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Abstract

The paper presents a dual band dual polarized antenna
working at frequencies of 2.18 GHz and 2.9 GHz. The an-
tenna has a realized gain of 8.2 dB and 8.78 dB at 2.18 GHz
and 2.9 GHz respectively. This is integrated with a energy
harvesting circuit through a network consisting of a rat race
coupler and a dual frequency wilkinson power divider. The
harvesting circuit provides a power conversion efficiency of
68.8 % at 5 dBm input power.

1 Introduction

Metamaterial based antennas are widely used nowadays
for various applications. Various types of metamaterials
and their applications in designing novel electromagnetic
devices have been presented in [1]. Metamaterial anten-
nas have been used for improving the gain of the anten-
nas [2–5]. The high gain antennas find applications in de-
sign of energy harvesting rectennas [6].

Energy harvesting is being investigated for low power wire-
less sensor network applications, mainly to eliminate the
use of batteries, thereby reducing the environmental pollu-
tion as well as eliminating the need for manual intervention
in replacing the used batteries. Due to abundance of RF en-
ergy in the environment in the form of cellular base stations,
Wi-Fi routers etc., a portion of the radiated energy can be
harvested to power up the sensors. Many recent works [7]
reported the use of rectennas, a combination of antenna and
energy harvesting circuit, for extracting ambient RF energy
from the environment. A rectifying circuit with a half wave
rectifier topology consists of a schottky diode, a DC low
pass filter and load. Stepped impedance filter has been used
in [8] as a DC pass filter to suppress the higher harmon-
ics. In [6], a dual band array antenna has been used for
harvesting, which also uses a stepped impedance DC pass
filter. In [9], a dual band dual polarized antenna is designed
where one port was used for transmission and other port for
energy harvesting applications with a gain of 7.2 dB.

In this paper, an integrated metasurface loaded dual band
dual polarized dipole antenna is designed. Dual polariza-
tion is obtained be placing a similar antenna orthogonal to

the first antenna. Lower band of the antenna which is oper-
ating at GSM 2.2 GHz band is used for RF energy harvest-
ing and the higher operating band is kept for transmitting
purpose. The power received from both the antenna is given
to a network that separates the two bands of the antenna and
harvests energy from a single frequency band.

The paper is divided into following sections. Section 2
gives description about the antenna design. In section 3,
rectifying circuit construction is explored briefly. In subse-
quent sections, the results of the overall network have been
presented followed by conclusions drawn.

2 Antenna Design

The antenna design has been shown in Fig. 1. The antenna
has been made up using a simple cylindrical dipole having
two arms which was extruded from the metallic feed line
portion of the Microstrip BALUN. A planar microstrip bal-
anced to unbalanced transmission line is designed to match
the antenna from the single ended source. This microstrip
BALUN is designed on a substrate having permittivity of
2.2, loss tangent of 0.001and thickness of 0.8 mm. Fur-
ther to enhance the radiation pattern of the antenna that is
to make it unidirectional and to induce a surface wave as-
sisted mode, an optimized AMC based metasurface is de-
signed. Two metasurface based dipole antennas are placed
orthogonal to each other as shown in Fig. 1 (b) to achieve
polarization diversity as well as good isolation characteris-
tics.

3 Rectifier Circuit Design

The rectifying circuit shown in Fig. 2 is designed two
stages. In the first stage, the dual frequency inputs at 2.18
GHz and 2.9 GHz from the antenna are given to the two
inputs of the rat race coupler (RRC) [10]. The rat race cou-
pler is designed for a frequency of 2.54 GHz so that it can
cover both the bands. The combined signal is collected at
the sum port of the coupler. This output signal is given to a
dual band wilkinson power divider working effectively at a
frequency of 2.18 GHz and 2.9 GHz respectively [11]. The
combined signal is then split equally in both the frequency
bands. The output power from the branches is further given



(a) Top view

(b) Side view

Figure 1. Geometry of the antenna

to a butterworth band pass filter to pass only the respec-
tive frequency component. By this way, the two ports of
the dual frequency Wilkinson power divider will have the
frequencies of 2.18 GHz and 2.9 GHz respectively. The
design has been realized in Keysight ADS [12]. The two
inputs to the rat race coupler are two tone power sources,
representing the two antennas. In the subsequent stage a

Figure 2. Rat race coupler combined with dual band
Wilkinson power divider

energy harvesting circuit shown in Fig. 3 is designed to
harvest the energy at 2.18 GHz. The circuit consists of a
stepped impedance low pass filter, a load of 1000 Ohms,
connected to commercially available schottky diode HSMS
2850 [13]. The impedance of the network is matched to
the first stage by means of a open stub matching network,
designed and optimized in Keysight ADS [12]. The entire
circuit has been designed using ideal transmission lines and
can be implemented using microstrip framework for practi-
cal applications. The entire circuit has been designed using
ideal transmission lines and would be implemented using
microstrip transmission lines for future applications.
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Figure 3. Energy harvesting board

