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Abstract 

  

In this work, substrate integrated waveguide (SIW) has been designed and analyzed using two parallel rows of 

rectangular conducting slots on dielectric substrate. Different operating parameters such as electric field, return losses 

and the transmission gain is evaluated taking air as dielectric material in-between the slots. The results are evaluated for 

frequency domain of 6 to 12 GHz. The design is studied theoretically followed by the finite-element method (FEM) based 

modelling for optimizing the geometrical dimensions of the SIW structure. The results obtained had shown that the 

transmission gain increases with the increase in frequency upto 9 GHz and the return loss is minimum for this frequency.  
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1. Introduction 

 
1
 Microwave and millimeter wave communication systems 

are developing in a rapid manner (J. Hirokawa et al, 1998). 

Due to increase in demand, emphasis is on high-

performance applications of microwave communication 

systems with low cost, high selectivity, compact size, and 

low insertion losses (Y. Cassivi et al, 2002) (D. Deslandes et 

al, 2001). Waveguides possesses excellent performance but 

is expensive and difficult to synthesize due to high volume 

and bulkiness (S. Germain et al, 2003). Also, their 

integration with other planar circuits is complex (W. Ke et 

al, 2003).  Substrate integrated waveguide (SIW) has been 

proposed as a new planar structure which is suitable to 

integrate with the planar structures (A. Zeid et al, 2002). 

SIW has been reported and implemented by several 

researchers for number of applications such as radiated 

RF/microwave components, transmission lines, filters, 

couplers, diplexers, oscillators, and leaky-wave antennas. 

These devices are substantially miniaturized with high 

performance characteristics (D. Deslandes et al, 2002) (E. 

Miralles et al, 2011). In a SIW structure, the electric field 

distribution fill the volume inside the waveguide and 

surface current propagate on a large cross-sectional area of 

the waveguide walls, resulting in lower conductor loss (B. 

N. Das et al, 1986). As the frequency of operation and 

circuit density continues to increase, closely spaced 

microstrip and strip line interconnects will no longer be 

viable options (W. Grabherr et al, 1994). 
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In this simulated work, SIW with rectangular via slots 

have been designed to evaluate their different operating 

parameters. FEM based software is used for simulation 

purpose after theoretical calculations.  

 

2. Substrate Integrated Waveguide 
 

Fig. 1 depicts a single SIW cavity resonator with 

appropriately labeled dimensions. 
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Figure 1 Layout of Substrate Integrated Waveguide 

Substrate Integrated Waveguide (SIW) operates under the 

same basic principles as that of conventional air-cavity 

rectangular waveguides (P. Mohammadi et al, 2011) (P. 

Mohammadi et al, 2012). However, there are some 

differences in terms of the dielectrics of air versus a 

substrate material (F. Mira et al, 2007). SIW cavities are 

more sensitive than conventional waveguides for 
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microwave applications. This is due to higher frequencies 

being more sensitive to substrate losses (Y. Cassivi et al, 

2002) (Z. Jian et al, 2007). Additionally, compared to 

conventional 3-D rectangular waveguides, thinner 

substrate dielectrics prevent transverse magnetic (TM) 

modes to resonate. Therefore, only transverse electric (TE) 

modes can effectively propagate through SIW cavities (M. 

Bozzi et al, 2008). For design purposes, two primary design 

rules for SIW cavities are used to exploit for conventional 

waveguide modeling. These rules are as-  
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where d is the diameter of the metal via posts and b is the 

via post spacing b (T. Y. Huang et al). By ignoring these 

expressions can create too much leakage loss for the via 

post in SIW cavity side walls. The following mathematical 

expressions provide the first resonant frequency mode for 

the SIW cavity (T. Y. Huang et al): 
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where f101 is the first resonant mode of the cavity, w and l 

are the width and length of a single SIW cavity, d is the 

diameter of the vias, and b is the via spacing as shown in 

fig. 1. The guided wavelength in the SIW is given by 

following formula 
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where f is the resonant frequency, c is the speed of 

electromagnetic wave in free space and a is the width of 

the waveguide. SIW waveguides propagation 

characteristics are similar to classical rectangular 

waveguides (J. E. Rayas-Sanchez et al, 2008). Also, the field 

pattern and the dispersion characteristics are same.   

 

3. Design and Analysis 

 

Figure 2 shows the designed structure of an SIW that 

completely integrated on the same substrate without any 

mechanical assembly or tuning. The 50 Ω transmission 

line is connected to integrated waveguide. Mode matching 

is done by tapered section to transform the quasi-TEM 

mode of the microstrip line into the TE10 mode. Modelling 

and optimization in software over the desired frequency 

bandwidth is the most commonly used method, but this is 

typically very time consuming due to lots of metalized 

rectangular via holes. If analytical equation has been used, 

the design process would be speed up. FEM based 

software’s used analytical equations. This designed 

structure of an SIW consisting of the top and bottom metal 

planes of a substrate with two parallel rectangular via 

fences in the substrate. The rectangular via are so 

composed that only patterns with vertical current 

distributed on the side wall can survive in SIWs. 

 

 

Figure 2 Structural design of SIW. 

The current path will not be cut by via fences, therefore 

TE10 mode can be supported in an SIW. This holds for all 

TEm0 modes since their current distributions on the side 

walls are similar. On the other hand, horizontal 

components of the surface current exist on the sidewalls 

for all TM modes and TEmn modes with nonzero n’s. 

These current paths will be cut in SIW structures, which 

results in radiation. Therefore we can conclude that only 

TEm0 modes exist in SIW structures (T. Y. Huang et al). In 

our design, PCB has been taken as substrate with relative 

permittivity 3.38 and relative permeability 1. The model is 

designed using electromagnetic, frequency domain solver. 

Frequency of 6 to 12 GHz is applied through the lumped 

ports to analyze the results. 

 

4. Results and Discussion 
 

Fig. 3 shows the meshed design of the proposed model. 

Fine meshing is conducted on the SIW structure. The 

maximum element size selected is 0.00175. The design 

was simulated on the computational machine having 3.6 

GHz processor speed. The virtual memory used while 

simulation was 2.99 GB. Extra-fine meshing is not 

selected to reduce the computational load.  

 

Figure 3 Meshed design of SIW. 
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The electric field generated while computing the results is 

shown in fig. 4. Fig. 4 shows the radiations due to electric 

field generated for PCB substrate. 

 

  
 

Figure 4 Electric field generated in SIW. 

 

Similarly the plot shown in figure 5 indicates graph 

between S-parameters and the frequency.  Return losses or 

input reflection coefficient (S11) and the forward 

transmission gain (S21) were plotted and show that the dip 

for return loss is observed at 9 GHz frequency and 

transmission gain increases upto 9 GHz and then saturates. 

  
Figure 5 Plot between S-parameter vs frequency. 

 

From the plot, it can be easily observed that the useful 

bandwidth for the design is in-between 8.88 to 9.45 GHz. 

Hence the operating bandwidth for this simulated design is 

570 MHz. 

 

Conclusions 
 

Simulated experiment work is carried out to investigate 

the effect of cubical via on the electromagnetic wave 

propagation in SIW. S-parameters such as return loss and 

transmission gain were calculated for frequency ranging 

from 6 GHz to 12 GHz. It can be concluded that the SIW 

works efficiently in-between 8.88 to 9.45 GHz.  
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