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A WIDEBAND ANTENNA ARRAY FOR RF ENERGY HARVESTING
Le Minh Thuy’, Dinh Quang Minh

Abstract: In this paper, we introduce a wideband antenna array for RF energy
harvesting from 3G/4G and Wi-Fi. The array consists of four parallelly linked
wideband antenna elements and a metallic reflector to enhance gain and suppress
back lobe radiation. In measurement, the antenna array possesses a wide bandwidth
spanning from 1.6 GHz to 2.5 GHz, fully cover the three harvested bands, and the
high gains between 13.5 dBi and 14 dBi. The antenna is employed in a multiband
rectenna for energy harvesting and placed in the ambience. The rectenna was able
to collect up to 0.27 mW power.
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1. INTRODUCTION

Harvesting energy from RF signals in the ambient environment is a potential
solution to replace batteries as the primary power supply for low-powered
electronics devices. Due to the low power density of RF waves in the ambient
environment, only around 1 uW/cm?[1], it is essential to use antenna array as the
receiver instead of a single antenna in order to harvest enough power to supply any
device. In addition, it is desirable for the antennas to operate at multiple
frequencies instead of only single band because there are many communication
bands exist in the environment, namely 3G/4G, GSM, Wi-Fi,...

However, due to the complication in feeding and matching circuits, few
previous works have been able to realize a wideband antenna array. The impedance
of the antenna array can be matched at one frequency while being strongly
mismatched at others. Therefore, most previous works on multiband energy
harvesting employ a single multiband or wideband antenna instead of an array [2]-
[4]. For example, in [5], the quad-band rectenna uses a single bow-tie antenna with
slots for receiving energy, which is able to operate at 840 MHz, 1.8 GHz, 2.1 GHz
and 2.45 GHz. The classical monopole antennas are also frequently employed to
provide ultrawide bandwidths. Yet, they have low gains due to their intrinsic
natures. In one of a a few works on multiband/wideband antenna array for energy
harvesting, a 1x4 array of quasi-Yagi antennas is able to achieve a bandwidth that
fully covers the 1.8 GHz and 2.1 GHz, and a high gain around 12 dBi [6].
However, the nearby 2.45 GHz, 2.6 GHz or 900 MHz are still not covered.

In an effort to enhance the amount of power harvested, we present a wideband
antenna array for energy harvesting from 3G/4G and Wi-Fi sources. The
bandwidth of the proposed antenna spans wide enough to fully cover the 1.8 GHz,
2.1 GHz and 2.45 GHz bands, while the antenna gain stays higher than 11 dBi at
all of those frequencies.

The following parts of the paper are arranged as follow: section 2 provides the
design of the antenna, section 3 provides the antenna measurement, section 4 is the
antenna in a rectenna for energy harvesting, and finally section 5 is the conclusion.

2. ANTENNA DESIGN
The array consists of 4 elements, each one is a circular monopole antenna,
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horizontally arranged on a RO4003C substrate (¢ = 3.55, tand = 0.0027) of 1.5mm
thick. The four antennas are linked together via a corporate feeding network. A
metallic reflector is put at the back of the antenna array as shown in figure 1.
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Figure 1. Schematic and image of the antenna array.

The monopole antenna is well known for its wideband property. Therefore it is
the right candidate for the role of element antenna in this array. By optimizing the
geometrical dimensions, namely patch’s radius r, feed length | and width w, a
desirable bandwidth, covering the intended frequency bands can be achieved.
However, the antenna’s omnidirectional pattern means its gain cannot be very high.
By connecting the monopole antennas together via a T-junction power combiner, a
1x4 array is formed and, in theory, will significantly enhance the antenna gain. The
task is to maintain the bandwidth as the elements are linked together. This can be
carried out as follow: after simulating a single element in CST software, its input
impedance is extracted and then the 4-to-1 power combiner is designed using ADS
software with the 4 input ports having the same input impedance of the antenna
element. The effects of each parameter w; to weg, di, do, l1, I2, wy and Iy on the
combiner’s performance can be observed and changed using CST software, and
from that, optimized parameters is obtain to achieve desirable result.

