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A B S T R A C T  
 

 

A low-profile frequency reconfigurable L-shaped printed antenna operating in microwave frequency 
band is presented in this article. The proposed antenna is fabricated on FR4 material having δ of 0.02, 

relative permittivity of 4.4 and thickness of 1.6 mm. HSCH 3486 PIN diode is inserted in between the 

feed line and the L-shaped structure for switching. The proposed antenna is resonating at 3.5 GHz and 
6.6 GHz and offered an impedance bandwidth of 0.9 GHz and 3.5 GHz. Voltage standing wave ratio of 

the antenna is less than 1.5 at both the resonating frequencies. Efficiency of the designed antenna is 87% 

and 3 dBi gain of the antenna is 4.61 dBi. The proposed antenna is simulated by utilizing finite element 
method tool Ansoft HFSS v13 and the simulated results are experimentally validated. Due to its compact 

size the proposed antenna can be used for 5G-sub-6GHz and ISM band, X-band satellite communication 

applications. 

doi: 10.5829/ije.2025.38.11b.02
 

 

Graphical Abstract 

 
 
 

1. INTRODUCTION1 
 
The demand for compact devices and the development of 

new technologies such as 5G and the Internet of Things 

(IoT) have led to a significant increase in interest in 

multifunctional antennas during the past ten years. The 
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advantages of reconfigurable antennas have made them 

widely known. By displaying switching frequency, 

polarisation and radiation patterns using different 

approaches, these antennas can replace several antennas 

(1, 2). Reconfigurability is achieved through the 

widespread usage of RF-PIN diodes, optical switches, 
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microfluids, meta-surface, Micro Electrical and 

Mechanical Switches (MEMS) and electrically phase 

change materials (3, 4). The majority of reported works 

on the various kinds of antennas proposed for sub-6-GHz 

applications are related to reconfigurable antennas, 

where researchers extensively studied the RF-PIN diode 

for frequency reconfigurability to achieve single band, 

dual band and multiple band reconfigurable operations 

(5-17). A wideband antenna for Long-Term Evolution 

(LTE) and Wireless Wide Area Network (WWAN) 

applications was designed by Jin et al. (5). The antenna 

has a simple design and performs well across a large 

operational band. Nevertheless, the antenna has number 

of disadvantages, such as larger size, poor gain and lack 

of reconfigurability. For ISM and 5G-sub-6-GHz 

applications, a compact wideband monopole antenna is 

transformed into a tri-band antenna by Feng et al. (6).  

The antenna does not permit frequency 

reconfiguration, despite having a small size and flexible 

features. Similarly, another antenna covering WLAN and 

5G-sub-6-GHz was introduced by Zhao et al. (7)using the 

proximity-coupling feed. On the other hand, the 

complicated antenna design of the proposed antenna 

consists of two substrates that are separated by an air gap. 

It is recommended to use a number of single band 

frequency reconfigurable antennas in the frequency band 

spectrum range of 2–4.5 GHz (8-12). The antennas 

described in  [8–10] feature many layered structures that 

lead to greater thickness and structural complexity, even 

though they give very high gain characteristics. Despite 

their small size, the work presented antennas by Tutuncu 

and Kösem, (11) and Ali et al. (12) have a relatively 

narrow bandwidth, which means that modern electronics 

operating in broader frequency spectrums cannot use 

them. 

For LTE and Wireless Local Area Network (WLAN) 

applications, antennas with frequency reconfigurable 

features are shown by Kiani et al. (13) and Hasan and 

Islam (14). Three PIN diodes were added to a traditional 

rectangular patch antenna in order to switch the operation 

and enable wideband operation using Defected Ground 

Structure (DGS) [13]. Two pin diodes, asymmetric feed 

and various kinds of slots are used by Hasan and Islam 

(14) to provide frequency reconfigurability. Single and 

dual band operating bandwidths of these antennas are 

constrained, despite their compact and simple form. A 

dual-band to quad-band and a dual-band to tri-band 

frequency reconfigurable antenna were introduced by 

Ahmad et al. (15, 16). Both of these antenna designs have 

limitations due to their restricted bandwidth, intricate 

geometric structures and limited number of operational 

modes, although covering a wide range of frequencies. 

