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Abstract—A wideband dual-polarized planar array antenna 
is presented in this paper. The proposed array antenna consists 
of 8 × 8 bowtie antennas and dielectric-based inverted 
microstrip gap waveguide network. It is composed of 
multilayer substrate which can be fabricated by low cost PCB 
process. The simulated results show that the proposed array 
achieves a relative impedance bandwidth of 54.2% from 
19.2GHz to 33.5 GHz for both polarizations with VSWR of 2.  

Index Terms—dual-polarized, bowtie antenna, dielectric-
based inverted microstrip gap waveguide. 

I.  INTRODUCTION 

With the development of 5G wireless communication 
systems, many applications covering 20-40 GHz frequency 
range are needed. Ultra-wideband, high-gain and steerable 
dual-polarized array antennas are one of the key components 
in these systems.  

Many high gain planar array antennas based on different 
transmission lines have been reported in the recent years [1-
5]. Among these, antennas based on gap waveguide 
technology have high potentials due to its lower losses, 
surface wave suppression and self-packaging properties 
compared with conventional microstrip line and substrate 
integration waveguide (SIW) in millimeter-wave (mmWave) 
band. So far, mainly four gap waveguide versions have been 
proposed [6],[7], and the inverted microstrip gap waveguide 
(IMGW) may be the best choice when considering 
fabrication cost and flexibility in the feeding network design 
[8],[9]. Moreover, the fabrication cost can be further reduced 
when metal pins of the gap waveguides are replaced by metal 
vias in the substrate. Many IMGW antennas exhibit good 
performance, but it is still a challenging task to have a wide 
bandwidth and dual polarization performance with IMGW 
antennas.  

In this paper, we present a wideband dual-polarized 
planar array antenna on dielectric-based IMGW for 
mmWave applications. The array antenna employs planar 
bowtie antennas as radiation elements which are similar to 
magneto-electric dipoles. The metal pins and air gap in 
IMGW are replaced by metal vias and dielectric gap, 
respectively. Thus the whole structure can be easily 
fabricated by multilayer PCB process and integrated with RF 
components.  
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Fig. 1. Geometry of the proposed element with periodic boundary. (a) 3D 
view. (b) Side view. 

II. ANTENNA CONFIGURATION 

A. Radiation Element 

The detailed structure of the proposed dual-polarized 
radiation element with periodic boundary is depicted in Fig. 
1. The element consists three parts: a radiation part, an upper 
IMGW and a bottom IMGW, which can be fabricated by 
multilayer substrates. The radiating element is a bowtie 
antenna, resembling a magneto-electric dipole structure. To 
achieve dual linear polarization, the element is fed by 
feeding-via 1 and feeding-via 2, and these two vias are 
connected with the upper IMGW and the bottom IMGW, 
respectively. The excitation structure for the bowtie is г-
shaped, which can obtain a good impedance matching over a 



 
Fig. 4. Simulated S parameters of the proposed dual-polarized array 
antenna. 
 

 
Fig. 5. Simulated radiation patterns of the proposed dual-polarized array 
antenna at 27.5 GHz when port 2 is excited. 

 

 
Fig. 6. The proposed partly air-filled IMGW. 

 

wide frequency range [10],[11]. Energy excited in bottom 
IMGW propagates a long path (longer than the path for the 
upper IMGW) from the bottom IMGW to the radiation 
element, and this makes the impedance matching a difficult 
task. To solve this problem, a matching via from top layer to 
bottom IMGW feeding layer is used.  

The size of the radiation element is about 6×6×6.1 mm3. 
Rogers RT5880 with dielectric constant of 2.2 is used as 
superstrate, and other substrate is Astra MT77 with dielectric 
constant of 3.0. The diameter of vias is chosen as 0.3 mm 
considering fabrication process feasibility.  

 

   
(a)    (b) 

Fig. 2. IMGW Feeding networks: (a) the upper IMGW, (b) the bottom 
IMGW. 

 
Fig. 3. Geometry of the proposed dual-polarized array antenna. 

B. 8×8 dual-polarized array antenna 

The proposed dual-polarized array antenna consists of 8×
8 elements. To feed the elements, the feeding networks in the 
upper IMGW and the bottom IMGW are designed and 
shown in Fig. 2. Fig. 3 shows the overall structure of the 
proposed array. Its size is 51×51×6.1 mm3. To obtain a good 
impedance matching, the parameters of the feeding networks 
are optimized. 

III. SIMULATION RESULTS 

The proposed array is simulated using CST Microwave 
Studio, by full wave simulations. The simulated reflection 
coefficient and mutual coupling for both ports is given in Fig. 
4. It is seen that the relative impedance bandwidth is about 
54.2% covering 19.2 – 33.5 GHz for both polarizations with 
the reflection coefficients less than -10 dB. The mutual 

coupling (S21) between the two orthogonally polarized ports 
is less than -27 dB which is also an important feature while 
considering high gain amplifier integration. The simulated 
radiation patterns at 27.5 GHz when port 2 is excited are 
presented in Fig. 5. The sidelobe levels are about -13 dB 
below the main beam level. The simulated gain is within the 
range from 19.3 dBi to 24.9 dBi and the corresponding total 
efficiency is above 60% over the whole band. 

As mentioned above, the proposed dual-polarized array 
antenna has good performance and can be fabricated by 
multilayer substrates PCB process. However, dielectric-
based IMGW has its own drawbacks that the usage of full 



dielectric structure will reduce antenna efficiency due to 
dielectric loss. To solve this problem, we can use partly air-
filled IMGW shown in Fig. 6. We take away part of substrate 
to form a cavity having nearly the same shape of propagating 
path. So the dielectric loss can be reduced. The feasibility of 
the partly air-filled IMGW with PCB process will be 
discussed in future work. 

IV. CONCULSION 

A wideband dual polarized planar array antenna based on 
dielectric-based inverted microstrip waveguide is proposed. 
Using planar bowtie antenna as element, the proposed 8 × 8 
array antenna shows the reflection coefficient bandwidth 
(|S11|<-10 dB)  of 54.2% covering 19.2 -33.5 GHz frequency 
range. To the author’s knowledge, it has the widest 
bandwidth among planar array antenna based on gap 
waveguide technology. 
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