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With the current evolutionary growth of mobile systems and wireless communications demand, augmenting the capacity and 

the efficiency of such systems became a stipulated research concern. This required capacity enhancement should not collide 

with the bandwidth of the system storage which is the main challenge required for the upcoming 5G network. Fortunately, 

millimeter-wave (mm-wave) band with its spacious bandwidth from 30 GHz to 300 GHz could be proposed as a candidate 

portion of the 5G network to fulfill the required wideband communication services [1]. This magnificent merit of the mm-

wave band comes at the expense of some drawbacks such as the propagation loss and the high reflections. In order to achieve 

the highest possible exploitation of the mm-wave band, its efficiency must be boosted to overcome its drawbacks. One 

proposed solution for that is the polarization diversity.  

Polarization diversity has gained a great interest in many applications due to its importance in enhancing the efficiency of 

transmitting and/or receiving circuitries being used in millimeter-wave (mm-wave) designs [2]. Orthomode transducer 

(OMT) is supposed to be the most important mm-wave component that can handle dual-polarized signals. An OMT is a 

waveguide device with three physical ports which is capable of separating or combining two orthogonal signals within the 

same frequency band simultaneously. To the belief of the authors, the OMT device is supposed to be an essential component 

in any transmitting or receiving circuit in the mm-wave band to be used in the upcoming 5G network. Based upon our belief, 

an extensive study on the OMT is presented in this paper. We present a planar and simple OMT device with detailed design 

recipes which is, in our vision, suitable for the new upcoming generations of mobile systems and wireless communications. 

There are many techniques to construct an OMT device, but most of them are complicated, not planar and lacks to the ease of 

repeatability at other frequency ranges. In this paper, the OMT is built based on a novel idea which is totally different from 

the previous designs. This idea basically depends on adding a polarization selective integrated wall longitudinally into the 

middle a coupler resulting in a polarization selective coupler (PSC). The theory of the PSC is understood through analyzing 

its constituent waveguides. These waveguides are hybrid forms of the nonradiative dielectric (NRD) waveguide and the 

substrate integrated waveguide (SIW).  

In order to separate between vertically and horizontally polarized modes using the PSC, the integrated wall is used for 

different purposes for orthogonal modes. It allows coupling just for the horizontally polarized mode while guides the 

vertically polarized mode. Three different couplers are considered, namely, image NRD coupler, dielectric filled Riblet 

coupler and air-filled Riblet coupler. The image NRD coupler consists of two parallel Image-NRD and Image-NRD-SIW 

waveguides with an air gap in between. The dielectric material in this case is assumed to be isotropic to facilitate the analysis. 

Then, for the dielectric filled Riblet coupler, the air gap disappeared and then, the dielectric anisotropy is considered due to 

the simpler analysis of this coupler. Finally, an air-filled coupler is considered by eliminating the whole dielectric material to 

avoid the substrates losses and anisotropy which is undesired for some applications. 

In this work, our duty is not only to design an OMT device with the required specifications stated above, but also to 

familiarize design recipes of this OMT based on theoretical understandings and experimental observations. For doing so, we 

thought about couplers from distinct perspective. We considered any coupler enclosed between two vertical metallic walls as 

two image nonradiative dielectric (NRD) waveguides placed closely to each other. Hence, after adding the polarization 

selective wall to the coupler creating the proposed OMT, this OMT structure can be treated as two side-to-side special 

waveguides, we named, Image-NRD and Image-NRD-SIW waveguide, respectively. Based on those waveguides, the 

coupling characteristics between both waveguides are depicted by assuming a thin gap between them, while the structure 

devolves to Riblet coupler based OMT when the gap vanishes. This study is mainly deduced by applying an equivalent circuit 

model for this structure. This equivalent circuit model achieved a great simplification for understanding the structure 

operation and to have closed form design equations for such structures. The air-filled PSC-based OMT is implemented and 

measured with a great agreement with the simulation results. Closed form equations are obtained as design recipes for 

computing the structure dimensions and bandwidth based on the operating frequency and the filling material parameters. 
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