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Abstract: This paper presents a wideband Microstrip  patch
antenna with integrated circular slot for radio frequency energy
harvesting. The antenna consists of circular slot and stubs with a
coaxial feed. The proposed antenna consists of four symmetric
gap. It is designed on FR4 lossy epoxy substrate material for
2.65GHz frequency allocated for Wi-max application. Circular
slot are integrated inside a square patch of proposed antenna
which helps to increase the bandwidth of antenna.
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I. INTRODUCTION

RFEH is further connected more researchers as an alternate
resolution to temporary battery life [1]. Energy harvest could
be a promising technology which will like millions of radio
transceiver all over the world [2]. Radio transceiver like cell
phones, television, broadcast stations are radio frequency
energy sources. Energy which is harvested from the
environment can be reused [3]-[4]. The RFEH includes an
antenna, a matching circuit and a rectifier. Diagram of RFEH
system is shown in given figure 1. In harvesting system
antenna is implemented at receiver end and it takes
electromagnetic waves as its input, a rectifier circuit [5].
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Fig. 1 Diagram of RFEH System
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Wi-max is application which is used at 2.65 GHz and it is a
service of wireless broadband communication [6]. Wi-max
is for the WAN(wide area network) and is much faster,
WAN connects several LANS (local area network).The RF
signal range from 3KHz to 300GHz be the source or
medium to any radio frequency harvesting system. RFEH
have found their applications in forms like wireless charging
system, wireless sensor network etc [6]-[9]. RF energy
harvest home technique relies on the extracting energy from
close that is EM waves radiated from completely different
sources of communication [3].

Il. ANTENNA DESIGN

A Wideband Microstrip patch antenna with integrated
circular slot is designed, the cross sectional view with
coaxial feed technique of proposed circular slots antenna is
shown in figure 2.Square microstrip patch is placed in the
x-y plane. Size of microstrip patch is 24mm x 24mm. Co
axial feed is placed along the negative y axis.
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Fig. 2 Cross sectional view
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Fig. 3 Circular slots radiator
Parameters Dimensions Parameters Dimensions
(mm) (mm)

St 28 Cw 2
Sz 26.3 C. 2
Ss3 26.3 L 12
S4 20 R 5
Siw 7.3 Ssi 2
Sow 73 Ssw 4
Saw 7.3 Wi 4.1
Saw 6.9 W2 4.1
G 4.9 W3 4.1
G 4.9 W. 3.1
Gs 49 Fu 3.1
G4 4.9 Fw 5

Table 1 - Circular slot antenna design dimensions
Four symmetric length stubs are introduced and integrated
with square patch with symmetric gaps is shown in figure 3.
The length of stubs S1 # S; = Sz # S4. Along the negative
y-axis of square patch a feeding stub is integrated with width
Fw and length F_. Parameter inside the square patch of
circular slots are Ss, Ssw, R. All designing dimensions
parameter of antenna is shown in table 1.

I1l. RESULTS &DISCUSSION

Figure 4 shows the antenna without circular slots and
figure 3 shows the antenna with circular slots, without
using slots the antenna is not able to achieve the proper
results as its return loss is less than -10dB and it does not
have the bandwidth, whereas the presence of slots gives
better bandwidth of 200MHz and return loss is also more
than -10dB with the frequency band of 2.65GHz, which
shows that the antenna is equal in shape and size but with
slots it gives proper results.
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Fig. 4 Antenna without slots
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Fig. 5 Compare graph of both the antenna
The simulated Si1 (Reflection coefficients) of both the
proposed antenna (without slots and with slots) is shown in
figure 5 which shows that antenna is more efficient with
slots, the antenna covers 2.65GHz frequency band which is
useful for RFEH prospective. The designed antenna is
manufactured and experimentally tested to verify the
simulations result, the picture of fabricated antenna is given
in figure 6. It is printed on a low cost commercially of
obtainable FR- 4 lossy substrate (& = 4.3, tan 6 = 0.025, h=

