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An electrically small substrate integrated waveguide (SIW) antenna is 

investigated in the present work. The electrical size of the circular cavity 

SIW is reduced by repetitive segregation along the quasi-magnetic wall 

(QMW) to form sixty-fourth mode SIW (SFMSIW) antenna while 

maintaining comparable performance to the full- mode SIW. The 

ground plane behind the antenna is removed to obtain quasi-

omnidirectional radiation pattern. The proposed antenna operates from 

3.3 GHz to 3.72 GHz making it suitable for Worldwide Interoperability 

for Microwave Access (WiMAX- IEEE 802.16) applications. The S- 

parameters and radiation patterns have been investigated by EM- 

simulations and measurements. A realized peak gain of 4.1 dBi is 

obtained at the operating frequency of the antenna. 

 

Introduction: The past decade has witnessed an expeditious 

development in the domain of compact, low profile, planar antenna 

design which are suited for wireless communication systems. The SIW 

technology provides a low cost solution and is increasingly being used 

by researchers to develop miniaturized microwave and millimetre wave 

components. Ridging and folding the geometry are some of the classical 

miniaturization techniques which have been applied on SIW to form 

ridge SIW (RSIW) and folded SIW (FSIW) [1]. As the centre of the 

SIW geometry has a magnetic field minimum for the first mode, it can 

equivalently be replaced by a magnetic wall and the geometry can be 

segregated along the QMW for miniaturization. This forms the basis of 

half-mode SIW (HMSIW), quarter-mode SIW (QMSIW) and eighth-

mode SIW (EMSIW) structures [2– 5]. Attempts have also been made 

to design SIW antennas with omnidirectional radiation characteristics 

[6].  

In this letter, a compact sixty-fourth mode SIW (SFMSIW) antenna is 

proposed, which is a section of the circular SIW cavity. The proposed 

antenna occupies only 1.5625% of conventional SIW cavity while 

maintaining similar performance characteristics. The ground plane 

beneath the antenna has been removed to obtain quasi-omnidirectional 

radiation characteristics, while a conductor strip has been added to 

ground the end-wall vias. 
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Fig. 1 Simulated magnitude of electric field distribution 

a Circular SIW cavity 

b sixteenth mode SIW (SMSIW) 

c thirty-second mode SIW (TMSIW) 

d SFMSIW 

 

Antenna Design: Fig. 1(a) shows the magnitude of electric field 

distribution of circular SIW cavity in the TM010 mode (3.5 GHz). It can 

be segregated further along the QMW (shown by black and white lines) 

to form SMSIW, TMSIW and SFMSIW as shown in Figs. 1(b), (c) and 

(d) respectively. Hence, size miniaturization is obtained in this process 

while maintaining almost similar resonant frequency. The ground plane 

beneath the antenna has been removed to obtain quasi-omnidirectional 

radiation characteristics. A metallic strip has been placed on the bottom 

plane to ground the end-wall vias. The proposed antenna is illustrated in 

Fig. 2.  

 
Fig. 2 Configuration of the proposed SFMSIW Monopole Antenna 

 

Rogers RT/Duroid 5880 substrate with dielectric permittivity, εr = 

2.2, substrate thickness, h = 1.57mm and loss tangent, tan δ = 0.0009 

has been used for the present work. One-sixty fourth section of circular 

SIW cavity has been used which occupies 1.5625% of the circular SIW 

cavity. The antenna has been fed by microstrip feed of length (lfeed) 

30mm and width (wfeed) 5.2mm, respectively. Copper vias having a 

diameter of 0.6mm and center to center spacing of 0.9° have been used. 

The geometrical dimensions of the parameters are: rout = 48mm, ldie = 

42mm, wdie = 55mm and g = 3mm.  

 

Measurements: Fig. 3 shows the simulated and measured reflection 

coefficients of the proposed SFMSIW monopole antenna. The measured 

results show that S11 frequency response is below -10 dB from 3.3 GHz 

to 3.72 GHz (fractional bandwidth, FBW 11.79 %) [Simulation: 3.27 – 

3.62 GHz (FBW 10.11%)]. The simulated and measured radiation 

patterns (Eθ) in xy- and yz- planes are given in Fig. 4. The cross-pol is 

10 dB below the co-pol pattern suggesting that the antenna is linearly 

polarized. The measured gain and efficiency at the operating frequency 

of the antenna are 4.1 dBi and 92.1% respectively. Figs. 3 and 4 

suggests that there is good agreement between the simulated and 

measured results for both S- parameters and radiation patterns. 

 

 
Fig. 3 Simulated and measured reflection coefficients of the proposed 

antenna (antenna front and back have been shown in inset) 

    
                        (a)                                                       (b) 

Fig. 4 Measured co-polarization and cross-polarization patterns at 3.56 

GHz  

a  xy- plane 

b yz- plane 

 

Conclusion: This research demonstrates a technique to obtain 

omnidirectional radiation pattern from SIW antennas by removing the 

ground plane beneath the antenna. Moreover, a substantial size 
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reduction of the antenna structure is obtained when compared to other 

SIW antennas at the same operating frequency. The operating 

frequency, omnidirectional radiation characteristics and ease of 

fabrication make it a competing candidate for WiMAX applications. 
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