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Abstract- In this work, a propagation performance analysis for the substrate integrated waveguide structures (SIW) is 
exposed. The effectiveness of these types of guides is determined by a numerical simulation for a SIW guide operating in X-
band, where high power part can be transmitted. The advantage of this technology is that it combined the advantages of 
traditional waveguides and micro strip lines. In this work the presentation of S parameters resulting from the analysis of a 
SIW wave guided signed to operate in X-band which is spread out between [ 8-12] GHz, this analysis will be carried out by 
the simulation of a SIW waveguide under CST with a validation of the results by Momentum Agilent . An application of the 
technique HMSIW X-band will be presented while comparing the results obtained by that obtained by a simple SIW. 
 
Index terms- X-band, HMSIW, SIW. 
 
I. INTRODUCTION 
 
Telecommunications play a crucial role in our daily 
lives; they have therefore beenduring our scientific 
concerns. The field of microwave and radio 
frequencies has beenknown for the past few years a 
force requested and of very great advances 
intechnology. The scope now affects different areas 
ranging from high-precisionprofessional applications 
such as TV, mobile telephony, broadcasting, alarm 
andsecurity systems. 
These developments are naturally faced with various 
constraints, namely theminiaturization of electronic 
circuits constraints, optimization bands of 
usefulfrequencies and minimize production costs. 
To satisfy these constraints and meet the needs of 
new microwave applications, it isnecessary to 
develop the passive structures presenting an 
excellences performance. Given the low wavelengths 
that are used to such levels of frequencies, this is not 
thecase with the rectangular waveguide that is 
difficult to integrate and manufacturebecause of its 
bulky structure. Therefore we will use a new 
integration platform basedon substrates integrated 
waveguides or SIW [1]. 
The SIW are high performance broadband 
interconnections that have excellent immunity 
characteristics against electromagnetic interference 
that could be used in microwave systems and 
millimeter wave circuits. The cost of SIW is very low 
compared to that of metal waveguides equivalents 
because their manufacture using inexpensive 
techniques for the production of printed circuit 
boards. This work investigates, using simulations to 
entire waves by CST Microwave Studio, the design 
of interconnection and modes supported by the SIW. 
For more; transitions of SIW, as well as the methods 
of miniaturization to reduce the imprint of the 
waveguide. 

II. SIW DESIGN PROCEDURE 
 
The substrate integrated waveguide is a planar 
waveguide comprising two metalplates bordering a 
dielectric substrate with two rows of the metallic via 
on the sides ofthe waveguide for the ducts 
significantly the electromagnetic signal (Fig.1).The 
benchmark construction SIW waveguide located 
around the theory of therectangular waveguides, since 
a SIW waveguide has the same cut-off frequency of 
thefundamental TE10 than that of a rectangular 
waveguide filled with a dielectric.The following 
equations summarize this approach and the width of 
the guide SIW isgiven by Eq.4 
 

fc =  +  (1) 
 
Where: 
• c: speed of light 
• m, n: mode numbers 
• a, b: dimensions of the waveguide 
 
For TE10 mode, the much-simplified version of this 
formula is: 
f =                                                                    (2) 
 
For dielectric filled waveguide with same cut off 
frequency, dimension "ad" is found by: 
 
a =

√ε
                                                                   (3) 

a = a + 	
.

(4) 
Having determined the dimension "ad" for the 
dielectric filled waveguide, we cannow pass to the 
design equations for SIW [1-2]. 
a = a + 	

.
(5) 
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The physical parameters of the metallic via, such as 
the diameter of the vias "d "andthe spacing between 
them "s" serve to minimize the losses by radiation, 
they are given by [3]: 
d < (6) 
 
s≤ 2d                                                                      (7) 
Where λg (guided wavelength) is [3]: 
 
 = 

( )  
(8) 

 

 
Figure 1:Substrate integrated waveguide (SIW) design present. 
 
In order to minimize the return loss, it necessary to 
construct a transition of a SIW waveguide to a 
microstrip line to connect this guide to other 
components or to test the [S] parameters. The main 
geometric parameters of a microstrip type are the 
width W1and the lengths L are determined by 
calculating the impedance of the input at the 
SIWwaveguide; the impedance is given by [1, 12]: 
 
Z = Z                                                         (9) 
ZTEpresent the wave impedance, is given by: 
 

Z = j



= 



=



×
g


 

 
Figure 2.Geometric parameters of the transition 

III. SUMILATION RESULTS 
 
An SIW covering the X-band has been designed. The 
substrate used is the Arlon Iso917 (lossy) substrate 
with εr=2.2, a loss tangent of about 0.0013 and height 
h=0.508mm; 0.05 mm conductor thickness. All the 
other dimensions are shown in table 1. Thecutoff 
frequency for the TE 10 is found to be 7.5 GHz. 
 