Fig.6(a) Frontviewof fabricated (b) Back view of
fabricated antenna
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Figure 7 shows simulated radiation pattern of antenna in the
x-z planes and y- z planes (phi= 0°and phi=90°) at resonating
band of antenna. At phi =0°the radiation pattern is
unidirectional and at phi=90°the radiation pattern is also
unidirectional with some distortion, the radiation pattern
may distorted sometimes due to adaptors or connectors
which is used in the measurement it may pick up the
spurious radiation from unwanted direction. Figure 8 shows
simulated gain of antenna, the simulated gain is suitable for
RF signal harvesting. Figure 9 shows the simulated and
measured result of proposed antenna, the performance of
wideband microstrip patch antenna was measured on FS315
spectrum analyzer, it is clearly observed that there is small
discontinuity between simulated and measured result, this is
because of cable losses and environmental effects.
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Fig. 7 E-field pattern
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Fig. 8 Gain of proposed antenna
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Fig. 9 Reflection coefficients of simulated and measured

result of proposed antenna

[1l. RECTIFIER DESIGNING OF ANTENNA

RF energy system receives signal from RF transmission and
receiving sources. It contain antenna that receives or
transmits the radiated power from the close RF sources [15].
The rectifier will receive EM signals and converted it for the
conversion of RF energy into dc energy. The RF dc
conversion strength depends on i/o power of rectifier.
Maximum the input power more is the dc conversion
strength of rectifier [10-14]. For converting RF power into
DC power full wave bridge rectifier is used. Voltage doubler
is used for increment of DC power input signals [13]. Diode
1N4148 is a silicon diode which is operated at high
frequency and having fast switching response. Circuit
diagram of FWBR (full wave bridge rectifier) is shown in
figure 10. Parameters used in bridge rectifier is diodes,
capacitor and load as LED.

)

Fig. 10 Diagram of FWBR

Electromagnetic waves is transmitted by antenna which is
taken as an input for FWBR circuit. Diode D1 is forward bias
and D2 is also forward bias in positive half cycle, the diode
D1 is forward bias from the positive half cycle and diode D2
is from the negative half cycle and vice versa[12]. Simulated
result of bridge rectifier confirms that element chosen
within rectifier are capable of operating within the input
frequency vary. RF to DC conversion depends on the i/o
power at the rectifier terminal. Since, the conversion
efficiency can be determined from equation:

n=Poc / Pre x100 (l)

The maximum converted RF to DC power of proposed
work is 42% as shown in figure below.
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Fig. 11 RF-DC Conversion

The voltage measured across the load of the rectifier by
glowing the LED is shown in figure 12. Cellular GSM
mobile phone radiates the RF signal. Mobile phone is
kept near the rectifier circuit. The voltage measure across
the load is 0.560mv. The load voltage is measured by
voltmeter across the terminal.

Fig. 12 RF energy harvesting by glowing LED

V. CONCLUSION

A Wideband Microstrip patch antenna with integrated
circular slot is designed on FR-4 substrate for RFEH and
bandwidth enhancement applications. The band 2.65
GHz response of the antenna covers the frequency range
of same, design includes circular slots for reducing the
size of the patch antenna and increasing the bandwidth.
The small size of antenna and radiation pattern helps in
energy harvesting applications. For further research in
this proposed work, bandwidth enhancement for same
structure is required.

REFERENCES

1.

2.

3.

4.

X. Lu, P. Wang, D. Niyato, D. I. Kim and Z. Han, "Wireless Networks
With RF Energy Harvesting: A Contemporary Survey," in IEEE
Communications Surveys & Tutorials, vol. 17, no. 2, pp. 757-789, Nov.
2015.

S.  B. Vignesh, N. Nasimuddin, and A. Alphones,
“Stubs-integrated-microstrip antenna design for wide coverage of
circularly polarised radiation,” IET Microwaves, Antennas &
Propagation, vol. 11, no. 4, pp. 444-449, Mar. 2017.

C. Song, Y. Huang, P. Carter, J. Zhou, S. Yuan, Q. Xu, and M. Kod, “A
Novel Six-Band Dual CP Rectenna Using Improved Impedance
Matching Technique for Ambient RF Energy Harvesting,” IEEE
Transactions on Antennas and Propagation, vol. 64, no. 7, pp.
3160-3171, Jul. 2016.

