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 
Abstract—This paper presents a study of SIW circuits (Substrate 

Integrated Waveguide) with a rigorous and fast original approach 
based on Iterative process (WCIP). The theoretical suggested study is 
validated by the simulation of two different examples of SIW 
circuits. The obtained results are in good agreement with those of 
measurement and with software HFSS. 
 

Keywords—Convergence study, HFSS, Modal decomposition, 
SIW Circuits, WCIP Method. 

I. INTRODUCTION 

IW circuits are considered quasi3D (2,5D) metal-dielectric 
circuits. They have a high level of integration circuits, the 

metal and dielectric losses moderated and the precision of 
manufacturing for microwave applications [1]-[3]. The 
architecture of these structures consists in adding to the planar 
circuits a network of metallic via-hole integrated in the 
dielectric layer. The via-holes replace electric side walls as in 
the case of classical waveguide.  

In this paper, we propose a rigorous method of SIW 
circuits, based on a new iterative process. The Principe of 
WCIP method is based on the recurrent relation of the 
transverse incident-reflected waves between the two domains 
[4]-[7]. Transmission and reflection coefficients are presented 
and compared with measurements and with HFSS software 
(FEM method); then we evaluate the performance of the new 
method by comparing with HFSS, concerning the error and 
the simulation time. 

II. THEORY 

SIW circuits presented in Fig. 1 are constituted by a 
dielectric substrate placed between two parallel metal planes 
(top and bottom), it contains a network of metallic via-holes, 
forming the waveguide, iris filters, filter cavity ...  

On the one hand, these structures are planar, thus there are 
two groups of modes: TM with components (Ez, Hx and Hy) 
and TE with components (Hz, Ex and Ey). On the other hand, 
the lateral electrical plans (as in the rectangular waveguides) 
are replaced by a network of metallic via-hole. Which stops 
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the propagation of modes; who have the current lines which 
are perpendicular to the metallic via-holes (Ex,Ey). Thereafter, 
among the two groups only TM modes satisfy the boundary 
conditions [1], [7], and the electric fields admits only one 
component, according to Z;(the tangential components with 
the plan (X, Y) are negligible). Thus the boundary conditions 
on the metal planes are automatically guarantees and only the 
conditions on the boundaries of metal vias are to study. 

 

 

Fig. 1 SIW geometry 

A. Spatial Operator 

The metallic via-hole is localized in the propagation 
medium, and is directed along z. At any point, we define the 
incident and reflected waves as a linear combination of the 
vertical components of the electromagnetic field, as in (1): 
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where

0z is a normalization quantity which has an impedance 

dimensions. 
 

 

Fig. 2 Mesh of Substrate Integrated Cavity 
 
For example, the integrated substrate cavity shown in Fig. 2 
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contains three sub domains: sources cells, cells with metallic 
via-hole and cells without metallic via-hole. Each of the three 
sub domain is defined by a specific matrix with same size: 
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where is source, metallic via-hole and without metallic via-
hole. 

xN is the number of cells according to ox , and 
yN is the 

number of cells according to oy .  

In the next study, the boundary conditions for each point of 
the structure are presented by a spatial coefficient. 

The operator  describes the relations between the incident 
waves 

zA and the reflected waves 
zB in the spatial domain as 

in (2). Its calculation requires appropriate boundary 
conditions. 

 

            A 0 jiBjijiA zz ,,,              (2) 

 
With (i,j) are the coordinates of the cell in the total 

structure, and
0A is the excitation defined on the source 

domain. The boundary conditions in all the sub domains are 
given by (3): 
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From (1) and (3), we determine the relationship between the 

incidents and reflected waves, as in (4): 
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where ‘k’ is the iteration number. 

The resulting expression for the spatial operator in (2) is 
given by (5): 

 

 vnvs HHH  .0                         (5) 

B. Spectral Study  

The spectral operator links the waves A and B in the spectral 
domain, as in (6): 

 

      AB
~~                                    (6) 

 
The transition between the spectral and spatial domains is 

ensured by a Fast Transformation in Mode using a 2D-FFT. 
To solve the problem of diffraction we assume that the 

structure is 2D-periodic. We consider a bi-periodic array in 

SIW technology presented in Fig. 3 (a) Dx, and Dy are the 
dimensions of the structure according to Ox and Oy axes. 

 

 

Fig. 3 Bottom view of the SIW circuit with square metallic via-hole. 
 

xd  and 
yd  are the periods according to  Ox  and  Oy  axes. 

