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Radio frequency (RF) energy harvesting finds application in wireless sensors, RF codes, smart switches,
IoT device applications, etc. Contrary to batteries, RF energy harvesting is open to electromagnetic waves
coming from different sources and there is no limitation on the dimension and duration of application. A RF
energy harvester captures electromagnetic energy from the source to which it is exposed and convert this
energy into usable DC voltage. In this paper we propose the fundamental unit of RF harvester, the
microstrip patch antenna. Microstrip patch antenna comes with a host of qualities like small size, low price,
simple design, less weight, easy fabrication and many more. The proposed microstrip patch RF energy
harvest antenna is developed using FR4 substrate with dielectric constant 4.4 and loss tangent 0.009. The
substrate comes in between the ground and copper metal patch. Selected target frequency of operations is
2.4 GHz and 5 GHz, which lie in the Wi-Fi band. A microstrip line of width 1.1 mm for 50Q impedance load
matching is used. The antenna is inset-fed. The design and simulation are carried out using High-Frequency
Structure Simulator (HFSS) software and the antenna dimensions are due to standard antenna equations.
Simulation results achieved gain of 7 dBi at 2.4 GHz with low return loss (Si11 parameter). The return loss
stands near — 13 dB. The gain of the RF harvester at 5 GHz frequency operation is obtained to be 6 dBi with
a remarkable low return loss of — 28 dB. With the given results and stable omnidirectional radiation pattern,
the proposed antenna design is suitable for energy harvesting application for mm wave application viz.
Bluetooth, Wi-Fi, and WiMAX applications, as an alternate energy source meeting the global energy
requirement due to increase in demand of power.
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1. INTRODUCTION

Wireless power transfer systems employ radio
frequency (RF) energy harvesting unit in its receiver
segment. Compact antennas are looked for providing
power to small handheld devices on the condition of
maximum energy capture. Such small handheld RF
systems cover different ITEEE recommended frequency
bands, like 2.4 GHz, 5.1 GHz, 5.8 GHz for Bluetooth and
Wi-Fi application and 2.3 GHz, 2.5 GHz, 3.5 GHz, 5 GHz
for Wi-MAX application [1-3].

For such intended application, the RF energy harvester
put in use the antenna with a characteristic
omnidirectional radiation pattern, wide bandwidth and
good gain. Energy harvesting devices converts the ex-posed
electromagnetic energy into usable DC voltage. Microstrip
patch antennas are compact, light-weight, low cost, flat in
structure and comes with such characteristics as required
for RF energy harvesting and hence are good alternatives
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for energy harvesting applications [4-6]. Microstrip patch
antenna is a triple-layer device. The top layer is the
metallic foil radiating patch. The bottom layer is the
ground layer and there is a dielectric substrate in between
the top and bottom layer. The radiation in the microstrip
patch antenna is realized through the fringing fields. The
microstrip antenna's radiation is created by the phase-
added addition of the fringing E-fields on its border.
Contrary to wire antennas, the microstrip patch antenna
radiates as if it is a "voltage radiator."

Another point of view in favor of microstrip patch
antenna is that they are free from the issues of disposal in
landfills, as in case of batteries, which leads to land
pollution and the ground water contamination. Further
minimizing the use of batteries is also the call of time
towards low carbon emission and environment friendliness
[7-9]. In view of this, wireless RF power harvesting is
considered a promising approach to replace the batteries.

RF harvesting system offers an alternative and
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sustainable approach to supply power to low-powered
electronic  systems [10-11]. Moreover, RF-energy
harvesting is a suitable alternative to deliver energy to
next-generation wireless networks [12].

The RF energy harvester is the ordinary rectifier
circuit that converts RF energy to usable DC power for
wireless charging of devices. The antenna, as a transducer,
converts the strength of an electric field into a voltage
difference and vice versa. On the other hand, the rectifier,
converts RF power to DC power with error ac pulsation
which can be smoothen out using filters circuit. This is
followed by the voltage multiplier circuit which produces a
higher output DC voltage level with the given input
energy. Following this, batteries or low-loss capacitors are
used to store harvested energy. The availability of the
ambient RF energy, including those from mobile base
stations, radio, TV transmitters, Wi-Fi networks, mobile
phones, is an added advantage towards the necessity of
self-sustained RF energy sup-ply [13-14]. This is an edge
over other conventional energy sources in use, including
thermal, solar, vibration, mechanical, and wind energy
[15-17]. Although RF energy harvesting systems are
designed to catch freely available ambience
electromagnetic energy, microstrip patch antenna serves
as the source of electromagnetic wave for RF- energy
harvesting systems [18-21]. With the use of microstrip
patch antenna it is easy to manipulate according to the
specifications of the application in hand for the
characterization of the electromagnetic waves.

