patch 

antenna in configuration where diodes D1 ON and D2 OFF. Taking into consideration this 

figure, it resounds to 2.4624 GHz, corresponding to the center frequency of Wi-Fi 2,4 GHz 

channel 11. This coefficient of reflection is -16.0364dB and shows that this antenna is adapted 

to the frequency of 2.4624 GHz.  

Figure 6 summarizes the variation curves of the coefficient of reflection of antenna designed 

for different configurations of the Pin diodes. It is noted that:  

 A better frequency tenability [28] of 2.03% proof that, for different configuration 

of the Pin diodes, the antenna resounds almost at the center frequency of channels 

1, 2 and 6;  

 Each 11 10S dB  proof that the designed antenna is perfectly adapted for 

millimeter wave communication devices [29]. 
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Figure 3: Coefficient of reflection 
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Figure 4: Coefficient of reflection 
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Figure 5: Coefficient of reflection 
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Figure 6: Coefficient of reflection for different 

configurations of the Pin diodes. 

 D1 and D2 all OFF in red (channel 1), D1 

OFF and D2 ON in green (channel 6), D1 ON 

and D2 OFF en blue (channel 11) 
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3.2.  Radiation pattern 

Figure 7 presents the radiation patterns of antenna in polar co-ordinates in the vertical plane (

90   ) where the diode D1 and D2 are all OFF. A gain of 4.12 dB in the main lobe direction 

at 0.0 ° and for a maximum side lobe level equal to -12.6 dB are obtained. The analysis of these 

numerical results has shown that with this configuration of the diodes, this antenna is indeed 

intended for Wi-Fi applications 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 presents the radiation patterns of antenna in polar co-ordinates in the vertical plane (

90   ) where D1 OFF and D2 ON. We obtain a gain of 2.24 dB in the main lobe direction at 

0.0°, for a maximum level of secondary lobes equal to -12.6 dB. The analysis of these numerical 

results has shown that with this configuration of the diodes, this antenna is indeed intended for 

Wi-Fi applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Channel 6 

Figure 8: Radiation pattern (channel 6) D1 OFF and D2 ON 

Radiation pattern (phi =90°) 

 

Figure 7: Radiation pattern (channel 1) D1 and D2 all OFF 

 

Channel 1 

Radiation pattern (phi = 90°) 
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Figure 9 presents the radiation patterns of antenna in polar co-ordinates in the vertical plane (

90   ) where D1 OFF and D2 ON. We obtain a gain of 1.7 dB in the main lobe direction at 

0.0°, for a maximum level of secondary lobes equal to -12.6 dB. The analysis of these numerical 

results has shown that with this configuration of the diodes, this antenna is indeed intended for 

Wi-Fi applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 compares the radiation patterns of antenna in polar co-ordinates in the vertical planes 

( 90   ). We note that the different diagrams obtained have exactly the same shape for 

different configurations of diodes D1 and D2. The comparative data of the electrical and 

radiation (gain) characteristics for different Pin diode configurations are summarized in table 

3. The analysis of the numerical results has shown that the radiation patterns have exactly the 

same shape for different Pin diode configurations. This justifies that our antenna cannot 

reconfigured in radiation pattern but in frequency. However, we note a relatively low gain if 

one diode is ON the other is blocked. This is due to the position of ON diode (inductive load) 

in relation to the feed line.  

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Radiation pattern (channel 11) D1 ON and D2 OFF 

Radiation pattern (phi = 90°) 

Channel 11 

 

Radiation pattern (phi=90°) 

Figure 10: Comparison of the radiation pattern D1 and D2 all OFF in red (channel 1), 

D1 OFF and D2 ON en green (channel 6), D1 ON and D2 OFF en blue (channel 11) 
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Table 3: Summary results for different configurations of the frequency reconfigurable patch 

antenna. 

D1 D2 Resonant frequency (GHz) Coefficient of reflection (dB) Gain (dB) 

OFF OFF 2.4132 -19.940583 4.42 

OFF ON 2.4372 -16.036429 2.24 

ON OFF 2.4623 -14.924516 1.7 

4.    Conclusion 

Thus, a frequency reconfigurable patch antenna for Wi-Fi applications at 2.4 GHz in order to 

avoid inter-channel interference is designed. Characteristics such as gain, reflection coefficient 

and radiation pattern of this antenna were analyzed. This reveals on the one hand that the 

designed antenna resonated at the center frequencies of channels 1, 6, and 11 of the 2.4 GHz 

Wi-Fi for different states of the diodes Pin and uniformity of the radiation patterns whatever 

the state on the Pin diodes on the other hand. The ON states of the Pin diodes degrades the gain. 

Finally, it is clear that the design of a frequency reconfigurable patch antenna is a compromise 

between the level of adaptation, a better frequency tenability of the antenna and the radiation 

characteristics in terms of gain. 

Recommendations: The current trend is converging towards broadband networks. The 

designers of radiating systems must develop tools to improve the radiation parameters for 

different ON/OFF states of the diodes of the frequency reconfigurable patch antenna. The 

introduction of parasitic elements around the radiating structure is possible to increase the gain 

of the antenna. 
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