The monopole array, due to the omnidirectional pattern of each element,
possesses the equally large front lobe and back lobe. To further enhance the gain, a
reflector is placed at a distance d, behind the array, completely quenches the back
lobe. Parameter d; along with the reflector’s size |, and w; are optimized to achieve
the maximum gain possible without significantly affecting the bandwidth. A
deeper insight on the role of the optimal distance d, can be understood as follow:
By assigining d; as A/4 of frequency f, the reflected waves from the reflector
cancels the radiated waves at the antenna, thus does not affect the S;;. Here we
choose d; as A/4 of the central frequency 2.1 GHz. At other frequencies, the Sy; will
be affected at a certain level. As seen from fig. 3b, as d; increases, the bandwidth is

40 L. M. Thuy, D. Q. Minh, “A wideband antenna array for RF energy harvesting.”



Research

broadened and becomes narrower, the picked d; achieves a good compromise
between deep S;; and wide bandwidth.

The antenna dimensions are respectively: r = 28 mm, It = 14 mm, ws = 4 mm, w;
to wg are 6, 2.1, 4.8, 3, 1.3, 6 mm, d; = 57.6 mm, d, = 125.8, I, = 7.5 mm, |, = 15
mm, lg = 35.8 mm, wy = 253.2 mm, |, = 142.6 mm, w, = 293.2, and d, = 35 mm.
With those dimensions, the array possesses a wide bandwidth in CST simulation,
spanning from 1.75 GHz to 2.55 GHz, fully covers the 1.85 GHz, 2.1 GHz and
2.45 GHz bands.
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Figure 2. Simulated Sy; at different values of d,.

Figure 2 presents the refflection coefficient of the proposed antenna array with
differenct value of d; from 15 cm to 50 cm. This optimal distance of 35 cm is
chosen because the antenna bandwidth at — 10 dB of refflection coefficient is from
1.75 GHz to 2.55 GHz as required. At the distance of 40 cm to 50 cm, the
reflection coefficient is smaller than but the antenna array size is increase.

3. ANTENNA MEASUREMENT

Figure 3 presents the simulated and measured refflection coefficient of the
antenna array. The simulated and measured antenna radiation pattern at three
frequencies of 1.85 GHz, 2.1 GHz and 2.45 GHz is shown in figure 4.
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Figure 3. Simulated and measured S;; of the antenna array.
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Figure 4. (a) 3D Simulated radiation pattern of antenna array at 1.85 GHz, 2.1

Ghz and 2.45 GHz; (b) Simulated and measured radiation pattern of the array.
Solid lines are simulation results and dash lines are measurement results.
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Figure 5. Simulated peak gain of the antenna array.
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The peak gain over the bandwidth from 1.8 GHz to 2.5 Ghz is illustrated in
figure 5. As can be observed, the peak gain is from 12.2 dBi to 14.5 dBi over the
wide frequency band.

Measurement agrees well with simulation, with the measured gains being 13.5
dBi, 14 dBi and 13.8 dBi at 1.85 GHz, 2.1 GHz and 2.45 GHz,. Respectively, and
the bandwidth spanning from 1.55 GHz to 2.5 GHz in measurement. Such wide
bandwidth is enough to fully cover the 3G/4G and Wi-Fi bands while the high
gains ensure a large amount of harvested power. The half-power beam-widths in
H-plane are around 30° to 40° for all three frequencies. Meanwhile, in E-plane are
45° 40° and 60° respectively. The measured radiation patterns have some
differences from the simulated results due to unideal testing condition. The
difference is more significant at larger angle, and the measured beamwidths are
somewhat larger, especially in E-plane. However, at normal direction, we can still
observe a good agreement between simulation and measurement.

The antenna array performances are comparable to earlier works [2-4] in table
1. As shown, this proposed antenna has wider bandwidth and higher gain at three
center frequencies 1.85 GHz, 2.1 GHz and 2.45 GHz.

Table 1. A comparison between the proposed antenna and earlier works.

