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Abstract: 

Aim of the project: 

To improve our skills in using HFSS program to analyze rectangular 

waveguide also to ensure our theoretical information about 

rectangular waveguide  

 

Introduction: 

The  HFSS  is  a  software  package  analysis modeling  and  analysis  of  3-

dimensional  structures HFSS  utilizes  a 3D  full wave  finite element method to 

compute the electrical  behaviors of high frequency and  high  speed 

components.  The HFSS is more accurately characterizes the electrical 

performance of components and effectively evaluates various parameters. 

  It helps the user to observe and analyze various  performance of  

electromagnetic properties of structures such as  propagation  constant,  

characteristic port  impedance,  generalized  S-parameters  and  Y Parameter  

etc  are  normalized  to  specific  port impedances,  the  Eigen  modes  or  

resonances  of the of the  structures.     

The  HFSS  software  is  designed  for extracting  modal  parameters  by  

simulating  passive devices. It is necessary for designing high frequency and 

high speed   components used in modern electronic devices.   

The  HFSS  simulated  results  are more  accurate  and  helpful  before  design  

and fabricating of real world components 

The rectangular waveguide characteristics and field distribution for different 

modes in an open ended rectangular waveguide when the waveguide is in the 

free space is computed using HFSS software. The analysis is made for different  
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Parameters. The electric and magnetic fields strengths are analyzed inside a 

rectangular waveguide along with fundamental modal distributions. 

Simulation analysis is carried out for X-band. Characteristic profiles are 

analyzed and the performance of rectangular waveguide is studied. 

Theoretical analysis and simulation are carried out for waveguide and both 

results are compared. A HFSS simulation platform for the analysis of the 

aperture radiation from a dielectric filled rectangular waveguide is described. 

     The electromagnetic waves propagating inside the waveguide may be 

characterized by reflections from the conducting walls. It is a radiating structure 

finds many applications in communication system, radar, biomedical, and both as 

single radiator and as coupled radiators .It is possible to propagate several modes 

of electromagnetic waves within a rectangular waveguide. The rectangular 

waveguide is a transmission medium supports TE and TM modes. Because of the 

lack of a center conductor, the electromagnetic field supported by a waveguide 

can only be TE or TM modes. For rectangular waveguide the dominant mode is 

TE10, which has the lowest cut-off frequency. 
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Theory: 

    

 

Where Ez and   Hz are the components of the electric and magnetic field along 

the   z- direction for TE and TM waves respectively.  The  mode  which  having 

lowest  cutoff  frequency  in a  particular  waveguide  is called  dominant  

mode.  The  dominant  mode  in  a rectangular  waveguide  with  dimension  a  

>  b  is  the TE10  mode.  It is a mode which is used for practically  

All electromagnetic transmission in the rectangular waveguide.  Dominant  

mode  is  almost  always  a  low loss,  distortion  less  transmission  and  higher  

modes result  in  a  significant  loss  of  power  and  also undesirable harmonic 

distortion. 
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The  wave  will  propagate  in  the  waveguide  if operating  frequency  must  

be  greater  than  cutoff frequency   f > fc i.e. the frequency at which the value  

Of  the  propagation  constant  changes  from  real  to imaginary is called cut-

off frequency. 
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Analysis using HFSS program: 

The rectangular wave guide model: 

 

FIG(1):rectangular wave guide 

 

FIG(2): infint conductor surface 
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the plot of BETA  for three mode : 

 

FIG(3):BETA for TE 10,01 ,20 

 

TABLE (1): value of BETA at different frequencies 
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The plot of LAMBDA for three mode : 

 

FIG (4): the wavelength for different mode 

The plot of Zo for three mode : 

 

FIG(5): the intrinsic impedance for different mode 
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TE MODES : 

 

FIG(6):TE01 

 

FIG(7):TE10 
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FIG(8):TE20 

 

 

FIG(9):TE11,TM11 
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E (v/m) and H(A/M) PLOTS: 

 

FIG(10):E(V/m) 

 

FIG(11):H(A/m) 
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Analysis using matlab : 

The matrix of Gama solution using matlab export : 
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The plot of BETA using matlab : 

 

FIG(12): BETA VS. FREQ Theoretically 
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The matrix of Zo solution using matlab export : 
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The plot of Zo : 

 

FIG(13):Zo VS. FREQ theoritcally 
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Conclusion: 

The properties of the waveguides are used to determine the  

Characteristics of the waveguide. The simulations are carried out for 

lower microwave frequencies for X band.  For  analysis  purpose  

different  modes  are considered  to  understand  the  properties  of  

electric and  magnetic   field  distributions,  simulations  are carried 

out.  Numerical results are compared with existing theoretical 

results.  This  simulation  is  useful for  experimental  analysis  and  

results  are  more accurate  and helpful before design and fabricating 

of real world components. 

 