0d  is the effective domain of the metal in the basic cell 

presented in Fig. 3 (b); h is the thickness of dielectric. We 
consider the component zE  of the electric field. The 

Helmholtz equation then becomes (7): 
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where

T
 is the transverse Laplace operator and nHJ


  is 

the vector of magnetic density current, and n


is normal vector. 
The interaction between the periodic metallic via-holes is 

governed by the Floquet-Bloch theorem, and the 
electromagnetic fields can be decomposed on the modal base:  
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with p and q are Floquet-Bloch states, given by:  
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mnpqfmnpqfmnpqa ,,,  are the ponderations of 

the components mnpqf , . 

The electric field and the current density can be written as a 
sum of Floquet-Bloch states, as in (9): 
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We consider that the main cell is located in the center of the 

structure. And the indices p and q vary as: 
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The projection of the operator

T
  in (7), on the basis 

mnpqf ,  gives (10): 

 

  

2

yd
2ππ

qβ
2

 
xd

2ππ
pαmnpq,fTΔ




























 (10) 

 
The electric field vector and the current density on metal 

sub-domain are given by (11): 
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With 

mh is the projection operator in metal sub-domain in 

the base cell defined as: 
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We define the operator pqz connecting the spectral 

components pqJ and 
pqE , (12): 

 

     pqJpqzpqE                            (12) 

 
We decompose the impedance operator z on the modal 

base 
pq

f : 
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We can decompose z on the local base:
mnf

pq
f , as in 

(14): 
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From (7), (10), (12), (14); we can write the impedance 

operator in the metal sub-domain as in (15): 
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with mh
s

mH
1

  and s  is the cross section of metallic via-

hole and  2
,

2
,

2
nqmpkpq    is the propagation 

constant. 
In the case of a structure closed by a ground plane at a 

distance h, 
pq  is given by (17): 
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The calculation of output parameters is made after the 
convergence of the result. The distribution of the electric field 
and the current is given (18): 
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The matrix S is given by: 
 

     
   YzI

YzI
S

d

d

0

0




                 (19) 

 

with dI is the identity matrix. 

C. Application: Integrated Substrate Cavity 

In order to validate the presented theoretical approach, we 
consider a substrate integrated cavity. The structure presented 
in Fig. 4 is a single substrate integrated cavity [8], the lateral 
walls are realized by rows of metallic via-holes through a 
substrate of relative dielectric constant equal to 58.3 , and the 
thickness is 0.787mm. The total structure dimensions are 

mm2417.15  . The metallic via-holes have the same 
diameter: mmd 2.00   and with a period mmp 2 .  

Fig. 5 presents the convergence curves of the reflection and 
transmission coefficients at a frequency equal to 10 GHz, with 
a ripple rate of from 200 iterations. 

Also we are studied the convergence as function of the 
number of modes (M and N). Then the modes which have 
negligible amplitude will be excluded from calculation. The 
curves in Fig. 6 (a) present the behavior of the reflexion 
coefficient (S11) depending on the number of modes (M, N). 
Fig. 6 (b) represents the convergence curve of resonant 
frequency of the cavity depending on the number of modes 
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(M, N). We observe that the convergence start from M = N = 
30. This study shows that it is unnecessary to take a number of 
modes higher than 30. 

 

 

Fig. 4 Substrate integrated cavity 
 

 

Fig. 5 Convergence curves of S-parameters as a function of iterations 
 

 

Fig. 6 (a) S11 parameters for different number of the modes 
 

 

Fig. 6 (b) Resonance frequency depending of the number of modes 
(M,N) 

The results obtained with the WCIP method are compared 
with a powerful analysis which use the finite element method 
FEM (commercial software HFSS), and also compared with 
measurements recently published in the literature [8]. 

 

 

Fig. 7 (a) Reflection coefficient S11 
 

 

Fig. 7 (b) Transmission coefficient S21 
 

Figs. 7 (a) and (b) show the coefficient of transmission and 
reflection in the frequency range: 8-10GHz. They are in good 
agreement with measurements and the same with simulations 
obtained by HFSS software. The HFSS software present a 
frequency shift of 55MHz, this shift is close to zero for our 
method. 

III. CONCLUSION 

In this paper, a new formulation of iterative method with 
longitudinal waves was proposed. The numerical complexity 
is studied and compared with commercial software HFSS. 
Stability and convergence of the new approach are provided. 
The accuracy and quickness of the results are guaranteed. Our 
method is efficient and recommended for the analysis of 
structures in integrated substrate technology which have large 
sizes. 
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