Ref. Frequencies Bandwidth Gain

[2] | 2.45GHz,5,5GHz | =50 MHz at 2.45 GHz, 7.52 dBi at 2.45 GHz
~ 100 MHz at 5.5 GHz 7.26 dBi at 5.5 GHz

[4] 0.9 GHz, 1.8 GHz, 100 MHz at 0.9 GHz, | 8.15dBiat0.9 GHz 7.15

2.1 GHz 400 MHz from 1.8 GHz dBi at 1.8 GHz,
to 2.2 GHz 8.15dBi at 2.1 GHz
[6] 1.8,2.1 ~450 MHz from 1.8 10.9 dBi at 1.8 GHz,
GHz to 2.25 GHz 13.3dBiat 2.1 GHz
This 1.85 GHz, 2.1 ~880 MHz from 1.62 13.5 dBi at 1.85 GHz
work | GHz and 2.45 GHz GHz to 2.5 GHz 14 dBi at 2.1 GHz

13.8 dBi at 2.45 GHz

4. ANTENNA ARRAY IN ENERGY HARVESTING APPLICATION

The antenna array is connected to a triple band rectifier and put under the real
ambience testing. The consuming device is replaced with an equivalent resistive
load of 2.7 kQ. The rectenna was placed at a certain position inside the campus, 30
metre away from a base station, which transmit the 1.85 GHz and 2.1 GHz bands,
while the 2.45 GHz bands was collected from ambient Wi-Fi. The maximum
voltage recorded was 482 mV, correspond with around 0.27 mW power. In most of
the time, the output voltage fluctuated between 250 mV and 300 mV. One may
expect the amount of harvested power to be much higher when the rectenna is
placed closer to the base station. Due to the three frequencies were harvested
simultaneously, it was difficult to tell how much power belongs to each bands.
These amounts of power is still insufficient to fully supply an electronic devices,
however, it is enough for some low-powered wireless sensor in sleep mode or
some limited function.
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Figure 6. The antenna array inside a rectenna in the ambience.

In ambient energy harvesting, it is believed that an antenna with wide
beamwidth or even omnidirectional radiation pattern is more suitable compared to
high gain antennas, because such antenna may operate under arbitrary direction of
incidence. However omnidirectional antennas have low gains. In our testing
scenario, the power source was known and static. In urban area, base station towers
are everywhere, and dedicated positions near the towers are the ideal places for
rectennas. The direction of arrival is no longer uninformed but in fact already
known. Therefore, high gain antennas can also work well for energy harvesting
application.

5. CONCLUSIONS

In this paper, we propose a wideband antenna array for ambient energy harvesting
from the 3G/4G and Wi-Fi sources, corresponding with 1.8 GHz, 2.1 GHz and 2.45
GHz bands. The antenna array is formed by four monopole antennas parallelly
linked via a corporate feed, and backed by a metallic reflector. Measurement shows
a wide bandwidth spanning from 1.55 GHz to 2.5 GHz, fully cover the three
harvested bands. The array also yields high gains, from 13.5 dBi to 14 dBi. Such
advantages make it suitable for ambient energy harvesting. The array was connected
to a triple-band rectifier and placed in the ambience, where it was able to harvest up
to 0.27 mW. That amount of power is enough for some low-powered electronic
devices such as wireless sensors in sleep mode and limited functions.
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TOM TAT

MANG ANG TEN BANG THONG RONG CHO UNG DUNG THU HOACH

T

NANG LUONG TU SONG PIEN TU

Bai bdo nay dé xuat mgt mdang dng ten bang théng réng cho ing dung thu
hoach ning heong tir séng dién tir & dai tan 3G/4G va Wi-Fi. Mdng dang ten
duroC ta0 nén tur bon dng ten don cuc bang thong rong, két néi véi nhau qua
mach cdp nguan song song, Véi mgt tam phan xa bang kim logi o phia sau dae
ngdn chdn bic Xg ¢ mat sau. Két qua ché tao va do dac cho thdy mang dng
ten ¢6 bang thong rong trai dai tr 1.55 GHz dén 2.5 GHz, hoan toan bao
trim ba bdng tan mong muén, va dé loi cao tur 13.5 dBi dén 14 dBi. Mang
dang ten dwoc két noi véi mét chinh luu ba tan sé, va thir nghiém bén ngoai
méi trwong. Két qua 1a hé thong thu hoach néing heong c6 thé thu dwoc téi
0.27 mW cong sudt.

khda: Mang ang ten; Ang ten don cuc; Ang ten bang théng rong; Ang ten chinh luu.
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