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Abstract

Wireless power is turning out to be a promising technology in near future. This would not
only be an alternative to batteries and wired supply, but also protect our environment from
the harmful effects of batteries. In this paper analysis of introducing slots in the rectenna is
studied. An experimental RF energy harvesting system to transmit wireless powers using
microwaves is designed and then effects of slot loading on the resonance frequency,
reflection coefficient, bandwidth, and gain are analysed. The design is achieved by creating
two rectangular slots of same physical patch dimensions. The proposed circuit is a
combination of RMPA , followed by a 3™ order stepped impedance low pass filter, matching
network and rectifier using a Schottky diode for microwave(RF) to DC conversion. The
performance of the rectenna is simulated by electromagnetic simulator Computer Simulation
Technology (CST) Microwave Studio. Rectenna offers 198 mV of output DC voltage at
distance of about 15 cm from router.

Keywords: Rectangular Microstrip Patch Antenna (RMPA), Low Pass Filter (LPF),
Rectenna, Computer simulation Technology (CST-MW), Industrial Scientific Medical (ISM),
Slot Loading.
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INTRODUCTION

Wireless applications introduce surplus
Electro-Magnetic (EM) energy into the
environment-energy  which  can  be
scavenged and reused. A rectifying
antenna, also popularly known as rectenna,
is one such means for harvesting that
energy. To demonstrate the potential of
such a design, an efficient rectenna was
developed for operating at low powers in
Industrial-Scientific-Medical (ISM) band
at a single frequency of 2.45 GHz. Over
100 years ago, the concept of wireless
power transmission began with the
patented ideas and demonstrations by
Tesla™. Rectenna is needed to utilize this
wireless energy in an efficient manner.
The incident RF power is transformed into
dc power by the rectifying circuit. The
network for proper impedance matching is
composed of capacitive and inductive
elements. This matching network makes

sure that maximum power is transferred
from antenna to rectifying circuit. Figure 1
gives the block diagram of a basic
rectenna.

Noteworthy efforts have been dedicated to
the improvement of the bandwidth, return
loss or the reflection coefficient and
reduction of size>*? . The easiest among
them is by modifying the radiating patch
i.e slot loading or by modifying the ground
plane i.e. Defect Ground Structure. In all
papers they both have been designed for
optimum results.
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Fig. 1: Basic Rectenna Block Diagram.
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METHODOLOGY

Antenna, Filter Design and Fabrication
Figure 2 shows the basic rectangular patch
antenna. The reflection coefficient,
radiation pattern, gain, directivity and
VSWR are found by simulating the
antenna on CST and measured by
spectrum analyser. The front view of the
proposed rectenna is shown in Figure 4. It
consists of a rectangular microstrip patch
antenna operating at resonant frequency of
2.45 GHz with 50Q microstrip line feed.
The printing of rectenna is on a FR4-epoxy
substrate with relative dielectric constant
er=4.3 and thickness h=1.6 mm3*8].
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Fig. 4: Geometry of Low Pass Filter in
CS.T

Table 3: Filter Design Parameters at

Initially we design the RMPA at desired 2.45 GHz.
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Fig. 2: Rectangular Micro-Strip Patch
Antenna.

Table 1: Parameters and Design
Specifications of Antenna.

S No. | Antenna Parameters Values
1 Resonating Frequency 2.45 GHz
2 Dielectric Constant (relative) 4.3

3 Substrate thickness 1.6 mm
4 Loss Tangent 0.02

Table 2: Calculated Dimensions of Patch
Antenna.

S No. Antenna Parameters Values in mm

1 Patch width 36.855

2 Patch height 29.2

Rectifier Designing

A rectifier is a device that converts
bidirectional alternating current (AC) to
unidirectional direct current (DC).The
process is known as rectification. A simple
half wave rectifier is considered in this

paper.

B0 Hz

Fig. 5: Rectifier Circuit.

Slot Loading

Micro-strip slot antennas were invented in
1938 by Alan Blumlein. Slot antennas or
slot radiators are antennas used in the
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frequency range of 300 MHz to 25 GHz.
They are mostly used in navigation radar.
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Fig.6: Types of Slot in Antenna

(A) Rectangular Slot with Micro-strip Feed.
(B) Rectangular Slot with Coplanar Feed.
(C) Angular Slot with Micro-strip Feed.
(D) Angular Slot with Coplanar Feed.

(E) Rectangular Ring Slot.

