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Dual-Band Rectenna for Wireless Information and Power
Transmission of WLAN Applications
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Abstract—A dual-band microstrip rectenna for wireless local area network (WLAN) applications is
presented. It consists of a dual-band dual-polarized receiving antenna and a dual-band high efficiency
rectifier. The receiving antenna includes a circular loop, a coplanar waveguide (CPW), and a microstrip
line. To minimize mutual interference and ensure high isolation of more than 20 dB between the dual-
polarized ports, a CPW is used to produce vertical polarization modes, and the horizontal polarization
modes are fed by a microstrip line. The horizontal excitation port is used for information receiving,
while the vertical feeding port transfers enough wireless energy for rectifying. A co-simulation of HFSS
and ADS is used for analysing the performance of rectenna. Measured results show that it has the
—10dB reflection coefficient bandwidths of 510 MHz (2.39-3.09 GHz) and 920 MHz (5.16-6.08 GHz) for
rectifying Port 1, where the isolation between the ports is higher than 25 dB, and the cross polarization is
less than —15dB in two bands. The maximum microwave-direct current (mw-dc) conversion efficiencies
of 67.7% and 57.03% at 2.45 GHz and 5.8 GHz are achieved with a 3002 load and 16 dBm receiving
power.

1. INTRODUCTION

With the development of information technology, a large number of wireless mobile devices have
emerged, and the demand for them has also increased. However, the limitation of battery power supply
capacity has become the main bottleneck restricting the development of wireless devices [1]. The arrival
of the 5G era has brought greater opportunities to the development of the Internet of Things (IoT)
devices. In addition, it has made the problem of efficiently powering wireless devices. A very appealing
method to supply power for multiple portable electrical devices [2] without using wires and batteries
is the wireless power transfer [3]. At present, the most common wireless energy transmission method
is electromagnetic induction, and its transfer efficiency can reach 90%. However, the transmission
distance is limited to the order of millimeter or centimeter [4]. Microwave Power Transmission (MPT)
technology, which is intended to supply high power through free-space, could provide a good solution
to settle this distance difficulty. This technology is utilized to supply power to high-altitude aircrafts,
wireless sensors, and radio frequency identification [5-9].

Normally, the transmission system will cause a lot of waste of EM energy when receiving data. There
are several EM energy sources available around us such as wasted RF signals sources like Wi-Fi router,
cordless phone, Bluetooth earpiece, and wireless mouse. Simultaneously, most of these wireless devices
resonate at 2.45 GHz and 5.8 GHz. The energy transmitted in radio frequency could be captured by the
receiving antenna and then output as DC power by the rectifier circuit. The combination of antenna
and rectifier is commonly referred to as rectenna. If the receiving antenna could collect electromagnetic
energy while exchanging information, we can greatly improve the EM energy utilization efficiency.
Following that, the concept of Simultaneous Wireless Information and Power Transfer (SWIPT) was
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proposed by Varshney, which means that information and energy can be received and utilized at the same
time [10]. Following that, a linear-polarized rectenna has been suggested to realize SWIPT usage in [11].
However, it can only transmit information and collect energy at different times. In [12], a dual-polarized
H-shaped printed slot antenna designed in WLAN 2.45 GHz is proposed. A compact dual-band dual-
polarized loop-slot planar antenna for multiple-input-multiple-output (MIMO) system was presented
in [13], which covers WLAN 2.45 GHz band and WiMAX 3.5 GHz band. Both of them are based on
a similar principle for creation of odd and even mode in CPW. Moreover, the aperture-coupled dual-
polarized antenna operating at 5.8 GHz has been used to realize SWIPT in [14], which explained how to
apply dual-polarized antennas to the system and verified the feasibility. The two orthogonal polarized
ports can be used to receive information and energy, respectively. Various single-band rectennas for the
ISM band (2.45 GHz) have already been investigated in [15-17]. In general, single-band rectifiers can be
used to realize high efficiency easily. Most of these single-band rectennas output insufficient voltage and
limit their usage for dual-band applications. Thus, dual-band rectifiers are also highly demanded. In
addition, a dual-band microstrip rectifier operating at 2.45 GHz and 5.8 GHz was proposed in [18-22]. A
dual-band rectenna for energy harvesting applications was proposed in [23], with the maximum RF-DC
conversion efficiencies of 63% and 54.8% at 2.45 GHz and 5.8 GHz. However, the rectenna has only one
polarized port and cannot transmit information and energy simultaneously.

