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Abstract—A slot-coupled stacked patch antenna operating at 
35GHz with dual-polarized operations is presented in this paper. 
To achieve wide bandwidth and high gain at 35GHz, four 
parasitic patches are located above the active element. The 
measured results show that the frequency bandwidth of S11 less 
than -10dB covers 30-40GHz and the isolation between two 
polarization ports is higher than 20dB at the center frequency of 
35GHz. The peak gain at is 9dBi. Both theoretical and 
experimental results of reflection coefficient, isolation, and 
radiation patterns are presented and discussed.  

Index Terms— stacked patch antennas, dual-polarization, 
millimeter wave 

I. INTRODUCTION 

Since 1960s, space solar power transmission (SPT) and 
microwave wireless power transmission (WPT) have 
become an interesting topic for an energy transmission [1]. It 
involves the conversion of DC power into microwave 
power at the transmitting end and forming the microwave 
power into electronically steerable microwave beams. The 
microwave energy is launched into space through a 
transmitting antenna. At the receiving end, the receiving 
antenna captures it back and the energy is then converted 
back into DC power [1, 2]. So, high gain receiving antenna is 
very important for the WPT system. Recently, microwave 
power transmission at millimeter wave is noticeable in 
biomedicine, fractionated reconfigurable satellites. 

The microstrip antennas are popularly applied in 
communication and radar systems because of many good 
characteristics, such as low profile, ease to be integrated, 
and low cost [3]. By selecting the suitable dielectric constant 
and thickness of the substrate, microstrip antennas can be 
designed to operate on millimeter-wave [4-6]. In [4], a 2×2 
microstrip patch antenna array operating at 60GHz is 
designed. However, the bandwidth is too narrow. In [5], a 
wideband 60GHz microstrip grid-array antenna is proposed 
based on the LTCC technology, which is relatively 
expensive now.  

A microstrip antenna operates on resonant mode so its 
operation bandwidth is narrow. Some improvements have 
been suggested to expand the impedance bandwidth. In 
reference [7], a parasitic center patch is used to enhance the 
S11≤-10dB bandwidth of a printed wide-slot antenna to 
80% (2.23-5.35GHz). In reference [8], a wide band 
dual-beam microstrip antenna is proposed by using the 
U-slot technique. The antenna operating frequency range is 
5.18-5.8GHz with VSWR less than 2, which corresponds to 
11.8% impedance bandwidth at 5.5GHz. 

Usually, the WPT systems require communication 
function [9, 10]. In [9], a two-port with dual-polarization 
printed microstrip rectenna is presented. One port is used 
for power receiving at 5.78GHz, and the other is used for 
data communication at 6.1GHz. In [10], a triple-band 
antenna is suggested for biotelemetry with data telemetry 
(402MHz), wireless powering transmission (433MHz), and 
wake-up controller (2.45GHz).  

In this paper, a 35GHz slot-coupled stacked antenna 
operating on two orthogonal linear polarization states is 
proposed. The simulation and measurement show that the 
antenna has a wide bandwidth, high gain and good isolation 
between two polarizations. This dual-polarized patch 
antenna can be used as the receiving antenna in a wireless 
microwave power transmission system with communication 
function. 

II. DESCRIPTION OF ANTENNA 

The geometry of the proposed antenna is shown in Figure 
1. There are three dielectric substrate layers, which are 
labeled as layer a, b and c. The three substrate layers are all 
Rogers RT/duroid 5880 with the relative permittivity of 2.2 
and the dielectric loss tangent δtan  of 0.0009. Three 
layers have different thickness of ha, hb and hc. The active 
patch is placed on the top of layer b. Four parasitic patches 
on the top of layer c are placed over the four corners of the 
active patch. The antenna has two feed ports of port 1 and 
port 2. The characteristic impedance of the two feed lines 
on the bottom of layer is 50 Ω. Two perpendicular slots on 
the ground plane are used to couple two orthogonal linear 
polarization waves.  The bottoms of two feed lines are 
bended to realize impedance match. 

