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INTRODUCTION 

Nowadays, microwave waveguide polarizers
1
 are fundamental 

devices in modern radar
2
 and satellite telecommunication antenna 

systems
3
, which receive and transmit the signals with orthogonal circular 

polarizations of electromagnetic waves
4
. A polarizer

5
 determines the 

performance of polarizations transformation
6
 of waveguide feed network 

of the antenna system
7
. Thus, accurate calculation of the phase and 

polarization characteristics of modern waveguide polarizers is of crucial 

importance. All waveguide polarizers can be divided into three groups. 

Many various scientific articles and conference papers are dedicated to 
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the development and optimization of waveguide iris polarizers
8
, post 

polarizers and septum polarizers
9
. A septum in the structure of the 

polarizer can have stepped
10

 or constant thickness
11

. 

In dual polarization antenna systems’ a polarizer operates in 

combination with an orthomode transducer. Its function in a receiving 

antenna is the separation of signals with orthogonal linear polarizations 

to isolated channels. In a transmitting antenna it combines signals with 

orthogonal linear polarizations into a common channel. 

Many modern scientific publications present the results of 

development and analysis of new designs of polarizers
12

 and orthomode 

transducers
13

. Wideband orthomode transducers are based on highly 

symmetrical quad-ridged waveguides, double-ridged transitions in square 

waveguides and turnstile junctions
14

. 

Dual-band antenna systems with double circular polarizations require 

the implementation of coaxial horn feeds, coaxial polarizers and dual-

band orthomode transducers
15

 based on the coaxial quad-ridged 
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waveguides
16

 and sectoral coaxial ridged waveguides
17

. Theoretical 

analysis of electromagnetic eigenmodes
18

 in such structures is relatively 

complicated
19

 and it is carried out using the transverse field-matching 

technique
20

 or by the integral equation technique
21

. Obtained results
22

 

allow to chose the sizes of coaxial ridged waveguides
23

 for the specified 

operating bands
24

. 

Various numerical techniques are applied for the development and 

optimization of the polarization processing microwave devices. Namely, 

we can highlight many modifications of finite difference time domain 

(FDTD) technique and of finite elements method (FEM) in the frequency 

domain. An actual problem is the comparison of different material 
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averaging approaches in the finite integration technique (FIT) for curved 

dielectrics. 

Recently, scientists optimized the subgrid connection for space-time 

FIT
25

. Suggested numerical optimization technique
26

 provides highly 

effective reduction of unphysical wave reflections
27

. Some articles 

suggested the modification of FEM for computing the anisotropic and 

open waveguide modes
28

. Numerical examples verify that the proposed 

mixed FEM is free of spurious eigenmodes and ensures high numerical 

efficiency. The application of new nonconformal hybrid FDTD/FETD
29

 

allows to eliminate the undesired hybridization through a buffer zone. 

Numerical examples confirm highly effective performance of the 

recommended hybrid method. 

Fundamental problem for the development of modern microwave 

waveguide polarizers is high sensitivity of their polarization 

characteristics to the inaccuracies of calculation of optimal parameters 

and to the tolerances of manufacture technology. Thus, the determination 

of the best suitable numerical technique for highly accurate calculation 

and optimization of all electromagnetic characteristics of microwave 

waveguide polarizers remains an important scientific and engineering 

problem. The results of performed in this article researches provide the 

recommendations on which numerical method is faster and more 

accurate for the analysis, development and optimization of waveguide 

polarizers for radar and satellite information systems. 
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1. Waveguide iris polarizer, its phase 

and polarization characteristics 

Modern wideband radar and satellite systems, which apply signals 

with dual orthogonal circular polarizations, include waveguide iris 

polarizers
30

. The polarizer of such type is a compact microwave device, 

that transforms two orthogonal circularly polarized electromagnetic 

waves into two orthogonal electromagnetic waves with linear 

polarizations. The typical design of waveguide iris polarizer is shown in 

Fig. 1. Shown polarizer is based on a square waveguide with 

5 symmetrical irises in it. 