This paper presents a new design of the receiving
antenna which is the main part in the RF harvesting energy
system with an objective to provide an alternate solution to
the existing energy sources in use viz, solar energy, wind
energy, etc. Antenna gain is optimized for use in the sub-6
GHz Wi-Fi bands of 5G technology. Si1 parameter, the
return loss, goes below — 13 dB for 2.4 GHz frequencies and
—28dB for 5 GHz. The radiation shape shows a quasi-
omnidirectional stable pattern in Wi-Fi bands. Rest of the
paper is organized as follows. Section 2 describes the design
and configuration of the proposed radio frequency energy
harvesting receiving antenna for the next-generation
wireless networks at Wi-Fi bands. Section 3 reports the
simulated results and discussions on the performance of
antenna. Conclusion is included in Section 4.

2. ANTENNA DESIGN AND CONFIGURATION

The choice of right antenna is very crucial in the de-
sign of an electromagnetic energy harvesting system.
Among the critical requirements are rectification and
storage, the operating frequency and field, the gain and
efficiency of the antenna, high output power, bandwidth
and its cost. Patch size of the antenna is determined by
the frequency bands of interest. Basic block diagram of
rectifier antenna is shown in Figure 1, which consists of
an antenna delivering power to the matching circuit.
Rectifier is used to convert ac voltages into direct volt-
age. Filter circuit smoothen out any leftover ac voltage
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pulsation. The rectified and filtered dc voltage goes to the
energy storing element.

Rectifier

el Matching Circuit 4

Filter and

Charging Circuit NS ST

Fig. 1 — Block diagram of the rectifier antenna

We have designed an inset feed microstrip patch
antenna ready to have dual-band operation at 2.4 GHz and
5 GHz in the Wi-Fi band, using High Frequency Structure
Simulator (HFSS) software, for energy harvesting the Wi-Fi
band frequencies (Fig. 2).

[

0 45 90 (mm)

Fig. 2 - HFSS design of rectangular microstrip patch antenna
with slots

Some of the basic specifications for the design of
antenna, backed by calculation from the standard
antenna equation in Table 1, are the thickness of
substrate (1.6 mm), material of the substrate (FR4), the
thickness of copper as patch (0.035 mm), the relative
permittivity of the substrate material (4.4 with the loss
tangent 0.009). The performance of the proposed antenna
has been evaluated and optimized through Ansoft HFSS.

Design equations for different parameters of the
antenna is made available in Table 1, wherein the
equations leading to determination of patch width,
height, substrate thickness, patch length, length
extension and effective dielectric constant can be found.
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Table 1 — Antenna design equations
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Parameter

Design equation

Patch width, Wp

c |2

Wp:z_ﬁ,qlﬁr—i-l

Substrate height, h

03c
e —
2= 3.14f,. \fe,

Patch length, Lp

NT

Lp = zlli (i)

2(AL)

Length extension, AL AL

h

(27 +03) (32 +0.264)

— = 0412
£+08) (e —0.258)

. . . geff
Effective dielectric constant, =7

1 1 h
efff = 3 (e, +1) +5 (e, —1)(1+12 = y-1/2
1

Where, & — Dielectric constant of substrate, fr —
resonant frequency, ¢ — velocity of light in free space.

Ground and substrate dimensions conform to
53 x 23 mm. Microstrip patch of dimension 37.4 x 18 mm
is taken on which few slots are carved out and labelled as
Si, S2, S3, S4, S5, Se¢ and S7. The slot Si and Sz, of
dimension 3.4 x 2.2 mm and at a separation of 9.4 mm,
are at the far end from the feed point at a distance of
5.3 mm from the edge of the patch.