(F) Tapered Slot.

These slots provide the merits of low
profile, low cost, size reduction, easier
integration and compatibility with other
circuits and conformability to a shaped
surface. Nowadays, numerous slot antenna
designs for 2.4/5 GHz dual band WLAN
operations have been reported in the
literatures!*®?Y. Slot antennas are an about
M2 elongated slot, cut in a conductive
plate (Consider an infinite conducting
sheet), and excited in the centre.
Microstrip slot antenna is very simple in
structure .1t consists of microstrip feed that
couples electromagnetic waves through the
slot above and slot radiates them.

Equal slots of dimension 16 mm x 1 mm
are cut.

Figure 6 below shows the conclusive
design of rectenna in CST software which
is now ready for final simulation. Figure 7

shows the design with slots cut on antenna
thereby making it a multiband rectenna.

i

Fig. 6: CST View of Rectenna.

e

Fig. 7: CST View of Slotted Rectenna.

RESULTS

Fig.8 and Fig.9 shows the simulated result
of unslotted rectenna and slotted rectenna
on CST simulation software respectively.
It shows -32.485 dB at 2.45 GHz without
slot while -27.43 dB at 2.45 GHz, -39 dB
at 3.25 GHz with slotted rectenna which is
quite improved result for rectenna with
slots.

Figurel0 shows comparison of reflection
coefficient for rectenna with and without
slot loading. Bandwidth changes from
710 MHz to 827 MHz. The result clearly
shows that the return losses further
decreases when slots are added to the
design.Fig.11 shows the radiation pattern
of the slot loaded rectenna. The radiation
efficiency is found to be -0.101, thus
rectenna has 97.7 % radiation efficiency.
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Fig. 9: Simulated S11 of the Slotted Rectenna.
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Fig. 10: Comparison of Reflection Coefficient for Rectenna with and without Slot Loading.
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Fig. 11: Radiation Pattern of the Rectenna with Slot Loading.
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Fig. 12: Gain Plot of the Slot Loaded Rectenna.

Figure 12 shows the gain plot for the slot
loaded rectenna. Max gain of 14 dB is seen
at a frequency of 4.5 GHz. Figure13 shows
the working of the rectenna successfully.
Instead of a resistor at the load, an LED
(Light Emitting Diode) is connected and
the glowing of the LED indicated the
working of the rectenna. The rectenna is
placed in front of the Wi-Fi router which
radiates  electromagnetic  waves  at
2.45 GHz. The designed rectenna offers
198 mV of output DC voltage at a distance
of 15 cm from the Wi-Fi router. Fig. 13: Fabricated Rectenna with LED as
a Load.
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CONCLUSIONS

In this paper, a rectenna is fabricated using
a RMPA, low pass filter, matching
network and single stage rectifier circuit.
Here a compact, planar rectenna is
designed for wireless power reception in
ISM  (Industrial, Scientific, Medical)
frequency band of operations.

The system consists of 3 major blocks. (i)
Antenna which is used for receiving the
signal is operated in the far field region.(ii)
Impedance matching circuit which is used
for matching the antenna with the rectifier.
(i) A half wave rectifier is used to
convert the AC to the DC which has an
efficiency of 659%. These blocks are
individually and integrally verified using
simulations and measurements
successfully.

There are some improvements which can
be done in the future work. (i) The rectifier
can be replaced by the full wave rectifier
for higher efficiency. (ii) The impedance
matching here is generally done for the
first harmonics and the other harmonics
are filtered out. Instead of filtering them,
they can also be matched for good
impedance matching. (iii) A rectenna array
can be used to increase the DC signal
received at the output.

REFERENCES

1. Tesla N. The transmission of electric
energy without wires. The thirteenth
Anniversary Number of the Electrical
World and Engineer.1904 March 5.

2. Gao S.C. and Li J. FDTD analysis of a
size- reduced, dual-frequency patch
antenna. Progress in Electromagnetics
Research. 1999; 23: 59-77p.

3. Gao S.C, Li LW. Small dual-
frequency micro-strip antenna. IEEE
Transaction on vehicular Technology.
2002 Jan; 51(1): 28-36p.

4. Gosalia K, Lazzi G.Reduced size,
Dual-polarized microstrip patch

10.

11.

12.

13.

14.

antenna for wireless communications.
IEEE Trans. Antenna prop. 2003
Sept;.51(9):2182-86.

