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 This work proposes a new reconfigurable printed monopole antenna for IoT 

devices working with the promising wireless technology Wi-Fi 6. Based on 

effective resonant length value, the antenna has the ability to reconfigure its 

operating band between 2.4 GHz and 5 GHz ISM bands. Therefore,  
the designed antenna works as an RF band-pass filter which reduces receiver 

complexity and supports network scalability. One PIN diode with complete 

biasing circuit is integrated to the antenna radiator to obtain  

re-configurability. Furthermore, two stubs are added to the antenna structure 
in order to suppress harmonic component which appears near to the higher 

band (5 GHz) when antenna forced to work at the lower band (2.4 GHz).  

The design built over commercially available FR-4 substrate with a compact 

size of (33.5x16x1.6) mm3. CST software is used to simulate antenna 
performance in terms of flection coefficient, radiation pattern, efficiency,  

and gain. 
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1. INTRODUCTION  

Internet of Things (IoT) technology aims to map all physical objects in real life to the virtual world 

to create an intelligent environment [1, 2]. Due to the natural of IoT technology, a few data rate in 

transmission, relax bandwidth, small physical size and acceptable communication range are required [3, 4]. 

Moreover, most IoT devices use free license ISM bands to contact world. Based on the above requirements, 

the sixth generation of Wi-Fi wireless standard named Wi-Fi 6 or (IEEE 802.11 ax) is expected to be 

available in the next few months. This series implemented TWT mechanism which supports IoT devices [5]. 

According to cisco publication, Wi-Fi 6 device will use 2.4 GHz and 5 GHz bands and it has a high degree of 

compatibility with older Wi-Fi versions. However, it is estimated in 2021, there will be 50 billion IoT devices 

able to communicate and share information over the internet such as automation system, home appliances, 

vehicles, smart cities, e-health [2, 5-7]. This large number of wireless devices will rise band congestion 

problem, increase packet collisions in uplink access channels, and hence consume limited power resources. 

To fulfill all previous problems with a compact physical size, the reconfigurable antenna is one of the best 

available solutions. Reconfigurable antenna is a dynamic antenna which has the ability to modifying its 

properties such as frequency, radiation patterns and/or polarization in order to adapt the environment [8-12]. 

Comparing to multiband antennas, reconfigurable antennas offer many advantages like pre-filtering, reduce 

complexity, saving space and relatively low cost. Frequency re-configurability can be realized by integrating 
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lamped element such as PIN diodes, MEMS switches, or varactors in antenna body. Basically, these elements 

may modify the effective length of an antenna and hence change antenna's operating frequency [13].  

By using affordable and cheaper materials, numerous frequency reconfigurable antennas are 

reported in the literature. In [14], Frequency reconfigurable monopole antenna is designed to switch between 

several bands using three PIN diodes. Actually, these diodes altered antenna effective length to change 

resonant frequency. In [15], they designed F-shape frequency reconfigurable antenna which has the ability to 

hope among six frequencies. Cheap materials like RF-4 substrate, two PIN diodes, and truncated ground 

plane, are used to build the antenna. While this antenna covered almost ISM bands, it has a big size and high 

order harmonic component which clearly appeared in the reflection coefficient plot for each switch mode. 

Starting from the multiband antenna, authors in [16] developed a reconfigurable antenna for Wi-Fi, WiMax, 

and WLAN applications. The design has compact size put it did not cover the entire 5 GHz band in one 

switch mode. [17] showed a reconfigurable monopole antenna which can be used for multi-radio wireless 

systems. Good antenna performance is observed at the four bands. In addition to large size, any system 

attached to this antenna needs a filter to reject some bands. In [18], a dual-band monopole antenna for 

WiMax system has been introduced. The designed antenna used varactor diode to tune frequency bands. 

However, it has low efficiency and gain with a relatively large area. The study in [8] presents compact size 

and ten bands frequency reconfigurable antenna for WLAN and WiMAX systems. Design process 

implemented SPICE models together with miniaturization technique to achieve all author's goals. In [19], 

two frequency reconfigurable monopole antennas are proposed for WiMax and WLAN utilization.  

The antennas have a real small size and good performance. Unfortunately, the authors obtained 

configurability by utilizing copper tape and gab to simulate ON and OFF diode states respectively.  

To this end, obtaining compact size and single-band reconfigurable monopole antenna is still a 

challenge. In this paper, a small size and frequency reconfigurable monopole antenna are designed over 

commercially available FR-4 substrate. Two single-bands (2.4 GHz or 5 GHz) in the ISM spectrum region 

are obtained. The proposed antenna has the ability to hope between the 2.4 GHz and the entire 5 GHz bands 

of Wi-Fi 6. Therefore, the designed antenna will work as a band-pass filter which reduces receiver 

complexity. RF PIN diode with a complete biasing circuit is integrated into the antenna body to observe  

re-configurability.  