From the feed end, identical slots Se¢ and S7 are
created, again at a separation of 9.4 mm. In between the
slot rows of Si-S2 and Se-S7, we have another row of
identical slots, but this time there are three slots labelled
as S3, S4 and Ss. Slots S3 and Ss are equidistant (3.6 mm)
from slot Ss. Feedline connects through a rectangular
strip of length 21.8 mm and width 2.2 mm. All slots are
2.1 mm from the both length ends of the patch. Slots Ss
and S7 are at a distance of 5.4 mm from the end of patch
as shown in the schematic Fig. 3

Table 2 — Patch and slots dimensions

Lg

s1 S2 53

Wg Wp {Ws
4 Ls

S5 S6 §7
Lp

Fig. 3 — Schematic design of antenna

The radiating patch of the antenna uses substrate FR4
(dielectric constant 4.4). A microstrip line of 50Q impedance
is used to match with the load antenna. This ensures
supplying of energy to the radiating patch. Dimensions of
designed antenna enlisting length and width of ground,
length and width of patch, length and width of feedline slot
and slot dimensions are mentioned in Table 2.

Quantity Symbol Dimension in mm
Width of ground We 53

Length of ground Le 23

Width of patch Wo 18

Length of patch Ly 37.4

Width of feedline slot Ws 1.7

Length of feedline slot Ls 21.8

Slot dimension (I x b) S1, Sg, Ss, S4, S5, Se, S7 3.4%x22

3. SIMULATION RESULT AND DISCUSSION

The simulations result of the return loss (Si1) is
shown in Fig. 4.

From the return loss plot, we observe that the resonance
frequency is stable at 2.42 GHz and 5.08 GHz with return
loss below — 13 dB and — 28 dB.

In Fig. 5, gain of the designed antenna is shown. The

gain stands at 7 dBi (Fig. 5) for the resonance frequency
2.4 GHz band, and at 6 dBi (Fig. 6) at an-other frequency
5 GHz. Antenna with high gain is preferable.

From the gain plot, we infer that a near omnidirectional
radiation is realized by the designed antenna for the
intended operation frequency in the Wi-Fi bands.
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Fig. 4 — Return loss

dB{GainTotal)

7.2255e+200

5.5243e+000 2
=i 3.8232e+000
 2.1221e+008

4. 2891e-001
-1, 2862e+000
-2, 9814e+000
-4, 6825e+000
-6, 3837e+000
-8, 0848e+000
-9, 7859e+000
-1, 1487e+001
-1, 3188e+001
-1, 4889e+001
-1, 6591e+001
-1,8292e+001
-1,9993e+0081

o

’f{,_ Phi

Fig. 5 — Antenna Gain at 2,4 GHz

The results obtained of the compact, low cost, planar,
light-weight microstrip patch antenna has potential to
provide good performance as receiving antenna in a RF
energy harvesting system.
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4. CONCLUSION

RF energy harvesting has a lot of potential to pro-vide
green power indefinitely. This is suitable for wire-less
applications. In this paper, we propose a new receiving
antenna, with all the qualities and goodness of microstrip
patch antenna using High-Frequency Structure
Simulator (HFSS) software. Antenna dimensions are
based on standard antenna equations. The pro-posed
antenna is capable of energy harvesting in the double-
band operation frequency 2.4 GHz and 5 GHz, in the sub-
6 GHz Wi-Fi bands of 5G spectrum. Microstrip patch
design ensures compact size, light weight and eco-
friendliness of the antenna. Use of substrate FR4 with
dielectric constant 4.4 and loss tangent 0.009 makes it
economical. A good quasi-omnidirectional and stable
radiation pattern is realized. Antenna gain is improvised
with the use of selective slots on the radiating patch.
Peak gain varies from 7 dBi to around 6 dBi for the
operation frequency 2.4 GHz and 5 GHz. Antenna
resonates at 2.42 GHz and 5.08 GHz with low return loss
below — 13 dB and — 28 dB with a matching impedance of
50 Q using inset feed. The designed receiving antenna is
suitable for applications in wireless sensors, RF codes,
smart switches, IoT device etc. in the sub-6 GHz Wi-Fi
bands of 5G spectrum frequency.
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IIpuitmanpHa aHTEeHA OJIg 300pPy pamiodyacToTHOI eHepril nug giana3ouis momaTkis Bluetooth i
Wi-Fi y gianasoni mo 6 I'l'iy rexmomnorii 5G