In this paper, we propose a rectenna for SWIPT usage which is based on a dual-band dual-
polarized antenna in conjunction with a dual-band rectifier. The low-profile dual-band dual-polarized
slot receiving antenna can operate well at 2.45 GHz and 5.8 GHz, which has high isolation, stable
radiation patterns, and low cross polarization. The dual-band rectifier circuit and the antenna are
located on a low-cost FR4 substrate for better integration. Meanwhile, the rectifier works well at the
two ISM bands (2.45 and 5.8 GHz), with the measured maximum RF-DC conversion efficiencies of 67.7%
and 57.03% at 2.45 GHz and 5.8 GHz.

The following content of the paper will be arranged as follows. Section 2 focuses on the design
of dual-band dual-polarized receiving antennas and the simulation results. In Section 3, it mainly
introduces the design, simulated and measured results of the dual-band rectenna. In Section 4, some
conclusions are finally given.

2. RECEIVING ANTENNA DESIGN AND ANALYSIS

We propose a dual-band dual-polarization circular slot receiving antenna, as shown in Figure 1. In order
to ensure high SWPIT performance, the two ports of the dual-polarization receiving antenna should
minimize mutual interference when receiving energy and information at the same time. This requires
improving the isolation of the two ports of the dual-polarized antenna. The antenna is designed on an
inexpensive FR4-epoxy substrate with a thickness of 1.6 mm, loss tangent of 0.02, and relative dielectric
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Figure 1. Configuration of the proposed slot antenna.
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permittivity of 4.4. Above the substrate is an L-shaped microstrip line, which is fed from Port 2 and
excites horizontal polarization. A circular loop and a CPW are designed on the back of the substrate.
The CPW connected with the circular loop fed from Port 1 excites vertical polarization. Using two
different feeding methods of CPW and microstrip line can improve the isolation and reduce the mutual
interference of the two polarized ports. Compared with a similar principle in [12], the dual-polarized
antenna in this paper can achieve dual polarizations in two ISM bands.

Two orthogonal polarization ports are used to transmit energy and information respectively. The
design process of the receiving antenna is simulated by HFSS software. The final geometrical optimized
parameters are shown in Table 1. The resonance frequencies of the vertical polarization mode and
horizontal polarization mode are respectively determined by R;, Ro, and R3. When Port 1 is fed and
Port 2 matched, there is an odd mode in the CPW structure, and the resonant performance is mainly
affected by Lp; and Lps. On the contrary, when the antenna is fed from Port 2, an even mode is excited
in the CPW, mainly by adjusting the dimensions of As, A3, A4, and L, to make it better match in two
bands [13].

Table 1. Geometrical values of the proposed antenna.

Parameter | Value (mm) | Parameter | Value (mm) | Parameter | Value (mm)
By 32 By 1.93 W 1.1
Ay 40 Lps 13 As 8
L, 13 B3 0.8 Az 12
Ry 24 S 0.54 Ay 11
Ry 13.3 S, 14 W, 0.4
Lp; 12 Sw 0.5

At 2.45 GHz and 5.8 GHz, when Port 1 is excited, Figure 2(a) shows that the distribution current
density is relatively large on both sides of the circular slot loop, mainly concentrated on the CPW and
the two vertical edges. At the same time, the direction of current on the upper side of the circular slot
loop is opposite, canceled each other out, and the density is small. Receiving antenna produces vertical
polarization mode. On the contrary, when Port 1 is matched and Port 2 fed, Figure 2(b) indicates that
the current is mainly coupled on the upper edge of the circular slot loop, and the current density on
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Figure 2. Simulated surface current: fed from (a) Port 1 and (b) Port 2.
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Figure 3. Photograph of the proposed antenna. Figure 4. Measured and Simulated S-parameters
of the proposed antenna versus frequency.

each side edge is relatively small. Thereby the antenna radiates horizontally polarized fields.