 

 

Fig. 1. The structure of a square waveguide polarizer with 5 irises and 

transformation of fundamental electromagnetic modes polarization in it 

 

Two fundamental electromagnetic modes of a square waveguide are 

TE10 and TE01. They have orthogonal linear polarizations and propagate 

along the longitudinal z axis of the polarizer. Electric field phasors of the 

fundamental modes are as follows: 


 Ai

x xE Ae e ;  Bi

y yE Be e ,                                   (1) 

where A and B are the magnitudes of electric fields oriented along x and 

y axes, respectively. φA and φB are the initial phases of electromagnetic 

modes at the output. Let us denote central phase and phase difference as:  

 0 / 2    A B ;     B A . 
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Then the initial phases can be rewritten as follows: 

0 / 2    A ; 0 / 2    B .                           (2) 

Now we substitute formulas (2) in (1) and consider the superposition 

of modes: 

     0 0 0/2 /2 /2 /2       


     

i i i i i

x y x y x y
E E E Ae e Be e e Ae e Be e .  (3) 

Let us define projections C  and D  of phasor (3) in a circular 

polarization basis: 

/2 /2 ( ) ( ).        i i

x y x y x yAe e Be e C e i e D e i e  

We have obtained a set of linear equations with unknown  

values C  and D : 

/2

/2

 



  


  

i

i

C D Ae

C D iBe
.                                     (4) 

Having solved set of equations (4), we obtain the phasors C  and D  

as follows: 

1
cos sin cos sin

2 2 2 2 2

    
    

 
C A iA iB B ; 

1
cos sin cos sin

2 2 2 2 2

    
    

 
D A iA iB B . 

Now we can determine the amplitudes of the phasors C  and D : 

2 21
| |  2 sin

2
   C A B AB ;                       (5) 

2 21
| |  2 sin

2
   D A B AB .                     (6) 

In circular polarization basis the axial ratio is defined from the 

expression
31

: 

(| | | |) / (| | | |)  r C D C D .                               (7) 

Now we substitute (5) and (6) into the squared (7) and obtain the 

expression: 

                                                 
31 Milligan T.A. Modern Antenna Design. Hoboken, New Jersey : John Wiley 

and Sons, 2005. 614 p. 
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2 2 4 4 2 2

2

2 2 4 4 2 2

2 cos(2 )

2 cos(2 )

    


    

A B A B A B
r

A B A B A B
.                 (8) 

In decibel scale the formula (8) for the calculation of axial ratio is as 

follows: 

2 2 4 4 2 2

2 2 4 4 2 2

2 cos(2 )
 (dB) 10 lg

2 cos(2 )

    


    

A B A B A B
r

A B A B A B
.         (9) 

Another frequently applied characteristic of polarization state of 

electromagnetic waves, which is equivalent to axial ratio, is crosspolar 

discrimination (XPD). Usually XPD is expressed in dB and can be 

calculated from axial ratio (8) or (9) as follows: 

1
XPD (dB) 20 lg

1

 
  

 

r

r
,                          (10) 

where r is the axial ratio (9), which preliminary must be translated into 

linear scale. 

For the numerical optimization of a square waveguide iris polarizer 

the axial ratio (9) and XPD (10) at the polarizer’s output were 

simultaneously analyzed along with differential phase shift and VSWR 

for fundamental modes of both polarizations. The goal functions of 

optimization were VSWR for both fundamental modes less than 1.15 and 

XPD higher than 32 dB in the operating Ku-band 10.7–12.8 GHz. The 

characteristics of the optimized design of developed polarizer are shown 

in Fig. 2–5. They were calculated with high accuracy by FEM in 

frequency domain using 100 000 tetrahedral mesh cells, at which the 

inner volume of the structure was divided. 

 

Fig. 2. VSWR of optimized waveguide iris polarizer 

for both polarizations 

───── horizontal polarization; ─ ─ ─ ─ vertical polarization 
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It is seen in Fig. 2 that in the operating Ku-band 10.7–12.8 GHz the 

VSWR for fundamental modes of both horizontal and vertical 

polarizations is less than 1.13, which fully satisfies the requirements. 