K. Mamtal, R.K. Singh?
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36ip pamiouacroruoi (PY) emeprii 3HAXOOWTH 3aCTOCYBAHHS B 0E3IPOTOBUX TaTUYMKAX, PaTi0YaCTOTHHX
KOJIaX, PO3YMHMX KOMyTaTopax, J0JaTKax IIPHUCTPoiB IuTepHery pedeir Tomo. Ha Bigmimy Bim Gartapei, 30ip
pagiogacToTHOI eHeprii BIAKPUATHH JJIsT eJIEKTPOMATHITHUX XBUJIb, 10 HAAXOJAATH BlJ] PISHUX JFKEpesI, 1 Hemae
0o0MesKeHb IIOJ0 PO3MIPIB 1 TPHBAJICTH 34CTOCYBAHHSA. 30Mpad pagiovyacTOTHOI €Heprii  BJIOBJIOE
€JIeKTPOMATrHITHY eHepriio Bix [Kepesa, SKOMY BIH MiJJA€TbCs, 1 IIEPETBOPIOE II0 €HEeprilo Ha KOPUCHY
HAIpPYTry IOCTIHHOTO CTpyMy. ¥ Iiff cTaTTI MH IIPOIOHYyeMO ocHOBHuUM 0siok PU-xapBecTepa, MIKpPOCMYKKOBY
aHTeHy. MiKpocMyroBa mmard-aHTeHA Mae HU3KY TAKUX AKOCTEH, K HEeBeJIMKUM PO3Mip, HH3bKA IIHA, IIPOCTUHA
IUW3aiiH, MeHIa Bara, JIeTKe BUTOTOBJIEHHS Ta 0araTo 1HIIOr0. 3aIpoIlOHOBAHA MIKPOIIOJIOCKOBA aHTEHA JJIS
300py paaiodacToTHOI eHeprii po3pobseHa 3 BUKOPUCTAHHAM HiAkIaakd FR4 3 qieIeKTpUYHO0 MPOHUKHICTIO
4,4 1 Taureracom Brpar 0,009. CyGerpaT 3HAXOOMTHCSI MIMK 3eMJIEI0 Ta MIZHOK MeTajeBowo JaTkon. O0paHa
iI60Ba poboda dacrora craHoBuTh 2,4 I'Ti i1 5 I'Th, saxi smaxomarses B miamasomi Wi-Fi. Bukopucrosyerses
MIKPOCMY’KKOBA JIIHIS IMUPUHO0 1,1 MM s y3rojpreHHs HaBauTaxeHHs 3 omopoM 50 Om. Amrena mae
BOyZOBaHe KUBJIEHHsS. P03po0Ka Ta MOIEJIIOBAHHS BUKOHYIOTHCS 3a JIOIOMOIOK IIPOrPAMHOr0 3abe3nedeHHs
High-Frequency Structure Simulator (HFSS), a posmipu aHTeHM BU3HAYAIOTHCA CTAHIAPTHUMU PIBHAHHAMU
auTeHu. Pesynbratu MozemoBauHs gocsarau nocusieHHs 7 Ab Ha 2,4 I'T 3 HU3PKUMU 3BOPOTHUMU BTPATAMU
(mapamerp S11). 3BopoTHI BrpaTh cTaHOBIATH 0u3bko — 13 1B, Koedimient nmocunenna PUY-xapsecrepa mpu
po6ori Ha uacrori 5 I'T'i; cranoBuTh 6 1Bi 3 HEMMOBIPHO HU3BPKUME 3BOPOTHUMHU Brparamu — 28 nb. Basgsku
HaJaHUM pe3yJabTaTaM 1 cTablibHIH BCeCIPSIMOBAHIN giarpaMi CIPsSMOBAHOCTI 3alIPOIOHOBAHA KOHCTPYKILISA
aHTEHH MIXO0JUTh JIJISI BAKOPUCTAHHS B cHCTeMax 300py eHeprii AJIst MUTIMEeTPOBUX XBUJIb, a came. [Iporpamu
Bluetooth, Wi-Fi ra WiMAX sk ambrepHaTHBHE JiKepesio eHeprii, AKe BIAIOBIae riiobaspbHuM moTpebam y
eHeprii yepes3 301IbIIIeHHs IOMMUTY Ha eJIEKTPOCHEPTI0.

Kmiouori cmnosa: 306ip ewneprii, Pamiouacrora, Mikpocmyrosa antena, Ilimcusennsi, 3BOpOoTHI BTpaTH,
IputimanbHa aHTeHA.
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