 

 

2. ANTENNA GEOMETRY AND DESIGN 

Compact size antenna with overall dimensions of (33.5x16x1.6) 𝑚𝑚3 is proposed using CST 

simulation tool. The designed antenna geometry and optimized dimensions are depicting in Figure 1 and 

Table 1 respectively. The designed antenna printed on both sides of the substrate. Commercially available 

FR-4 substrate (h = 1.6 mm, 𝜀𝑟  = 4.4 and tangent losses tan δ = 0.019) is used. Antenna's radiator consists of 

two segments separated by one PIN diode. The first one takes T-shape which generates the higher band  

(5 GHz). While, the second segment represented by C shape arm which is used to obtain the lower band  

(2.4 GHz). Microstrip feed-line of 3 mm width (50 Ω) is used to feed radiator. In addition, three slits of 1 mm 

and one slit of 0.7 mm are etched in the radiator in order to integrate diode and biasing elements respectively. 

The PIN diode works as a switch to control antenna operating band. The lower band is obtained when  

the diode at forward biasing (ON state) while the higher band is obtained at reverse biasing (OFF state). Also, 

the design implemented partially ground plane beneath the radiator at distance 1.6 mm. Two slots are made 

in the ground plane to increase impedance matching. 

The proposed structure is inspired from the conventional printed monopole antennas reported in  

the related literature. Transmission line model in [20] is used to find, approximately, the required effective 

resonant length of each radiator segment at a specific frequency. Then all calculated lengths are optimized 

using parameters sweep process. Basically, the design process passed through four stages until the final 

geometry and performance are obtained as shown in Figure 2. In (Ant 1), copper tape and gap are used to 

simulate diode status in ON and OFF respectively. In this fundamental stage, the designed antenna resonated 

near to 2.45 GHz at ON state and near to 5.4 GHz at OFF state with acceptable bandwidth as shown in  

Figure 3 (purple and red curves). Also, a big harmonic component at 5 GHz region appears when diode force 

antenna to work at the 2.4 GHz band as shown in Figure 3 (red curve). Therefore, a large opened slot is made 

in the inner side of the C-arm to reduce that harmonic as shown in Ant 2 and Figure 3 (brown curve). It is 

worth mentioning that the big slot did not affect the value of the reflection coefficient at the higher band. 

In Ant 3, PIN diode with its biasing circuit components are selected and integrated to CST model to 

make final optimization. However, by embedding these elements, the high order harmonic component 

becomes worst again. In order to suppress that component, two stubs are added to the C-arm as illustrated in 

Ant 3 and Ant 4. The positions of these stubs are determined using try and error method then parameters 

sweep process is used to calculate each stub dimensions. The first stub with dimensions (L2*W2) is attached 
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to the arm's base while the second one with dimensions (L3*W3) is added to arm's top side. It is clear in 

Figure 4 (a) that the increasing of W2 to the same width of the arm's base shifts harmonic component out of 

the 5 GHz band while in Figure 4 (b) increasing L3 lead to push up S11 value above -10 dB. So that, W2 and 

L3 are selected to be 4mm and 2mm respectively. In the other side of substrate, partially ground with 

dimension of (Wg*Lg) is used. Two slots are etched in the ground to increase impedance matching at both 

operating bands. All dimensions related to the designed ground plane are calculated then optimized using 

parameters sweep function. 
 

 

 
 

Figure 1. Antenna geometry: (a) Antenna radiator, (b) Ground Plane, (c) Side View 
 

 

Table 1. Designed antenna dimensions 
Parameter Value (mm) Parameter Value (mm) 

Ls 33.5 Wf 3 

Ws 16 Lf 7.5 

Lg 7.5 W1 2 

L1 7.8 W2 4 

L2 1.5 W3 2 

L3 2 Lsub 1.5 

L4 20 Wsub 5 

L5 5.5 d 0.5 

Tg 1.5 Wg 14.5 

 

 

 
 

Figure 2. Antenna design stages 
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Figure 3. Reflection coefficient for Ant 1 to Ant 4  

 

 

 
 

(a) 

 

 
 

(b) 

 

Figure 4. Harmonic component removing (a) Shift harmonic to left due to change in W2,  

(b) Left up harmonic component greater than -10 dB 
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3. DIODE SELECTION AND BIASING CIRCUIT 

Beam-lead PIN diode (DSM8100-000) from Skyworks is used to obtain electrical frequency 

reconfigurability. Based on its interest advantages, such as high switching speed, small forward resistance 

(Rs), very low capacitance (Ct), low packaging inductance, and wide frequency range of operation, selection 

has been done. As illustrated in the data sheet [21], these specifications lead to minimize insertion losses in 

forward biasing (ON state) and increase isolation in reverse bias case (OFF state). In addition, a biasing 

network is designed as shown in the Figure 5. This circuit consists of two 47 nH inductors (H1 and H2) and 

three 1µF DC block capacitor (Cdc) [22, 23]. The two inductors values are selected using SRF value which is 

selected to be near to 2.45 GHz [24]. While, dc capacitors are selected based on parameters sweep until 

maximum dc buffering is obtained [25]. 