Fig. 3 demonstrates that the differential phase shift of the optimized 

design of waveguide iris polarizer varies from 87.5° to 92.5°. 

Axial ratio of the polarizer was obtained using the FEM simulation 

results and the formula (9). It is seen in Fig. 4 that the axial ratio of the 

optimized polarizer is less than 0.40 dB in the operating frequency band 

10.7–12.8 GHz. The corresponding XPD was calculated using the 

formula (10). In Fig. 5 we observe that in the operating Ku-band 10.7–

12.8 GHz XPD of the optimized polarizer design is higher than 32 dB. 

In the next chapter we will investigate the frequency dependences of 

matching, phase and polarization characteristics on the number of 

tetrahedral mesh cells, which were applied for the numerical calculation 

by FEM. In addition, we will compare the obtained results with the ones 

calculated by FDTD using hexahedral mesh cells. 

 

Fig. 3. Differential phase shift of the optimized 

square waveguide iris polarizer 

 

Fig. 4. Axial ratio of the optimized square waveguide iris polarizer 



187 

 

Fig. 5. XPD of the optimized square waveguide polarizer with 5 irises 

 

2. Numerical simulation of waveguide iris polarizer using FEM 

in the frequency domain with different number 

of tetrahedral mesh cells 

Results of numerical simulations by FEM were obtained for the number 
of tetrahedral mesh cells from 20 000 to 200 000. The increment step of 
tetrahedral mesh was 20 000 mesh cells. The calculated matching and 
polarization performance of the same design of square waveguide iris 
polarizer as functions of the number of used tetrahedral mesh cells and 
computation time are presented in Table 1. Analysis of Table 1 shows that 
the dependence of computation time on the number of used in FEM 
tetrahedral mesh cells is approximately linear function. In this case we 
observe that the convergence of VSWR is very fast. Therefore, the 
calculation of VSWR of microwave devices using FEM is very accurate 
even at coarse tetrahedral grids. At the coarse grid with 20 000 tetrahedral 
mesh cells the VSWR maximum level is approximately 1.136 and it 
converges to the value of 1.132 for the dense grids. Consequently, for more 
dense grids the maximum level of VSWR slightly decreases. 

It is seen in Table 1 that at coarse grids the calculation of phase and 
polarization characteristics of a waveguide iris polarizer is quite 
inaccurate. Although the polarizer provides the required XPD higher 
than 32 dB, the results of calculations by FEM at coarse grids 20 000– 
40 000 mesh cells predict XPD levels of only 29–31 dB. 

In Table 1 we can see that the increase of the number of tetrahedral 
mesh cells from 20 000 to 100 000 results in the decrease of axial ratio of 
the polarizer from 0.60 dB to 0.37 dB. Simultaneously, XPD of the 
polarizer increases from 29.2 dB to 33.1 dB. Further increase of the 
number of tetrahedral mesh cells from 100 000 to 200 000 results in the 
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increase of axial ratio of the developed polarizer from 0.37 dB to 0.40 dB 
and in the simultaneous decrease of its XPD from 33.1 dB to 32.5 dB. 

Fig. 6–8 demonstrate the results of numerical calculation of the phase 
and polarization characteristics of the developed square waveguide iris 
polarizer using FEM in the frequency domain. In these figures we see the 
comparison of the results obtained using the coarse tetrahedral grid with 
20 000 mesh cells with the numerical results found using the moderate 
grid with 100 000 tetrahedrons and with the ones calculated using the 
dense tetrahedral grid with 200 000 mesh cells. 