Furthermore, the antenna described by Ahmad et al. (15) 

has the disadvantage of having greater dimensions. A 

flexible frequency reconfigurable antenna for sub-6 GHz 

applications was introduced by Shehata et al. (17). This 

work presents two dual-band and wideband operational 

modes with a simple design. Nevertheless, its dimensions 

are greater and its operating bandwidth is smaller.  

Various substrate materials were studied for sub-6 

GHz range in literature (18-22). Unfortunately, a number 

of disadvantages were incorporated into the ground plane 

(23), which affects the antenna's radiation performance. 

A double-layered meta-surface antenna with better 

isolation and gain was suggested by Naveen Kumar et al. 

(24) for the sub-6 GHz 5G spectrum. While taking up 

more substrate space, the simulated antenna design 

complexity was high. Reconfigurable antenna designs 

were published by Majji et al. (25) for 5G systems 

operating at sub-6 GHz. To accomplish reconfigurability, 

however, the antenna designs examined by 

Madhavareddy et al. (26) and Govardhaniet al. (27) 

requires a large number of active elements (2/4 RF PIN 

diodes). For the upper 5G application band, a quad-port 

log-periodic dipole antenna array with epsilon around 

zero metamaterial was studied by Kumar Kusumanchi 

and Pappula (28), Soltan and Neshati (29). 

This research proposes a compact frequency 

reconfigurable antenna to address the aforementioned 

issues. Antenna design consists of an L-shaped patch and 

a PIN diode has been utilized to attain frequency 

reconfigurability. The work that is being presented 

demonstrates an effective combination of small size, 

simple geometric configuration, large operational region 

and reasonable gain. This is how the remaining part of 

the paper is structured. The theoretical analysis and 

design process of the proposed antenna are presented in 

section 2. Section 3 describing the discussion of the 

performance parameters and concluding the paper with 

section 4. 

 

 

2. DESIGN METHODOLOGY 
 
2. 1. Reconfigurable Antenna               The L-shaped 

printed antenna is designed by utilizing FR4 material 

having δ of 0.02, relative permittivity of 4.4 and thickness 

of 1.6 mm. The proposed antenna consists of a L-shaped 

patch united by a 50 Ω microstrip transmission line, a 

rectangle has been subtracted from the ground plane to 

attain a wider bandwidth and high gain. The simulations 

of the L-shaped printed antenna were performed by 

utilizing finite element method Ansoft HFSSv13. The 

antenna occupies the dimensions of 0.47λ0 x 0.47λ0 x 

0.0185λ0. The mathematical formula that were utilized 

while designing the L-shaped printed antenna are 

represented below (30-35). 
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where fr is the resonant frequency, ℇr is the relative 

permittivity of the substrate, h is the thickness of the 

substrate, L and W are length and width of the patch. 

Width of the patch is calculated by using Equation 1 and 

length of the patch is calculated by using Equation 2. Zc 

is the characteristic impedance of the antennaand is 

obtained by using Equation 4.  

Figure 1 represents the evolutionary stages of the L-

shaped printed antenna. The evolutionary process of the 

antenna was investigated by utilizing Ansoft HFSSv13. 

At first a monopole antenna has been designed with a 

dimension of 18 x 4.8 mm2. There after two rectangles 

with a length of 8 mm and width of 1 mm has been united 

to form a L-shaped printed antenna with a full ground 

plane. In step 3 a rectangle having a length of 40 mm and 

width of 7 mm has been subtracted from the ground plane 

to attain wider bandwidth and high gain. 

Figure 2 represents the S11 of the antenna at different 

evolutionary stages. In step 1 the monopole antenna is 

resonating at 3 GHz with S11 of -25 dB suitable for sub-6 

 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1. Evolutionary process of the Reconfigurable L-

shaped printed antenna (a) Step 1 (b) Step 2 (c) Step 3 (d) 

3D view of the proposed antenna 

 

 

GHz applications. In step 2 the monopole antenna is 

attached with a rectangle forming an L-shape and the L-

shaped printed antenna is also resonating at 3.2 GHz 

suitable for sub-6 GHz applications. In step 3 two 

rectangles has been subtracted from the feed line to attain 

reconfigurability. Step 3 antenna is resonating at 3.5 GHz 

(3.1-4.0 GHz) with S11 of -25.1 dB suitable Sub-6 GHz 

bands covering N78 band. Figure 3 represents the top 

view and bottom view of the reconfigurable L-shaped 

printed antenna along with its dimensions. Figure 4 

represents the photograph of the proposed antenna 

attained by utilizing chemical etching. 

