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ABSTRACT: 

A compact, wideband, low cost, high radiation efficiency and planar half mode substrate integrated waveguide 

(HMSIW) horn antenna is proposed in this work. For the first time, HMSIW is used to design a horn antenna. By using 

HMSIW waveguide structure instead of Substrate Integrated Waveguide (SIW), the impedance bandwidth of antenna is 

increased significantly. The use of this waveguide structure in the design of the horn and its feeding system has increased 

the impedance bandwidth of the antenna. In fact, leaking the electromagnetic waves gradually along the horn increases 

the bandwidth of antenna. By applying the design equations of the H-plane horn antenna and half mode substrate 

integrated waveguide, the initial dimensions of the antenna have been obtained, then the best possible solution has been 

extracted by parametric study and optimization. Simulation results exhibit an impedance bandwidth of 50% from 24GHz 

to 40GHz. Also, the proposed design shows a gain between 7dB and 10 dB together with radiation efficiency higher 

than 95% over the frequency band of 25 to 35GHz. The innovation of this work is in providing a new horn structure 

based on HMSIW with wide impedance bandwidth. In the previously presented works, which are mainly based on SIW, 

the antenna suffers from a narrow impedance bandwidth. 
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1. INTRODUCTION 

The substrate integrated waveguide H-plane sectorial 

horn antenna is recently introduced as a good candidate 

for rectangular waveguide horn antenna in millimeter 

wave region[1-6]. This structure can be easily integrated 

with the feed network and is a proper substitute to feed 

surface wave antennas [7-10].  

Most reported SIW horn antennas have been suffered 

from narrow bandwidth which make them unsuitable for 

wideband applications [11]. In order to solve this 

problem, Ridge Substrate Integrated Waveguide 

(RSIW) horn antenna has been proposed in [12] to 

provide wide bandwidth at the cost of complex 

fabrication process. Also, techniques for enhancing the 

antenna gain have been proposed, such as dielectric 

loading of SIW horn antenna [13]. Note that in all of the 

aforementioned structures, the horn and SIW are 

integrated on a single substrate.  

Various methods have been reported to increase the 

bandwidth of SIW horn antennas, including loading a 

dielectric slab with gradually decreasing dielectric 

constants [14], employing an arc-shaped copper taper 

printed on the extended dielectric slab and a three-step 

ridged SIW transition [15], introducing a pair of bowl-

shaped reflectors in SIW [16], drilling air vias in half-

open horn to smooth transition from half-open horn to 

free space [17], using periodic parallel strips on the top 

and bottom planes of the dielectric horn [18], and by 

reducing the effective dielectric constant by including an 

air layer between the top and bottom surfaces of SIW 

[19]. 

In [20], a half mode substrate integrated waveguide 

(HMSIW) H-plane horn antenna with a dielectric load 

has been introduced. The disadvantage of this structure 

is its narrow impedance bandwidth [21]. In [22], a leaky-

wave antenna array based on half-mode substrate 

integrated waveguide (HMSIW) structure is proposed. 

This array has the beam scanning from -40° to 30° and 

compared to this work, which has a fixed beam, it is not 

suitable for fixed beam applications. A 

compact omnidirectional antenna on a cylindrical 

substrate was introduced [23]. This gives an impedance 

bandwidth of 0.95%, which is much smaller than the one 

proposed in this paper. In [24], the beam steering 

capability is introduced thanks to the use of varactor 

diodes in HMSIW horn antenna. The impedance 

bandwidth of this antenna cannot compete with the 

impedance bandwidth presented in our work. 

mailto:fakhte@
https://www.sciencedirect.com/topics/computer-science/omnidirectional-antenna


Majlesi Journal of Electrical Engineering                                            Vol. 17, No. 2, June 2023 

 

24 

 

In this letter, a broadband half mode substrate 

integrated waveguide (HMSIW) H-plane sectorial horn 

antenna is proposed. Most leaky wave antennas are 

easily impedance matched. Typically, bandwidths are in 

the range of 15–30% but they can be higher [25],[26]. It 

is shown here that the proposed antenna is a leaky-wave 

antenna [27,28]. Consequently, its impedance 

bandwidth is widened. 