 

Table 1 

Characteristics of optimized waveguide polarizer and computation 

time vs. the number of tetrahedral mesh cells applied in FEM 

in the frequency domain 
Number of 

tetrahedral 

mesh cells 

Computation 

time of FEM, 

seconds 

Maximum 

level of 

VSWR 

Differential 

phase shift, ° 

Axial 

ratio, 

dB 

XPD, 

dB 

20 000 28 1.136 90°±3.95° 0.60 29.2 

40 000 46 1.134 90°±3.11° 0.47 31.3 

60 000 64 1.133 90°±2.77° 0.42 32.3 

80 000 76 1.133 90°±2.62° 0.40 32.8 

100 000 100 1.132 90°±2.51° 0.39 33.1 

120 000 117 1.132 90°±2.55° 0.39 33.0 

140 000 139 1.132 90°±2.60° 0.40 32.8 

160 000 172 1.132 90°±2.65° 0.40 32.7 

180 000 205 1.132 90°±2.69° 0.41 32.6 

200 000 227 1.132 90°±2.70° 0.41 32.5 

 
Fig. 6–8 show that the numerical results for the phase and 

polarization characteristics converge relatively fast with the increase of 
the number of applied tetrahedral mesh cells from 20 000 to 100 000. 
The further increase of the number of used tetrahedral mesh cells from 
100 000 to 200 000 results in much slower alteration and convergence of 
the phase and polarization characteristics. 

Therefore, more than 100 000 tetrahedral mesh cells per structure 
volume must be used, if the calculation of the waveguide polarizer’s 
axial ratio and XPD is carried out by FEM in the frequency domain with 
the required accuracies of 0.5 dB. In the case of application of FEM in 
the frequency domain with 100 000 tetrahedral mesh cells the 
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computation time of the waveguide polarizer’s performance at the used 
for numerical analysis personal computer is equal to 100 seconds. 

 

 

Fig. 6. Differential phase shift of the polarizer vs. frequency 

for different numbers of tetrahedral mesh cells used in FEM 

in the frequency domain 

 

 
Fig. 7. Axial ratio of the waveguide iris polarizer vs. frequency 

for different numbers of tetrahedral mesh cells used in FEM 

in the frequency domain 

 

 

Fig. 8. XPD of the optimized waveguide iris polarizer vs. frequency 

for different numbers of tetrahedral mesh cells used in FEM 

in the frequency domain 
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3. Numerical simulation of waveguide iris polarizer using FDTD 

with different number of hexahedral mesh cells 

In this section we present the results of numerical simulations using 
FDTD at the grids with the number of hexahedral mesh cells from 100 000 to 
1 500 000. The applied step of mesh increment was 100 000 of hexahedral 
mesh cells. Table 2 presents the calculated by FDTD electromagnetic 
characteristics of the square waveguide iris polarizer and used computation 
time as dependences on the number of applied hexahedral mesh cells. 

The analysis of Table 2 demonstrates that the computation time 
depends on the number of hexahedral mesh cells, which were applied in 
FDTD, approximately as the linear function. The convergence of the 
results for VSWR of both polarizations is extremely fast. This can be 
explained by the effective conformity of the applied Cartesian 
hexahedral mesh, which is used in calculations by FDTD, to the structure 
of a square waveguide iris polarizer. Thus, the calculation of VSWR of 
microwave devices, whose geometry is conformal to Cartesian grids, by 
FDTD is very accurate even at not dense hexahedral meshes. At coarse 
grid the VSWR maximum level is 1.134 and it rapidly converges to 
value of 1.132. Therefore, as the hexahedral mesh becomes more dense, 
the maximum level of VSWR slightly decreases. 

As we can see in Table 2, the numerical calculation of differential 
phase shift, axial ratio and XPD of a waveguide iris polarizer at coarse 
grids is relatively inaccurate. Although the developed waveguide iris 
polarizer provides the required XPD higher than 32 dB, the results of the 
calculations by FDTD at coarse grids from 100 000 to 200 000 
hexahedral mesh cells predict XPD at the levels of 30–31 dB. 