As shown in Figure 3, the proposed antenna was fabricated and measured using the Vector Network
Analyzer (VNA) Keysight N5224A. Figure 4 shows the measured and simulated S;;-parameters of Port
1, Sgo-parameter of Port 2, and the isolation S9; between two ports. Throughout the ISM (2.45 and
5.8 GHz) bands, the measured results could agree well with simulated effects. In the lower band,
the measured results show —10dB impedance bandwidths of 550 MHz (2.41-2.96 GHz) at Port 1 and
290 MHz (2.39-2.68 GHz) at Port 2. Moreover, the measured isolation is higher than 25dB, while the
lowest values of S1; and S9y are —25dB and —40dB at their resonant frequencies, respectively. In
the upper band, the measured —10dB bandwidth of reflection coefficients 517 and Soo are 920 MHz
and 798 MHz. Simultaneously, the lowest values of Si1; and Sos are —30dB and —40dB at their
resonant frequencies. Since the receiving antenna and the rectifier circuit designed in the next section
are frequency dependent, the frequency offset will cause mismatching, so it is necessary to widen the
bandwidth. Hence the stepped feed is introduced to widen the bandwidth of the two bands.

The radiation patterns were measured using a signal generator, a spectrum analyzer, a antenna
test turning platform, and horn antennas. Figure 5 and Figure 6 illustrate the measured and simulated
radiation patterns of Port 1 and Port 2 at their corresponding resonance bands. As can be seen, the
measured and simulated results agree well with each other. Figure 5 shows the H-plane patterns and
FE-plane patterns of Port 1 at two bands. Figure 6 illustrates the patterns of Port 2 at their resonance
frequencies. For Port 1, the vertical polarization is the dominant polarization, and the horizontal
polarization is the cross polarization. Moreover, when Port 1 is matched, the horizontal polarization
is the dominant polarization. It is seen from the figures that the antenna has low cross polarization.
The patterns for E-plane of two ports at both bands exhibit quasi-8 shapes. In addition, the H-plane
patterns present omnidirectional characteristics at both bands. The maximum measured gains are
observed to be higher than 2.66 dB and 3.16 dB for Ports 1 and 2 in the lower band. In the upper band,
the maximum gains of the vertical polarization and horizontal polarization are 4.71 dB and 5.31dB at
their central frequencies.

3. THE RECTENNA DESIGN AND MEASUREMENT

3.1. Rectifier Design

In this part, we propose a dual-band rectifier consisting of a matching network and a dc-pass filter, as
shown in Figure 7. The design and performance of the rectifier are analyzed using harmonic balance
simulation in Advanced Design System (ADS). The rectifier using microstrip lines is located on the
FR4 substrate, which is the same as antenna. The final physical dimensions are shown in Table 2.
The topology matching network and the choice of diode determine the overall efficiency of the rectifier.
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Figure 5. Measured and simulated radiation patterns for Port 1. (a) 2.45 GHz, zz-plane. (b) 2.45 GHz,
yz-plane. (c) 5.8 GHz, xz-plane. (d) 5.8 GHz, yz-plane.

Table 2. Geometrical values of the proposed rectifier.

Parameter | Value (mm) | Parameter | Value (mm) | Parameter | Value (mm)
Wy 3 L 26.6 W 3.7
Ly 5.5 Wy 0.55 Lg 20.3
Wo 0.7 Ly 10.1 W» 3.2
Lo 27.1 Ws 2.6 Ly 4.85
Ws 0.6 Ls 14.5

The m-shaped topology is introduced to the network for realizing accurate impedance matching at both
bands simultaneously. Moreover, a packaged Schottky diode HSMS2860 is adopted with built-in turn-on
voltage V4; = 0.3V and the breakdown voltage Vp = 7V in the circuit.

Figure 8 shows the simulated reflection coefficient versus two operating frequencies. As can be seen,
the lowest values of Syi-parameters are —30dB and —40dB at 2.45 GHz and 5.8 GHz when the optimal
input power is 16 dBm, and the load is 300 €.
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Figure 6. Measured and simulated radiation patterns for Port 2. (a) 2.45 GHz, yz-plane. (b) 2.45 GHz,
xzz-plane. (c) 5.8 GHz, yz-plane. (d) 5.8 GHz, zz-plane.