 

 

 
 

Figure 5. Equivalent circuit of PIN diode for ON and OFF stats 

 

 

4. RESULTS AND DISCUSSION 

AC In this section, simulation results for the input reflection coefficient, radiation pattern, gain, 

efficiency, and surface current distribution of the designed antenna are presented. Figure 6 shows both input 

reflection coefficients and impedance bandwidths at diode ON and OFF conditions. When diode in OFF state 

then this antenna covers the entire 5 GHz bands (4.95 GHz to 6.4 GHz) with an impedance bandwidth of  

25.4 % and return loss near to -32.9 dB. On the other hand, the antenna covers a single narrow band starting 

from 2.35 GHz to 2.6 GHz when the diode in ON state. At this mode, the obtained impedance bandwidth and 

input reflection coefficient are 10.1% and -24.9 dB respectively. In fact, implemented harmonic suppression 

technique makes antenna operate in a a solo band at diode ON state. It should be noted here that the two slots 

in the ground plane and the parasitic element give good impedance matching for both bands. Figure 7 

illustrates the radiation patterns for both PIN diodes ON and OFF states. In this work, YZ-plane has been 

taken as the E-plane (Phi = 90), and the XZ- as the H-plane (Phi = 0). An omnidirectional pattern at H-plane 

and bidirectional pattern at E plane are observed in both frequency bands. Little deviation in radiation null is 

occurred due to several reasons such as utilization of partial ground plane, patch asymmetric, and C-arm 

parasitic effect.  

The designed antenna delivered gain of 1.5 dB and 3.5 dB at 2.4 GHz and 5 GHz bands respectively 

as in Figure 8. In fact, reductions in both gains occurred when an ideal switch is replaced by a real PIN diode. 

This is due to the effect of the internal resistor in ON forward biasing. However, these gains are acceptable 

for indoor communication. On the other hand, the obtained maximum radiation efficiencies are 80% in  

the 2.4 GHz band and 95% in the 5 GHz band as shown in Figure 9. In order to understand antenna 

performance and validate our theoretical calculations in both diode conditions, surface current distributions at 

two resonant frequencies (i.e. 2.45 GHz and 5.4 GHz)  have been studied and illustrated in Figure 10. When 

diode in OFF state, surface current concentrates at the lower edges of the T-shape radiator segment with an 

overall resonant length value of (0.5*Lf+L2 = 9.25 mm). At ON state, surface current approximately, 

concentrates over the entire C-arm part and some edges of T-shape with overall resonant length value equal 

to (Lf+L5+L4+(L1-6.8) = 26.5 mm). According to the author's calculations, the required length to generate 

resonant frequency at 2.45 GHz and 5.4 GHz was 17 mm and 8mm respectively. These lengths are calculated 
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using (1) in [15]. Actually, the above current distribution results come as expected. The small deviation 

between calculation and simulation (optimized lengths) may be due to different radiator width, diode and 

biasing effects, and the using of slots in the ground. Also, it is clear that both chocks are blocked the RF 

signal while DC capacitors at feed line pass RF signal to the antenna. 

 

𝐿𝑚𝑜𝑛𝑜𝑝𝑜𝑙𝑒 =  
3∗108

4∗𝑓𝑟∗ √
𝜀𝑟+1
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+

𝜀𝑟−1

2
(1+12(

ℎ

𝑊
))−0.5

2
      (1) 

 

where  𝑊 = 𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑟𝑎𝑑𝑎𝑖𝑡𝑖𝑛𝑔 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 

  ℎ = 𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 ℎ𝑖𝑔ℎ𝑡 

   𝜖𝑟 = 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒  
 

 

 
 

Figure 6. Refection coefficient for both obtained bands 2.4 GHz and 5 GHz 

 

 

  
 

(a) 

 

(b) 

 

Figure 7. E-plane (Phi = 0) and H-plane (Phi = 90) of designed antenna radiation pattern:  

(a) ON state for 2.45 GHz, (b) OFF for 5.5 GHz state 
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Figure 8. Designed antenna gains at 2.45 GHz and 5 GHz 
 

 

 
 

Figure 9. Designed antenna rad. Efficiency at 2.45 GHz and 5 GHz 
 

 

 
 

Figure 10. Current distribution of the proposed antenna: 

(a) ON state at 2.45 GHz resonant freq., (b) OFF state at 5.4 GHz resonant freq. 
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5. CONCLUSION AND FUTURE WORK 

This paper presents the design and simulation of a new frequency reconfigurable monopole antenna. 

The configurability is obtained by modifying antenna effective length using PIN diode as an electrical switch. 

When diode in OFF state, the antenna resonant at 5.4 GHz with an impedance bandwidth of (1.45 GHz) 

which covers the entire 5 GHz spectrum region. In contrast, when the diode to ON, the antenna resonant at 

2.45 GHz with narrow bandwidth near to (0.25 GHz) covering the common 2.4 GHz band. At this state, a 

single band is obtained by eliminating associated harmonic component. Moreover, good impedance matching 

is obtained at the two bands with the help of two slots in the ground plane and one parasitic element.  

The designed antenna has many advantages such as compact size, low in cost, easy to fabricate.  

The proposed antenna was intended for IoT applications which use Wi-Fi 6 wireless technology. In the future 

work, we will investigate to put the designed antenna for MIMO channel. 
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