Table 2 demonstrates that the increase of number of hexahedral mesh 
cells from 100 000 to 900 000 leads to the decrease of axial ratio of the 
polarizer from 0.52 dB to 0.38 dB and to the simultaneous increase of its 
XPD from 30.5 dB to 33.2 dB. Further increase of the number of 
hexahedral mesh cells from 900 000 to 1 500 000 results in the slight 
increase of axial ratio of the developed polarizer from 0.38 dB to 0.40 dB 
and in the simultaneous decrease of its XPD from 33.2 dB to 32.8 dB. 

In Fig. 9–11 we presented the results of numerical calculations of the 
phase and polarization characteristics of the developed square waveguide 
iris polarizer using FDTD method. These figures demonstrate the 
comparison of the results obtained using the coarse hexahedral grid with 
100 000 mesh cells with the results found using the moderate mesh with 
800 000 tetrahedrons and with the ones calculated using the dense 
hexahedral grid with 1 500 000 mesh cells. 
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Table 2 

Characteristics of optimized waveguide polarizer and computation time 

vs. the number of hexahedral mesh cells applied in FDTD method 
Number of 

hexahedral 

mesh cells 

Computation 

time of FDTD, 

seconds 

Maximum 

level of 

VSWR 

Differential 

phase shift,  

Axial 

ratio, 

dB 

XPD, 

dB 

100 000 24 1.134 90°±3.43° 0.52 30.5 

200 000 34 1.132 90°±3.06° 0.46 31.5 

300 000 57 1.132 90°±2.85° 0.43 32.1 

400 000 79 1.132 90°±2.66° 0.40 32.7 

500 000 95 1.132 90°±2.58° 0.39 32.9 

600 000 118 1.132 90°±2.54° 0.39 33.1 

700 000 144 1.132 90°±2.52° 0.38 33.1 

800 000 165 1.132 90°±2.51° 0.38 33.1 

900 000 194 1.132 90°±2.50° 0.38 33.2 

1 000 000 219 1.132 90°±2.55° 0.39 33.1 

1 100 000 243 1.132 90°±2.56° 0.39 33.0 

1 200 000 267 1.132 90°±2.58° 0.39 33.0 

1 300 000 293 1.132 90°±2.59° 0.39 32.9 

1 400 000 304 1.132 90°±2.61° 0.40 32.8 

1 500 000 322 1.132 90°±2.63° 0.40 32.8 

 

It is observed in Fig. 9–11 that the numerical results converge very 

fast with the increase of the number of hexahedral mesh cells from 

100 000 to 800 000. The further increase of the number of hexahedral 

mesh cells from 800 000 to 1 500 000 results in much slower 

convergence of the phase and polarization characteristics. 

Therefore, more than 800 000 hexahedral mesh cells per structure 

volume must be applied, if the calculation of the waveguide polarizer’s 

axial ratio and XPD is carried out using FDTD method with the required 

accuracies of 0.5 dB. In the case of application of FDTD method with 

800 000 hexahedral mesh cells the computation time at the used for 

numerical analysis personal computer is equal to 165 seconds. 

Finally, let us compare the numerical performance of FEM in the 

frequency domain and FDTD method for the calculation of 

characteristics of the waveguide iris polarizer. For this purpose, we unite 
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and analyze several rows of Tables 1 and 2 containing results, which 

were computed at the same personal computer, into Table 3. 

 

Table 3 

Comparison of FEM in the frequency domain and FDFD method 

for calculation of the square waveguide iris polarizer characteristics 
Computation 

time of 

FEM, 

seconds 

Computation 

time of FDTD, 

seconds 

Number of 

tetrahedral 

mesh cells 

Number of 

hexahedral 

mesh cells 

Axial 

ratio, 

dB 

XPD, 

dB 

100 219 100 000 1 000 000 0.39 33.1 

117 243 120 000 1 100 000 0.39 33.0 

139 304 140 000 1 400 000 0.40 32.8 

 

Table 3 demonstrates that for the same accuracy of numerical 

calculations of the phase and polarization characteristics of microwave 

waveguide devices the total computation time required by FEM in the 

frequency domain is more than 2 times less than the same total 

computation time required by the FDTD method. In addition, the 

corresponding number of tetrahedral mesh cells in FEM in the frequency 

domain is 10 times less, than the number of hexahedral mesh cells in the 

FDTD method. This leads to the lower requirements to the computer 

memory needed for the numerical calculations of microwave waveguide 

devices. Therefore, FEM in the frequency domain, which applies 

tetrahedral mesh, is more effective than the FDTD method for the 

calculation of electromagnetic characteristics of modern waveguide 

polarizers and other microwave devises for different applications. 