While maintaining the advantageous characteristics 

of SIW H-plane sectorial horn antenna, the HMSIW 

horn antenna is more broadband and has the same 

fabrication cost compared with the SIW horn antenna.  

First, the structure of the antenna and its design 

procedure are described in detail. Then, simulation 

results are presented and discussed; finally, the paper is 

followed by a conclusion. The HMSIW horn antenna is 

designed for frequency range of 24-35 GHz. Simulation 

results illustrate that proposed antenna’s VSWR is 

below 2 and good gain and high radiation efficiency are 

achieved. 

 

2. ANTENNA DESIGN 

Fig. 1 shows the geometry of the proposed antenna. 

The HMSIW and horn structures made of two rows of 

copper-plated vias of diameter d, integrated on a 

dielectric substrate made of low loss material (RT 

Duroid 5880 of permittivity 2.2r  , loss tangent 0.0009 

and thickness 2.54h mm ) with its bottom side and half 

of top side are copper-plated. Therefore, the antenna 

structure is compact and easy to fabricate. The 

parameters L1,L2,L,D,r1,r2,hp and dp as shown in Table 1 

denote the probe relative position on HMSIW end, 

HMSIW length, horn axial length, horn aperture size, 

coaxial probe core radius, coaxial probe shield radius, 

probe height and probe relative position on top plate, 

respectively. The HMSIW’s effective width is / 2a  and 

the two neighboring vias are separated by s . In an 

HMSIW, only the quasi- 0.5,0 ( 1,2,3,...)pTE p  modes 

can propagate and the fundamental mode in HMSIW is 

similar to half of the dominant TE10 mode in SIW [7]. A 

comprehensive design guideline for the HMSIW has 

been presented in [7].The HMSIW’s effective width is 

calculated by the cutoff frequency, cf , using 
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Fig. 1. (a) 3D view of the configuration of an 

HMSIW-horn antenna fed by a coaxial probe. (b) 

Top view of the configuration of the HMSIW-horn 

antenna. (c) Side view of the configuration of the 

antenna. 

 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2. (a) Configuration of an HMSIW (b) Electric 

field distribution of the qusi-TE0.5,0 mode in the H-

plane for a/2h=1.06 (c) and for a/2h=10.6. 

 



Majlesi Journal of Electrical Engineering                                           Vol. 17, No. 2, June 2023 

 

25 

 

 
Fig. 3. Simulated VSWR of proposed antenna with 

two different solvers. 

 

Where, c is the speed of light in vacuum, and r is 

the dielectric constant of substrate. The vias diameter, d 

and separation, s  in Fig. 1 are properly selected to 

minimize the RF power leakage. Subsequently, by 

substituting the known parameters, weff, d, s, substrate 

thickness, and r  in the following equations [27]: 
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The only unknown parameter, i.e., the HMSIW 

physical width is calculated. Also, the frequency range 

for the single mode operation can be calculated by the 

calculation of the first higher order quasi- TE1.5,0 mode 

cutoff frequency. 
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Note that the HMSIW physical width, w, is chosen 

such that the TE0.5,0 mode can be supported within the 

operating bandwidth of 19-56 GHz. 

According to the analysis presented in [27], the 

thickness h of the waveguide should be small enough, 

but no special formula is provided for it. As a rough 

approximation, the thickness of the substrate can be 

considered to be about 0.1 of the width of the waveguide. 

By adjusting this parameter, the amount of wave leakage 

along the waveguide can be adjusted. 

 

 
Fig. 4. Simulated gain for the HMSIW and SIW 

horn antennas. 
 

 
Fig. 5. Comparison between gains obtained from 

two different numerical methods. 
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(c) 

 
(d) 

Fig. 6. Simulated antenna radiation pattern (gain) of 

proposed antenna, (a) E-plane at 30 GHz, (b) H-

plane at 30 GHz, (c) E-plane at 35 GHz, (d) H-

plane at 35 GHz. 

 

The H-plane horn dimensions are calculated based on 

design guidelines mentioned in [28] for the equivalent 

SIW horn antenna which has a top side metallic layer 

width twice that of HMSIW. 

