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Abstract

:

Conversion of electric power from a high voltage to a low voltage causes power losses that also require efficient circuit design techniques to be implemented for durability of a system. Energy harvesting techniques have been implemented to cater to the power demand of low power electronic devices using electromagnetic, electrostatic, and other related technologies. This paper represents the compact design of an antenna system tuned at 2.45 GHz for radio frequency energy harvesting applications. The simulation results achieve a better gain of 5.4 dB along with enhanced radiation patterns. Impedance matching for 50 Ohm is implemented using a high frequency structure simulator (HFSS). The results of the antenna gain, VSWR, and radiation efficiency are compared with the literature. Furthermore, the size of the antenna system has great significance in medical and military related applications; this aspect is also considered in this design and overall, a 20 mm × 37 mm compact antenna is achieved by using mm wave considerations. This antenna design can be embedded in the wireless sensor network (WSN), RFID, and IoT related application to generate the required power required. Mostly, WSN nodes currently use traditional batteries that need to be replaced after some time. As in most cases, WSN nodes are scattered in wide geographical areas, so maintaining the power to these systems becomes challenging. RF energy harvesting provides a solution in these cases where wind, vibration, and solar sources are scarce. The simulated impedance bandwidth is found to range from 1.1 GHz to 5.2 GHz within the acceptable VSWR values.
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1. Introduction


Antennas are a crucial part of any modern system, e.g., cell phones, laptops, and satellites, etc. It is undoubtedly the major part of any communication system. With the wide deployment of WLAN infrastructure, especially in the urban environment, the requirements of high-speed communication systems for small hand-held connected devices are ever growing. To support this, antenna devices are becoming more compact and smarter in the sense of their working parameters. Energy efficiency and better operational ranges are some of the major characteristics of modern antenna systems [1].



Microstrip antennas started evolving in the 1980s and the antenna array systems were widely adopted in 1990s; however, major miniaturization work started after 2005 when demand for 3G, 4G, and Wi-Fi networks became popular. The latter is a more common practice that is mainly implemented in symmetrical and asymmetrical coplanar waveguide techniques [2].




2. Literature Review


There are well known and widely implemented wireless bands, including IEEE 802.11 (2.4–2.48 GHz) and IEEE 802.15.4 (2.5–2.69 GHz/3.4–3.69 GHz/5.25–5.85 GHz), that need to be matched by any proficient design. Inherently, patch antennas have a low bandwidth and to enhance the bandwidth there are numerous techniques, such as defected ground structure (DGS), complementary slit ring resonators (CSRR), and rounded corners, that are used extensively in the literature [3,4]. A magneto–electric antenna design in [5] shows good radiation patterns on both the E and H planes, better gain, and acceptable radiation patterns due to the rounded corner technique being utilized to enhance the bandwidth characteristics [6]. Similar kinds of design techniques are adopted in our design, which has shown promising results. A wideband antenna in [7,8] has shown greater gain than 1.5 dB at different frequencies of 2 GHz, 3.1 GHz, and 3.4 GHz.



This proposed design works at 2.4 GHz and its bandwidth range is between 1.1 GHz and 5.2 GHz. An excellent voltage standing wave ratio of 0.26 is achieved at the designated frequency. The following Figure 1 shows the basic symmetric co-planar design.




3. Antenna Geometry


The feedline length is usually kept very small in order to reduce the reflection of the EM wave’s scattering. The width of the feedline is 1.2 mm and the length is optimized at 14 mm. A standard substrate of 1.6 mm is used and the dimensions of parameters b and c are, respectively, 4 mm and 20 mm—as shown in Figure 1a. The complete antenna design is illustrated in Figure 1b. The resonant frequency and the effects of the substrate permittivity are analyzed using following Equations (1) and (2).


  f r =  C  4  Y g     ε  r . e f f        



(1)






   ε  r . e f f   =    ε r  + 1  2   



(2)







The geometry of the proposed antenna is shown in Figure 2, below, which includes all the calculated and optimized dimensions. The feedline length is 1.3 mm along with 9 mm ground lanes on each side of the feedline. Furthermore, 2 mm wide strips constitute a rectangular shape patch, which has 1.2 mm rounded circles introduced at the three bottom corners. Extensive parametric analysis for the circle radius and for the length of the feedline is carried out at an interval of 0.1 mm.



Initially, the ground planes with the feedline were simulated using an HFSS software package that resulted in a narrow bandwidth ranging from 2.4 GHz to 3.1 GHz. It is worth noting that the middle strip length controlled the overall bandwidth and the rounded corner technique improved the gain of the antenna and the impedance bandwidth. Finally, a better reflection coefficient was achieved ranging from 1.1 GHz to 5.2 GHz, as shown in Figure 3 below. Figure 3a depicts the excellent impedance matching at the designated frequency of 2.45 GHz and similarly Figure 3b proves the concept of rounded corner concept in terms of directing EM energy at the WLAN band. Preciously, 5.4 dB gain is measured and at 3.5 GHz 5G assigned frequency a gain of 2.8 dB is measured. A lumped port excitation was used and the length and width of the lumped port was adjusted by using basic port calculations.



3.1. Antenna Gain


The simulated gain of the proposed antenna is shown in Figure 3b. At 2.45 GHz the maximum gain of 5.4 dB is achieved, whereas the overall varying pattern of the gain is observed in the range of 1 GHz to 5 GHz. This result verifies that the proposed design is well suited for WLAN, 4G, WiMAX, and any future 5G applications as it covers all the prominent frequency bands. The maximum gain of 3.5 dB is observed at the 3.5 GHz frequency, which is most likely going to be the designated frequency authorized by PTA.




3.2. Radiation Patterns


The radiation patterns of this novel design for both E and H planes are shown in the following Figure 4. The radiation patterns of the E plane show bidirectional behavior while this antenna performs omnidirectionally on the H plane. After reviewing the gain and radiation pattern characteristics, it is evident from the simulated results that this design is well suited for wireless sensor network and new IoT applications, as well as for traditional scenarios.





4. Conclusions


In this article, a novel rectangular shape antenna design for 2.45 GHz applications is proposed and simulated. The antenna has a middle strip that can control the resonant frequency along with the length of antenna. Additionally, the rounded corners technique is employed to further enhance the overall impedance bandwidth and gain of the antenna. Ultra-wide bandwidth ranging from 1.1 GHz to 5.2 GHz was achieved along with excellent voltage standing wave ratio (VSWR) values. The radiation patterns of this design suggest that it is suitable for both omnidirectional and bidirectional patterns. The gain of the antenna at 2.45 GHz is found to be 5.4 dB, which is comparable to the available designs in the literature and also shows an excellent impedance value, which matches with the minute variances at 2.8 GHz and 4.6 GHz in terms of the antenna gain. Finally, it is concluded that this novel design is well suitable for current as well as future high bandwidth applications.
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Figure 1. (a) Feed line structure; (b) the complete antenna design with major components. 
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Figure 2. The geometry of the proposed antenna. 
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Figure 3. (a) S-parameters display; (b) Antenna Gain. 
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Figure 4. Radiation pattern of the proposed antenna: (a) E plane and (b) H plane. 
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