Bao X.L. and .Ammann M.J. Compact
annular-ring embedded circular patch
antenna with a cross—slot ground plane
for Circular Polarization. Electron.
Lett., 42(4); 2006 Feb:

Bhunia S., Biswas S., Sarkar D, etal.
Experimental investigation on dual-
frequency broad band microstrip
antenna with swastika Slot. Indian
Journal physics, 2007 April; 81(4):
497-9p.

Bhunia S., Sarkar D., Biswas S, etal.
Reduced Size Small Dual-Frequency
Microstrip Antenna. Microwave &
optical Technology Letters. 2008
April; 50(4): 961-5p

Bhunia S., Sarkar P.P. Reduced Sized
Dual Frequency Microstrip Antenna.
Indian J. Phys .83(10), pp- 1457-1461
October 20009.

Guo L., Wang S., Chen X. etal. Parini,
Study of compact antenna for UWB
applications. Electron Lett 2010; 46:
115-6p.

Thomas K.G. and Sreenivasan M.
Compact CPW-fed dual-band antenna,
Electron Lett 2010; 46: 13-14p.

Sim C.Y.D., Chung W.T., and Lee
C.H. Compact slot antenna for UWB
applications, IEEE Antenna Wireless
Propag Lett 2010: 9: 63-6p.

Sarkar S., Sarkar D., Majumdar A.D.
etal, Miniaturization of Rectangular
Microstrip  Patch  Antenna  Using
Optimized Single -Slotted ground
plane. Microwave &optical
Technology Letters. 2011 Jan; 53(1):
111-15p.

Takhedmit, H., Merabet B., Cirio L.
etal. A 2.45 GHz low cost and efficient
rectenna. Proc. 4th Europ. Conf. on
Antenn. and Propag., EuCAP.
Barcelona, Spain, 2010; 33: 1-15p.
Monti G., Congedo F., Donno D. D.
Monopole  based  rectenna  for

JTCET (2015) 32-38© JournalsPub 2015. All Rights Reserved

Page 37



Effects of Introducing Slots

Hridayeta and Singhal

microwave energy harvesting of UHF
RFID systems. Progress in
Electromagnetics Research C. 2012;
31:109-121p..

15. Congedo F., Monti G., Tarricone L.
etal. Broadband bowtie antenna for RF
energy scavenging applications. Proc.
5th European Conf. on Antennas and
Propag., EUCA. 2011; Rome, Italy:
335-7p.

16. Riviere, S., Alicalapa F., Douyere A.
etal. A compact rectenna device at low

power level. Progress In
Electromagnetics Research C. 2010;
16: 137-146p.

17. Casanova J. J., Low Z. N. and Lin J. A
loosely coupled planar wireless power
system for multiple receivers. IEEE
Trans. Ind. Electron. 2009 Aug 56(8)
pp. 3060-68p.

18. Low Z.N., Casanova J.J., Maier P.H.
etal. Method of load fault detection for
loosely coupled planar wireless power
transfer system with power delivery
tracking. IEEE Trans. Ind. Electron.
2010 April; 57(4): 1478-86p.

19. Sheng J., Hong, Lancaster M. J. Micro-
strip  Filters for RF/Microwave
Applications. John Wiley & Sons,Inc.
2001.

20. David M, Pozar. Wiley Publication.
1989; 3rd Edn.

21. Balanis C.Antenna Theory. Wiley
Publication. 2011; 3rd Edn.

AUTHOR’S PROFILE
B.Hridayeta received her B.Tech. from
SRCEM, Gwalio(MP).Currently she is
pursuing  M.Tech. in
- 3 Microwave  Engineering
o from MITS,Gwalior(MP).
g '+ Her research interest
¥ “.% Y includes Antenna and
Microwave communication and their

applications.

Dr. P.K.Singhal received his his B.E. and
Ph.D. Degrees in
Electronics  Engineering
from Jiwaji  University,
Gwalior (MP)- India, in
1987 and 1997,
respectively, and the
M.Tech degree in Microwave Electronics
from the University of Delhi, India in
1989. Currently, he is working as
Professor, in the department of Electronics
Engineering, Madhav  Institute  of
Technology and Science, Gwalior (MP)-
India. He has about more than 100
publications to his credit at the national
and International level. His research
interest includes electromagnetic,
antennas, microwave  circuits &
communication systems.

JTCET (2015) 32-38© JournalsPub 2015. All Rights Reserved Page 38