 

 

 
Figure 2. Reflection Co-efficient of the antenna at different 

evolutionary stages 
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Figure 3. Reconfigurable L-shaped printed antenna 

 

 

 
(a) 

 
(b) 

 
(c) 

Figure 4. Photograph of the Reconfigurable L-shaped 

printed antenna (a) Top plane (b) Bottom plane(c) 

Measurement setup 

2. 1. Analysis of PIN Diode                PIN diodes are 

used in microwave and ultrahigh frequency applications. 

Similar to a variable resistor in RF and microwaves, its 

bias current directly regulates its frequency (11). 

Moreover, the PIN diode requires a significantly smaller 

amount of control power to regulate high RF signal 

strengths (12). The low resistance Rs of the equivalent 

circuit in the ON state is what causes forward biassed. All 

of the values needed for the circuit models are included 

in the data sheets that the manufacturers provide for each 

PIN diode. The application of the PIN diode in HFSS 

with lumped RLC values is shown in Figure 5. L is the 

first component, while the second is either a shunt 

combination of Rp and Cp for the OFF state, or Rs for the 

ON state. These diodes are utilized to offer a high degree 

of frequency band reconfiguration dependability. 

 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5. HSCH 3486 PIN Diode (a) Diode ON condition 

(b) Diode OFF condition (c) Biasing Circuit (d) HFSS model 
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HSCH 3486 PIN diode has been utilized for 

switching and the RF behaviour of a PIN diode is often 

similar to a variable resistor. These diodes operate at a 

frequency range from 10 MHz to 10 GHz. The resonant 

frequency of the antenna varies when the PIN diodes are 

utilized. There are open and short-circuit behaviours in 

these PIN diodes. Figure 5 presents the equivalent 

circuits for PIN diode switches in both the ON and OFF 

modes. The circuit consists only of an inductor (L) and a 

low-value resistor (RL) while it is in the "ON" position. 

A capacitor ("C") is connected in parallel with the 

remaining three parts, and a high-value resistor ("RH") is 

connected in series with an inductor. The manufacturer's 

data sheet states that the RLC boundary values of the 

diodes in the HFSS are L = 0.3 nH and Rs = 20 Ω while 

the diodes are in the ON state, and Rp = 244 Ω and Cp = 

0.01 pF when they are in the OFF state. Figures 6 and 7 

represents the parametric analysis of the antenna during 

the ON and OFF conditions of the diode. By varying 

width of the feed line a significant return loss has 

obtained when length and width of the rectangles was 

1mm and has attained at a frequency range from 3.1 GHz-

4 GHz (Diode ON) and 5.6 GHz-9.1 GHz with a return 

loss of -25 dB and -24 dB. 

 

 
3. RESULTS AND DISCUSSIONS 
 

MS2037C Anrtisu Combinational Analyzer has been 

utilized to measure the antenna parameters. A 

commercial far-field measurement system in a shielded 

RF anechoic chamber is used to measure the antenna's 

far-field properties. The proposed antenna was measured 

as a receiving antenna and the horn antenna (SGH-series) 

with a typical gain of 24 dBi is used as a transmitter. 

