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Abstract—The Substrate integrated H-plane horn antenna 

based on double level gap waveguide configuration is introduced. 

The possibility of having different levels of guiding ridge inside 

gap waveguide structure enables the H-plane horn antenna to 

have different thicknesses for its planar feed line and radiating 

aperture.  The substrate integrated version of the gap waveguide 

in this design provides the horn with two different levels. The 

thinner level which is connected to the planar feed line is coupled 

with a transition to the lower level which is integrated with the 

periodic structure. 

Keywords—Ridge gap waveguide (RGW); horn antenna; 
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I. INTRODUCTION  

Since the integration of the H-plane horn antenna into 

substrates, it has been tackled with several limitations. 

Numerous studies have been accomplished to resolve the 

substrate integrated horn problems and improve its performance 

[1]-[5]. As the horn is built into the substrate, the whole structure 

has a planar configuration. Therefore, it is advantageous to feed 

the antenna with planar feed lines. However, in order to have 

wide impedance bandwidth, the horn has to be made from a 

thick substrate, which is in contradiction with the required thin 

planar transmission line for feeding especially at high 

frequencies. In recent years, the printed ridge gap waveguide 

technology has introduced a new type of substrate integrated 

circuits that can support propagation inside a gap between a 

printed ridge and a solid ground plane in which the printed ridge 

can be integrated or separated with the periodic structure [6], [7]. 

Here, by taking advantage of ridge gap waveguide technology, 

which supports the propagation inside a gap between the ridge 

and the solid ground plane, a new configuration of integrated H-

plane horn has been introduced that can have different 

thicknesses for its planar feed line and its radiating aperture.  

II. ANTENNA DESIGN AND DESCRIPTIONS 

The elevated substrate integrated gap waveguide (E-SIGW) is 

utilized for this horn design. In the E-SIGW configuration, the 

propagating ridge level is separated from the periodic structure 

comprising mushroom unit cells in which the wave propagation 

is bounded between the ridge and the upper ground plane. In Fig. 

1, the dispersion diagram of the E-SIGW waveguide with one 

row of cells and an elevated ridge is showing single mode 

propagation in the stop band region of the periodic structure is 

given. The width of the ridge and its distance from the upper 

ground plane determines the line characteristic impedance.  For 

the same line E-SIGW configuration, the ridge can be placed at 

a different distance from a periodic structure, and upper ground 

plane and therefore different line impedances can be achieved. 

For this H-plane horn design, two separate levels of the ridge 

inside the SIGW configuration are utilized to have varieties of 

thicknesses for the planar transmission line and radiating 

aperture. The geometry of this horn design is shown in Fig. 2(a). 

The horn includes two levels of the ridge. The upper level, which 

is close to ground plane has a thin gap height (h1) connected to 

the thin microstrip line to excite the horn with the thickness 

equal to upper gap height. The upper level is continued inside 

the SIGW and expanded with profile shaped horn to minimize 

the aperture phase error. The lower horn level is in the same as 

the periodic structure to have a maximum distance from the 

upper ground. The tapered dentate transition is applied at the end 

 
Fig. 1. Geometry and dispersion relation of E-SIGW line. 



of the top layer to have better coupling between the layers. 

Finally, the horn achieves thicker radiating aperture than its 

planar feed line.  

III. ANTENNA RESULTS 

The fabricated prototype of this antenna is given in Fig. 2(b). 

The thin microstrip feeding is excited by the end launch 

connector. The measured and simulated reflection coefficient of 

the antenna is given in Fig. 3. The horn and the periodic structure 

of E-SIGW are designed for millimeter wave frequencies around 

60 GHz. The measurement shows a shift in antenna operating 

frequency which mostly comes from fabrication tolerances and 

inaccuracies. The measured and simulated radiation patterns are 

shown in Fig. 4 at 60 GHz. The simulated antenna radiation 

patterns show the proper performance of the antenna as H-plane 

horn. However, the end launch connector exciting the microstrip 

line has considerable volume in comparison with the whole 

antenna size, and it affects the antenna radiation pattern. 

IV. CONCLUSION  

A new configuration of H-plane integrated horn antenna has 

been shown that resolves the problem of having same 

thicknesses for the feed line and the horn aperture of the 

conventional substrate integrated horn antennas. The E-SIGW 

configuration which is the ridge gap waveguide filled with 

substrate and has the separated layer for the propagating ridge is 

applied in this design. The horn is designed for millimeter wave 

frequencies in which the integrated H-plane horn cannot be fed 

by the thick substrate transmission line. 
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Fig. 3. Simulated and measured reflection coefficient of the proposed 

horn. 
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Fig. 2. (a) Two levels of the designed horn (b) fabricated prototype. 

 
Fig. 4. Simulation (red lines) and measurement (with connector, 

back dashed lines) radiation pattern of the E-SIGW H-plane horn 

antenna at 60 GHz. 
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