V. Palazzi, J. Hester, J. Bito, F. Alimenti, C. Kalialakis, A. Collado, P.
Mezzanotte, A. Georgiadis, L. Roselli, and M. M. Tentzeris, “A Novel
Ultra-Lightweight Multiband Rectenna on Paper for RF Energy
Harvesting in the Next Generation LTE Bands,” IEEE Transactions on

Retrieval Number: K14530981119/19©BEIESP
DOI: 10.35940/ijitee.K1453.0981119
Journal Website: www.ijitee.org

781

10.

11.

12.

13.

14.
15.

16.

Microwave Theory and Techniques, vol. 66, no. 1, pp. 366-379, Jan.
2018.

B. L. Pham and A.-V. Pham, “Triple bands antenna and high efficiency
rectifier design for RF energy harvesting at 900, 1900 and 2400
MHz,” 2013 IEEE MTT-S International Microwave Symposium Digest
(MTT), Jun. 2013.

S. Shen, C.-Y. Chiu, and R. D. Murch, “A Dual-Port Triple-Band
L-Probe Microstrip Patch Rectenna for Ambient RF Energy
Harvesting,” IEEE Antennas and Wireless Propagation Letters, vol. 16,
pp. 3071-3074, Oct. 2017.

Khemar, A. Kacha, H. Takhedmit, and G. Abib, “Design and
experiments of a dual-band rectenna for ambient RF energy harvesting
in urban environments,” IET Microwaves, Antennas & Propagation,
vol. 12, no. 1, pp. 49-55, Jan. 2018.

M. Aboualalaa, A. B. Abdel-Rahman, A. Allam, H. Elsadek, and R. K.
Pokharel, “Design of a Dual-Band Microstrip Antenna With Enhanced
Gain for Energy Harvesting Applications,” IEEE Antennas and
Wireless Propagation Letters, vol. 16, pp. 1622-1626, Jan. 2017.

M. Fantuzzi, D. Masotti, and A. Costanzo, “A Novel Integrated
UWB-UHF One-Port Antenna for Localization and Energy
Harvesting,” IEEE Transactions on Antennas and Propagation, vol. 63,
no. 9, pp. 38393848, Sep. 2015.

M. Arrawatia, M. Baghini, and G. Kumar, “Broadband Bent Triangular
Omnidirectional Antenna for RF Energy Harvesting,” IEEE Antennas
and Wireless Propagation Letters, pp. 1-1, Apr. 2015.

M. Arrawatia, M. S. Baghini, and G. Kumar, “Differential Microstrip
Antenna for RF Energy Harvesting,” IEEE Transactions on Antennas
and Propagation, vol. 63, no. 4, pp. 1581-1588, Apr. 2015.

R. Gongalves, N. B. Carvalho, and P. Pinho, “Small antenna design for
very compact devices and wearables,” IET Microwaves, Antennas
& Propagation, vol. 11, no. 6, pp. 874-879, May 2017.

B. Garg and P. K. Singhal, “Design And Characterization Of Compact
Microstrip Patch ~ Antenna Using ‘Split Ring” Shaped Metamaterial
Structure,” International  Journal of Electrical and Computer
Engineering (IJECE), vol. 2, no. 5, Jan. 2012.

TWWW.LTSpice XVII

B. Garg, V. Sharma, and N. Agrawal, “Size reduction of Rectangular
Microstrip Patch Antenna incorporated with “INTERCONNECTED
FRAMED SHAPED” Metamaterial structure for WLAN
applications,” 2012 |EEE Students Conference on Electrical,
Electronics and Computer Science, 2012.

CST Microwave Studio © 2010.

AUTHORS PROFILE

Himanshi Sharma currently M.tech student from
Madhav Institute of Technology & Science, Gwalior,
Madhya Pradesh, India. She has obtained B.E. degree
in 2016 from NRIITM, Gwalior Madhya Pradesh, India.
Her current research work includes RF Energy
Harvesting.

Dr. Laxmi Shrivastava currently working as an
Associate Professor in MITS, Gwalior, Madhya
Pradesh, India. She has received Ph.D Degree amd
M.tech degree from RGPV, Bhopal, India. She is
graduated from G.B. Pant University of Agriculture and
Technology, Udham Singh Nagar, Pantnagar,
Uttarakhand, India. She has published 56 Conference
Papers and 25 Journal Papers. Her Research Interest includes Wireless
and Ad-hoc Networking.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