Stable power reception was achieved by the use of power 

amplifiers. The far-field results are measured by rotating 

 

 

 
Figure 6. Parametric Analysis of the Reconfigurable L-

shaped printed antenna by varying feed width (Diode ON) 

 
Figure 7. Parametric Analysis of the Reconfigurable L-

shaped printed antenna by varying feed width (Diode OFF) 

 
 

the antenna 3600. In a shielded RF anechoic chamber, the 

antenna's properties are measured using a commercial 

far-field measurement device. The proposed antenna was 

measured as a receiving antenna and the horn antenna 

(SGH-series), which has a standard gain of 24 dBi is used 

as a transmitter. S11 is the most important parameter that 

has to be measured for any RF device. S-parameters and 

VSWR of the antenna were measured by utilizing 

MS2037C Anritsu Combinational Analyser. Figure 8 

represents the reflection co-efficient of the 

reconfigurable L-shaped printed antenna during the ON 

and OFF conditions of the antenna. S11 at both the 

resonating frequencies is less than -10 dB and in fact even 

lesser than -10 dB. The reconfigurable L-shaped printed 

antenna resonates at 3.5 GHz and 6.6 GHz and it offers 

an impedance bandwidth of 0.9 GHz and 3.5 GHz with a 

return loss of -25 dB and -24 dB during the ON and OFF 

conditions of the diode. When the diode is in ON 

condition the reconfigurable L-shaped printed antenna 

operates at 3.5 GHz satisfies the requirement of n78 

(3300 – 3800MHz) 5G applications. The frequency range 

of X-band is 8 GHz-12 GHz. The frequency range for X-

band military communication applications with uplink 

and downlink frequency bands of 7.9 – 8.4 GHz and 7.25 

– 7.75 GHz, respectively. The frequency range for ISM 

band is 5.725–5.850 GHz. When the diode is in OFF 

condition the reconfigurable L-shaped printed antenna 

operates at 6.6 GHz and offers an impedance bandwidth 

of 3.5 GHz (5.6 GHz-9.1 GHz) satisfies the requirement 

of ISM band and X-band satellite communication 

applications.  

Figure 9 represents the radiation pattern of the 

reconfigurable L-shaped printed antenna during the ON 

and OFF conditions of the diode. Figure 10 represents the 

3D gain of the reconfigurable L-shaped printed antenna 

at both the resonating frequencies and a gain of 4.61 dBi 

has obtained during the ON and OFF conditions of the 
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diode. The measured and simulated model radiation 

pattern in the E- and H-plane at 3.50 GHz and 6.6 GHz is 

shown in Figure 9. Radiation pattern of the antenna was 

measured by utilizing Anechoic Chamber. Good co-

polarization and cross-polarization difference in 

broadside direction, i.e., more than 20 dB at all the two 

resonant frequency bands and omnidirectional pattern are 

present in both the primary plane (E&H). Simulated and 

measured radiation pattern are in close agreement. 

 

 

 
Figure 8. Reflection co-efficient of the Reconfigurable L-

shaped printed antenna during the diodes ON and OFF 

conditions 

 

 

 

 
(a) 

 

 
(b) 

Figure 9. Radiation pattern of the Reconfigurable L-shaped 

printed antenna (a) 3.5GHz (b) 6.6GHz 

 

 

 
Figure 10. 3D gain of the Reconfigurable L-shaped printed 

antenna 

 

 

Figures 11 represents the H-field distribution of the L-

shaped printed antenna with partial ground plane. Figure 

12 represents the vector current distribution of the 

reconfigurable L-shaped printed antenna. Maximum 

amount of current is distributed at the edges and center of 

the antenna. Red color indicates the maximum amount of 

field distribution, a maximum value 20 Am-1, 50 Am-1 

has been observed. Figure 13 represents the radiation 

efficiency of reconfigurable L-shaped printed antenna 

and a maximum efficiency of 87% has been observed. 

Figure 14 represents the axial ratio of the proposed 

reconfigurable L-shaped printed antenna. 
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Figure 11. H-field distribution of the Reconfigurable L-

shaped printed antenna 

 

 

 
Figure 12. Vector current distribution of the Reconfigurable 

L-shaped printed antenna 

 

 

Table 1 represents the comparison of the proposed 

antenna with the existing similar antennas in the 

literature. Comparison is done with respect to the 

performance of an antenna in terms of its parameters like 

antenna size, center frequency, reflection co-efficient, 

reconfigurable technique, gain and VSWR. From the 

comparison table it is noticed that the L-shaped printed 

antenna has shown excellent performance including 

reflection co-efficient and the highest gain. Many designs 

were presented in literature (16-26, 36-39), they offer 

high gain (or) low VSWR but not the both. The second 

highest gain offerted by Katireddy et al. (21) but the size 

of the antenna is twice of our proposed antenna. The 

proposed antenna is first in this area which offers high 

gain, low VSWR, low reflection co-efficient, occupies 

less space and is an ideal candidate for N78 Sub-6GHz 

applications as well as ISM band and X-band satellite 

communication applications. 