The configuration of an HMSIW is shown in Fig. 2(a), 

which is half of an SIW. One side wall of the HMSIW is 

composed of a linear array of metallic vias and the other 

side is open. Due to the large ratio of the waveguide 

width to height, the open side is equivalent to a magnetic 

wall.  In a HMSIW structure, since the width to height 

ratio is large, power leakage from magnetic wall is 

negligible (see Fig. 2(c)).  In our design in order to 

maintain satisfactory gain, the aperture size must be 

wide enough. As a result, the substrate thickness should 

be as thick as possible, which violates the condition of 

large ratio of width to height and the electromagnetic 

wave is not confined completely in HMSIW. 

Consequently, the open side can radiate and the antenna 

acts like a leaky wave antenna. 

The same rows of vias with respect to XZ symmetry 

plane are formed to guide the fringing fields into the 

horn aperture (see Fig. 1(b)). As a result, the antenna 

gain will be increased. Note that to eliminate the higher 

order modes propagation in HMSIW, the thickness of 

substrate should be restricted. 

3. NUMERICAL INVESTIGATION 

The proposed configuration was optimized using 

CST in terms of impedance bandwidth and gain. In order 

to optimize these parameters, the effect of different 

parameters on gain and s11 was checked by parametric 

study and the best answer was selected. Then, by using 

the CST software optimizer, the best possible solution 

has been selected around the range of the previous 

values. 

 

 
Fig. 7. The simulated radiation efficiency of the 

proposed antenna. 

 

 Fig. 3 shows the simulated VSWR of the final 

optimized HMSIW horn antenna and its equivalent SIW 

horn antenna. Observe that, HMSIW horn antenna is 

matched over about 17.5 GHz frequency bandwidth of 

24-40 GHz. Also observe that the SIW base horn 

antenna impedance bandwidth is very narrow compared 

to HMSIW base antenna. The gain versus frequency 

response for HMSIW and SIW horn antennas are drawn 

in Fig. 4. Observe that the HMSIW horn antenna gain is 

above 6 dB over the whole frequency band of interest, 

with a peak of 10.5dB at 33.5f GHz . The proposed 

antenna gain is higher than that of SIW which is due to 

the higher radiation aperture of HMSIW base antenna. 

 

Table 1. Optimized parameters of the proposed 

antenna.. 

Parameter L1 dp hp h a d 

Value(mm) 2 0 1.5 2.54 2.54 0.6 

Parameter s L2 D L r1 r2 

Value(mm) 0.9 12.6 20 20 0.3 0.7 

 

The comparison of antenna characteristics (namely 

VSWR, and gain) of the HMSIW and SIW horn 

antennas indicates that the HMSIW horn has more 

desirable characteristics with the same fabrication cost. 

A comparison between the gains obtained from the 

simulation with CST and HFSS software can be seen in 

Fig. 5. A good agreement between the results of the two 

software has been obtained. 

The radiation patterns obtained at two frequency 

points, i.e., 30GHz, and 35GHz, are illustrated in Figs. 

6(a) and 6(b) in both E- and H-planes, respectively. 

Observe that the E-plane patterns have relatively high 

side lobes owing to the thickness of substrate at 

h=2.54mm. Moreover, the radiation patterns in E-plane 
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have some deformation that makes them non-symmetric 

around the broadside direction ( 90 , 0   ), which is 

more pronounced at 30 GHz. This is expected due to the 

non-perfect metallization on the top side of structure in 

comparison with the perfect metallization on bottom 

side. As shown in Fig. 7, the proposed antenna achieves 

more than 95% antenna efficiency within the operation 

band. 

 

4. CONCLUSION 

An HMSIW H-plane sectorial horn antenna for 

millimeter wave applications was designed to provide 

wide impedance bandwidth. While maintaining the same 

fabrication cost of SIW ones, the present design of an 

HMSIW horn antenna has a wider impedance bandwidth 

and better gain. The simulated 2:1 VSWR bandwidth of 

this design is over 50%. Its radiation efficiency is also 

better than 95%. This antenna has a directional radiation 

pattern in the frequency range of 22 to 40 GHz. The wide 

bandwidth of this antenna is obtained due to the gradual 

leakage of the electromagnetic wave along the HMSIW 

horn. The results obtained from simulation with CST 

have been confirmed by simulation in HFSS. 
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