3.2. Rectenna Measurement

To validate the performance, the rectifier working at 2.45 GHz and 5.8 GHz is fabricated and tested.
Photographs of the rectenna and the measurement setup are illustrated in Figure 9. The vertical
polarization port is used for rectifying, as shown in Figure 9(a). Actually, the rectenna can also use its
vertical polarization port for information receiving and horizontal polarization port for rectifying. We
display the first measurement strategy. The antenna and rectifier were connected by an SMA connector
for testing purpose. The conversion efficiency can be calculated according to the following formula:
(‘/load)2 % 1 1 1
I Rload P 00% ( )
where Vioqq and Py, are the output dc voltage across the load resistance and the input power. As can
be observed, the input power is obtained by Keysight N5183B. Moreover, the output DC voltage (Vjoaq)
is measured by a voltage meter. The simulated and measured rectifying efficiencies with corresponding
output voltage variation as a function of different input powers are shown in Figure 10. The different
input powers are obtained by changing the output power of the signal generator. From Figure 10, the
conversion efficiency and output voltage improve as the input power increases. The maximum simulation
values of 70.2% (at 2.4 GHz) and 61% (at 5.8 GHz) are observed across a 3002 load under the optimal
input power of 16 dBm, while the measured peak efficiencies are 67.7% (at 2.45 GHz) and 56.2% (at
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Figure 9. Photograph of (a) the rectenna and (b) experimental setup.
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5.8 GHz). However, there is a negligible increment in output voltage after achieving its maximum
value. The reason for this phenomenon is that the rectifying diode will be saturated at a certain input
power. Simultaneously, the output voltage is increased to be close to the breakdown voltage. Then,
the efficiency decreases sharply with the input power after the optimal value. Figure 10 shows that the
efficiency is higher than 50% with the input power range of 7 to 20dBm at 2.45 GHz. In addition, the
efficiency is more than 50% with the range of 9 to 19dBm at 5.8 GHz. This shows the rectenna is less
sensitive in this range of input power values. It can also be noted that the maximum efficiency obtained
at 2.45 GHz is higher than that at 5.8 GHz. The reason is that the rectifier leads to more energy loss
at 5.8 GHz than that at 2.45 GHz. To obtain the optimal value of the load, a Rheostat was selected to
facilitate the experiment. Figure 11(a) shows that the rectifying efficiency increases with the load and
reaches its peak values of 67.4% (at 2.4 GHz) and 56.8% (at 5.8 GHz) when the load is 3002, then it
gradually decreases.
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Figure 10. Measured efficiency and output voltage as a function of input power at 2.45 GHz and
5.8 GHz. (a) Conversion efficiency. (b) Output voltage.
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4. CONCLUSION

A novel dual-band loop-slot microstrip rectenna for SWIPT usage is proposed in this paper. The
prototype is fabricated and measured. By introducing two different feeding structures of CPW and
microstrip line, the receiving antenna improves the port isolation and reduces the mutual interference
of the two polarized ports. Measured results show that the isolation is higher than 25 dB, and the cross
polarization is less than —15dB in two bands. The step-feed can expand the bandwidth of the receiving
antenna when legitimately arranging the ratio of the width and length of the feedline. —10dB reflection
coefficient bandwidths of 510 MHz (2.39-3.09 GHz) and 920 MHz (5.16-6.08 GHz) are measured at the
rectifying Port 1. By applying the m-shaped topology, the rectifier can realize accurate impedance
matching at both bands. At 2.45 GHz and 5.8 GHz, the rectenna shows that the maximum measured
efficiencies are 67.7% and 57.03% under the conditions of 3002 load and 16 dBm input power. The
dual-band dual-polarized trait, compact size, low cost, and high port isolation are the key advantages of
the proposed rectenna. The rectenna can harvest energy sources available around us such as wasted RF
signals sources like Wi-Fi router, cordless phone, Bluetooth earpiece, and wireless mouse. Even though
the harvesting power is small, it is adequate for various low-power devices such as RFID tags, wireless
sensors, and smartwatch. In addition, it can also transfer information between them. With these good
performances, the rectenna can be a good candidate for low-power WLAN applications.
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