 

 

Fig. 9. Differential phase shift of the waveguide iris polarizer vs. frequency 

for different numbers of hexahedral mesh cells used in the FDTD method 
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Fig. 10. Axial ratio of the optimized waveguide iris polarizer vs. frequency 

for different numbers of hexahedral mesh cells used in the FDTD method 

 

 

Fig. 11. XPD of the optimized waveguide iris polarizer vs. frequency for 

different numbers of hexahedral mesh cells used in the FDTD method 

 

CONCLUSIONS 

This research presents the results of performance comparison for two 

modern effective numerical methods: finite elements method (FEM) in 

the frequency domain and finite difference time domain (FDTD) method. 

Both methods were applied for the calculation of microwave waveguide 

iris polarizer for satellite antenna systems. 

Obtained results show that more than 100 000 tetrahedral mesh cells 

per structure volume must be used, if the calculation of the polarizer’s 

axial ratio and XPD is carried out by FEM in the frequency domain with 

the accuracies of 0.5 dB. More than 800 000 hexahedral mesh cells per 

volume must be used, if the calculation of axial ratio and XPD is 

performed by FDTD method with the accuracies of 0.5 dB. 
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The computation time of FEM in the frequency domain is more than 

2 times less than the time of calculations, which is required by FDTD 

method. In addition, the corresponding number of tetrahedral mesh cells 

of FEM in the frequency domain is 10 times less, than the number of 

hexahedral mesh cells of the FDTD method. 

Therefore, FEM in the frequency domain, which applies tetrahedral 

mesh, provides much better numerical performance than the FDTD 

method. Thus, FEM in the frequency domain is suggested for the 

calculations of phase and polarization characteristics of modern 

waveguide polarizers and other microwave devises. 

 

SUMMARY 

In presented research we have analyzed and compared modern 

effective numerical techniques for the calculation of microwave devices 

performance. Nowadays, finite difference time domain method and finite 

elements method in the frequency domain are the most frequently 

applied numerical techniques, which are used for the simulation of 

electromagnetic fields in various antennas and bounded microwave 

structures. Modern modifications of these numerical methods and their 

pro and contras have been discussed. In addition, we have compared 

finite difference time domain technique and finite elements method in 

the frequency domain for the calculation of polarization and matching 

characteristics of microwave waveguide polarizers. Using this example 

we have found that the convergence of the calculated matching 

characteristics of microwave waveguide devices is fast for both 

considered numerical methods. On the other hand, the accuracy of 

numerical calculations of the phase and polarization characteristics is 

very sensitive to the number of mesh cells, at which the volume of the 

device structure is divided. 

It was obtained that more than 100 000 tetrahedral mesh cells per 

structure volume must be used, if calculation of the polarizer’s axial ratio 

and crosspolar discrimination is carried out by finite elements method in 

the frequency domain with the accuracies of 0.5 dB. If axial ratio and 

crosspolar discrimination must be calculated with the accuracies of 

0.5 dB by the finite difference time domain method, then the application 

of more than 800 000 hexahedral mesh cells per structure volume is 

required. It was found that the computation time of the finite elements 

method in the frequency domain is more than 2 times less than the 

computation time required by finite difference time domain method. The 
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corresponding number of tetrahedral mesh cells in finite elements 

method in the frequency domain is 10 times less, than the number of 

hexahedral mesh cells in the finite difference time domain method. 

Therefore, finite elements method in the frequency domain is more 

effective than the finite difference time domain method for the numerical 

calculations and optimization of modern waveguide polarizers and other 

microwave devises for various applications in radars, 

telecommunications and satellite information systems. 
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