Not only the bandwidth but also the gain of this patch 
antenna is improved by two methods. The first one is the 
stacked multi-layer patch structure. The second one is the 
four parasitic patches. The perpendicular coupling slots 
leading to a high isolation between two linear polarization 
ports and low cross-polarization.  

The antenna performances is determined by many 
geometrical parameters, such as the sizes and position of 
two slots, the side lengths of the active and  parasitic 
patches, and the distance between parasitic patches and feed 
lines. 
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Figure 1 The structure of the proposed antenna 

 

III. SIMULATION AND MEASUREMENT 

The optimized dimension of the antenna is shown in table 
1. The slots dimensions are 0.4mm×2mm. The size of the 
parasitic patch is the same as the active patch. The width of 
the feed line is 0.8mm. The proposed antenna is optimized 
and simulated using the 3D-fullwave simulator of Ansoft 
HFSS 12. 

Table 1 Dimension of the proposed antenna 
w w0 ha hb hc 
26 2.1 0.254 0.254 0.508 

 
The Fabricated antenna is presented in Fig. 2. The ground 

is larger than layer b to measure the antenna conveniently. 
The microstrip feed line of the antenna was connected to an 
end launch connector 149-02A-5 of Southwest Microwave. 
The reflection coefficient was measured by the vector 
network analyzer of Agilent PNA-N5227A. 

 The simulated and measured reflection coefficient S11 
and S22 for two feed ports are shown in Fig. 3. The 
bandwidths of S11 and S22 less than -10dB cover from 
30GHz to 40GHz, which is about 28%. Due to a slight 
asymmetry of the two feed lines and slots, S11 and S22 
curves are not exactly the same. The simulated and 
measured isolation between two polarization ports are 
presented in Fig. 4. Due to limitation of test fixture, the 
measured S21 has many ripples. But the trend is relatively 
the same. At 35GHz, the isolation is about 22dB. 
Throughout the frequency range from 30GHz to 40GHz, the 
isolations are all higher than 20dB. The high isolation of 
this dual-polarized antenna is very useful for many practical 
applications. 

   
(a) Front view 

 

 
(b) Back view 

Fig. 2 Fabricated antenna 
 

 
(a) S11 

 

 
(b) S22 

Fig. 3 S11 and S22 vs. frequency 
 



 
Fig. 4 Isolation between two ports 

 
The radiation characteristics were measured in the 

anechoic chamber. The simulated and measured E plane 
and H plane radiation and cross-polarization patterns at the 
frequency of 35GHz of port1 and port2 are presented in Fig. 
5, Fig. 6, respectively. It can be seen that the simulated 
results almost coincide with the measured ones . The 
cross-polarization levels are lower about -20dB than the 
main polarization. The simulated and measured antenna 
gain between 30GHz and 40GHz of port1 and port2 are 
shown in Fig. 7. The measured gains of the two ports are all 
about 9dBi at 35GHz. 
 

 
(a) Pattern of E plane 

 

 
(b) Pattern of H plane 

Fig. 5 Antenna pattern of port1 at 35GHz 
 

 
(a) Pattern of E plane 

 

 
(b) Pattern of H plane 

Fig. 6 radiation patterns of port2 at 35GHz 
 

 
(a) Port 1 

 

 
(b) Port 2 

Fig. 7 Measured and simulated gains vs. frequency 
 



IV. CONCLUSIONS 

This paper proposed a 35GHz slot-coupled stacked patch 
antenna operating on dual orthogonal linear polarization 
states for wireless microwave power transmission. One 
linear polarized wave excited by port 1 is used to receiving 
microwave power, while another one activated by port 2 
could be used to communicate. This antenna has good 
performances of wide-bandwidth, high isolation, low 
cross-polarization level and high gain. The measured 
reflection coefficient exhibits an impedance bandwidth over 
30~40GHz and the isolation between two polarization ports 
is better than 20dB over the bandwidth. The 
cross-polarization levels in both E and H planes are lower 
than -22dB. This dual-polarization antenna is easy to be 
expanded to a large-scale array. 
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