Table 1.The Geometries Parameters of SIW topology. 

 
 
Structures Design And Comparison Results 
 
Using the parameters in table 1, in order to validate 
our results with acomparative study, we performed an 
optimization of the transition from micro-stripline to 
a SIW waveguide. The results obtained with CST 
Microwave Studio andMomentum software are 
presented in Figures 3 and 4. 

 
Figure3.The optimized design of the SIW waveguide operating 

in X-band obtained with CST Software. 
 

 
Figure 4.The SIW structure with Momentum. 

 
In Fig. 5 and Fig. 6, the results of comparisons are 
made between CST MicrowaveStudio and 
Momentum, respectively for return loss and 
transmission coefficient. Asshown in the fig. 5, the 
simulation results show a good agreement of the 
cutofffrequency that is of 7.5 GHz. 
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Figure 5.Comparison result of the input return loss (S11). 

 
The transmission is null between 0-7. 5 GHz, there is 
a total reflection and we cansee that. The software we 
provide same two peaks of 5.7 GHz, which means a 
goodadaptation of the SIW waveguide proposed, but 
because we have two softwareprograms use different 
methods, a gap of several dB is observed. 
The following figure shows a comparison between 
the methods used by the twosoftware which are the 
finite integration method for CST Micro wave Studio 
and themethod of moments for Momentum for both 
methods can be said to give us the sameresult in this 
graph around 7.5 GHz as cutoff frequency, and 
between 8 and 12 GHz, where we have a total 
transmission. 
 

 
Figure 6.Comparison result of the transmission coefficient 

(S21). 
 

IV. COMPARISON BETWEEN SIW AND 
HMSIW 
 
IV.1.  HMSIW theory  
The introduction of the technical half-SIW Mode 
(HMSIW) is documented in [7]. HMSIW waveguide 
is capable of propagating guided waves in only half-
width ofstandard SIW waveguide. The symmetric 
plane along the direction of transmission isconsidered 
a perfect magnetic wall. Guided propagation is 
unchanged when cuttingthrough the magnetic wall. 
Interconnections HMSIW require a little more than 
half ofthe width of SIW to operate with the same 
cutoff frequency, as can be seen in figure 7wherein 
the SIW is truncated at the lower edge of the 
microstrip. In this configuration,the added width 
required is equal to half the width of the micro-strip. 

 
Figure 7.HMSIW interconnects. 

 
The half mode SIW should be designed on the Arlon 
Iso 917 substrate (lossy) which has a relative 
permittivity of εr= 2.2, a dielectric thickness h of 
0.508 mm, a tangent of loss of approximately 0.0013 
and 0.05 mm thickness of the conductor. Thediameter 
of the vias is 1.65 mm and the distance between the 
vias was found to be 4.95 mm. 

 
Figure 8.HMSIW interconnects obtained with CST. 

 
.Figure 9 shows the distribution of the electric field in 
HMSIW waveguide for X-band applications. 

 
Figure 9.HMSIW waveguide [S] parameters. 

 
 In figure 10 Transmission coefficient for HMSIW 
gives the best result around f=10 GHz (injected 
frequency is 9 GHz), and we can see from two 
structure, the results are very approach; and input 
return loss in figure.11 shows good result for 
HMSIW structure for a frequency range [8.5 -11] 
GHz where the input return loss is less than -10 dB. 

 
Figure 10.Comparison between the transmission coefficient of 

SIW and HMSIW obtained by CST Microwavestudio. 
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Figure 11.Comparison between the return loss of SIW and 

HMSIW obtained by CST Microwave studio. 
 
CONCLUSION 
 
In this paper, a new technology has been developed 
which is comparable with that of a conventional 
waveguide, since not only has the advantages of the 
latter, but also, it combines those of the planar 
technique, is SIW technology. The design of a SIW 
waveguide operates in the X-band on a substrate 
Arlon Iso 917 (lossy) using the design rules described 
in this document has been submitted. The comparison 
between the two different methods shows the 
effectiveness of the use of substrate waveguide 
integrated technology, since our analysis gives us 
some related results. In order to reduce size of the 
structure and conserving all the properties of the SIW 
another topology is employed which is HMSIW. It 
was observed that the cutoff frequency is not changed 
and good results are obtained in term of return loss 
and transmission and the circuits with HMSIW can be 
used for X-Band applications. 
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