 

 

 
Figure 13. Radiation Efficiency of the Reconfigurable L-

shaped printed antenna 

 

 

 
Figure 14. Simulated axial ratio of the Reconfigurable L-

shaped printed antenna 
 

 
 

TABLE 1. L-shaped printed antenna comparison with the existing antennas in the Literature 

Reference Antenna Size (λ0
3) Fc (GHz) 

Reconfigurable 

Technique 
S11 (dB) 

Gain 

(dBi) 
Efficiency 

Impedance 

Bandwidth (GHz) 

[16] 1.78 x 1.80 x 0.096 6 NA -14 4 80% 0.87 

[17] 1.72 x 1.60 x 0.19 3/6 Varicap -12 3 75% 0.58 

[21] 3.62 x 3.62 x 0.20 2/6.5 PIN diode -24 3.2 69% 0.58 

[22] 1.375 x 1.375 x0.275 3/5.5 RF MEMS -12 1.25 75% 0.77 

[23] 1.72 x 1.72 x 0.15 2.6/3.5 PIN diode -16 2.5 78% 0.98 

[24] 1.83 x 1.83 x 0.18 4.1/6 PIN diode -18 4.1 79% 0.85 

[25] 1.3 x 1.3 x 0.18 1/2.5 PIN diode -17 3 81% 0.69 

[26] 1.95 x 1.95 x 0.32 2/4 PIN diode -15 3.1 82% 1.0 

Proposed Model 0.47 x 0.47 x 0.0185 3.1-4.0/5.6-9.1 PIN diode -25.1/-24 4.6/4.6 87%/87% 0.9/3.5 
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4. CONCLUSION 
 
A frequency reconfigurable antenna has been designed, 

simulated and experimentally validated in this article. 

The proposed antenna is reconfigured depending on the 

ON and OFF states of the PIN diode switches. When the 

switch is in ON condition the proposed antenna resonates 

at 3.5 GHz and offers an impedance bandwidth of 0.9 

GHz and when the switch is in OFF condition the 

proposed antenna resonates at 6.6 GHz and offers an 

impedance bandwidth of 3.5 GHz. The proposed antenna 

offers many advantages like compact size, low cost, light 

weight and easy of fabrication and supports N78 5G-Sub-

6 GHz applications and ISM band as well as X-band 

satellite communication applications. 
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Persian Abstract 

 چکیده 
 δبا    FR4مواد    شکل با قابلیت تنظیم مجدد فرکانس پایین که در باند فرکانس مایکروویو کار می کند در این مقاله ارائه شده است. آنتن پیشنهادی بر روی  Lیک آنتن چاپی  

شکل برای سوئیچینگ قرار داده شده است. آنتن   Lبین خط تغذیه و ساختار  HSCH 3486میلی متر ساخته شده است. دیود پین  1.6و ضخامت  4.4، گذردهی نسبی 0.02

کند. نسبت موج ایستاده ولتاژ آنتن در  گیگاهرتز را ارائه می  3.5گیگاهرتز و    0.9گیگاهرتز طنین انداز است و پهنای باند امپدانس    6.6گیگاهرتز و    3.5های  پیشنهادی در فرکانس

دسی بل است. آنتن پیشنهادی با استفاده از ابزار روش المان محدود  4.61دسی بل آنتن  3د و بهره درص 87است. راندمان آنتن طراحی شده  1.5هر دو فرکانس تشدید کمتر از 

Ansoft HFSS v13   شوند. با توجه به اندازه جمع و جور آن، آنتن پیشنهادی می تواند برای برنامه های  سازی شده به صورت تجربی تایید میسازی شده و نتایج شبیه شبیه

 استفاده شود. ISMو  5G-sub-6GHzارتباطی ماهواره ای باند 
 
 