4 Results

4.1 Antenna results

Figure 4 shows the unit cell of the Artificial Magnetic Con-
ductor and its description when it is working in as a Reac-
tive Impedance Surface (RIS). Fig 4 (b) is used to calculate
the phase constant over the frequency in CST MWS [14]
with proper boundary conditions. This AMC unit cell is
printed on Rogers RO3003 substrate having permittivity of
3, loss tangent of 0.001 and thickness of 3mm. Fig. 5 de-
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Figure 4. (a) AMC Unit Cell (b) RIS Configuration

picts the characteristics of the proposed patch type AMC
surface. From Fig. 5(a) it is noticed that at 2.2 GHz the
inductive phase of the reflection phase compensates the ca-
pacitive effect of the below dipole resonance which is es-
sential for good input impedance matching. Also due to the
near zero reflection phase at around 2.2 GHz the dipole ra-
diation becomes unidirectional and the front to back lobe
ratio (FTBR) enhances remarkably. Fig. 5(b) shows the
electric field distribution in the YZ plane at 2.2 GHz. It de-
scribes that the AMC loaded dipole antenna radiates mainly
from the central region of the dipole at the lower resonance.
Fig. 5(d) depicts the amplitude of the E filed in the X direc-
tion at 2.9 GHz. It is also observed that on the top plane of
the metasurface, the tangential component of the Magnetic
Field exhibits higher intensity in the Y direction. From
these plots it can be inferred that the AMC Surface radiates
along the two open ends in the X direction. These plots
also show that the higher resonance is obtained due to the
TM surface wave coupling along the X direction which was
further verified by the TM surface wave dispersion diagram
presented in Fig. 5 (c). It shows that a single RIS based
(shown in Fig. 4(b)) patch can produce 300 phase shift at
around 3.1 GHz (shown by the coordinates in the Fig. 5(c)),



Figure 5. (a) Reflection phase curve over frequency band. (b)
Amplitude of the Ex above the metasurface at 2.9 GHz (c) Phase-
shift variation over the frequency. (d) Electric field distribution at
XZ Plane at 2.9 GHz

So in order to excite TM01 (for 1800 phase shift) three of
such unit cells are combined. But because of the presence
of the fringing fields from both the open ends along the
X direction, the simulated resonating frequency becomes
is observed less and it is around 2.9 GHz. This surface
wave assisted mode excitation is done parasitically from
the dipole antenna. So by this technique a dual band unidi-
rectional antenna can be designed with good gain and high
FTBR. It is noticed that at the lower band, antenna FTBR
is noted around 17 dB and at the higher band the antenna
FTBR is observed around 25 dB. When compared with [9],

Figure 6. S parameter plot of the antenna S11, S12

the performance of the antenna is increased, both in terms
of gain as well as FTBR. The reflection co-efficient plot of
the antenna is shown in Fig. 6. The antenna resonates at
2.2 GHz with a return loss of 35 dB and 2.9 GHz with a
return loss of 13 dB as indicated by the shaded bands. The
radiation patterns of the antennas have been shown in Fig. 7
for both the resonating frequencies. The simulated gains of
the antenna are observed around 8.2 dB and 8.78 dB at the
frequencies 2.18 GHz and 2.9 GHz, respectively. These are
about 5 dB more than that of a conventional dipole antenna

gain. The cross polarization level is observed less than -15
dB in both the principal planes of the antenna.

(a) YZ plane at 2.18 GHz (b) XZ plane at 2.18 GHz

(c) YZ plane at 2.9 GHz (d) XZ plane at 2.9 GHz

Figure 7. Radiation pattern plots of the antennas at 2.18 GHz
and 2.9 GHz

4.2 Rectifier Circuit results

The output power at the sum port of the rat race couple is
shown in Fig. 8. The two input power from the antennas
at the respective terminals are added up at this terminal and
this combination is fed to the dual band WPD. In Fig. 9 the
output of the band pass filters at the terminals of the dual
band WPD are shown along with the combined inputs. It
can be observed that the band pass filters filter out the in-
dividual frequency components at 2.18 GHz and 2.9 GHz
respectively. The rectifying circuit is designed to operate

Figure 8. Power at the input and output of Rat Race coupler

at a frequency of 2.18 GHz. The power received by the
SMA connector is passed to the load through matching net-
work, diode and the rectifying circuit. The performance of
the rectifier circuit is mainly evaluated by the parameter,
power conversion efficiency (PCE). The power conversion
efficiency is given by the equation:

PCE(%) =
Out put DC power
Input RF power

×100 (1)



For this circuit, the power conversion efficiency is found

Figure 9. Power at the input of network and output of BPF.

to be 68.8 % corresponding to the input power of 5dBm as
shown in Fig. 10. The return loss at corresponding input
power is found to be 17.6 dB.

Figure 10. Power conversion efficiency and return loss plot
for the rectifying circuit.

5 Conclusion

A dual band dual polarized antenna working at frequencies
of 2.2 GHz and 2.9 GHz has been integrated with a energy
harvesting through a network consisting of a rat race cou-
pler and a dual frequency wilkinson power divider. The
harvesting circuit at 4 dBm input power provides a power
conversion efficiency of 68.8 %. The advantage of the pro-
posed antenna is that it simultaneously transmit and as well
as harvest energy from the GSM band with polarization
flexibility.
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