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ABSTRACT

The structure that transforms a linear polarized signal into right-hand or left-hand
circularly polarized signals is called a polarizer. In this study, a dual-band
waveguide polarizer used in satellite communications is presented. The waveguide
polarizer is designed using iris structures on a square waveguide. The purpose of
the polarizer is to transmit the £45° tilted linearly polarized signal at its input to the
output as a right-hand or left-hand circularly polarized wave, and vice versa. At the
input of the polarizer, a transition is designed between the WR42 waveguide and the
square waveguide. At the output stage, a transition from square waveguide to
circular waveguide is designed. In this paper, the design steps of both the polarizer
and the transition sections, the optimization parameters, and simulation results are
presented in full detail. The simulations are performed with a commercial
electromagnetic simulation software, CST Studio Suite. The design operates within
the Ka-band, specifically at 17.2 — 21.2 GHz and 27.5 — 31 GHz frequency bands.
The insertion loss of the iris polarizer is <0.05 dB, the return loss is >23 dB, and
the phase difference is less than 15° around 90° for both bands.
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CIFT-BANT iRiS POLARIZOR TASARIM VE OPTIMIiZASYONU
Oz

Dogrusal polarizasyonlu bir sinyali sag-el veya sol-el dairesel polarizasyonlu bir
sinyale déniistiiren yapilar polarizor olarak adlandirilmaktadir. Bu calismada, uydu
haberlesmesinde kullanilan ¢ifi-bant dalga kilavuzu polarizor tamtilmistir. Dalga
kilavuzu polarizor, kare dalga kilavuzu iizerine iris yapilart kullanilarak
tasarlanmistir.  Polarizoriin  amaci, girisine gelen =+45° yatik dogrusal
polarizasyonlu sinyali ¢ikisina sag-el ya da sol-el dairesel polarizasyona sahip
dalga olarak iletmektir. Polarizériin girisinde WR42 dalga kilavuzu ile kare dalga
kilavuzu arasinda bir gecis kismi tasarlanmistir. Crkisinda ise Kare dalga
kilavuzundan dairesel dalga kilavuzuna gegis tasarlanmustir. Bu dokimanda,
polarizoériin ve gegis kistmlarimin tasarim adimlari, optimizasyon sonucunda elde
edilen parametreler ve simiilasyon sonu¢lari tiim ayrintilart ile sunulmustur.
Similasyonlar, ticari bir elektromanyetik simiilasyon programi olan CST Studio
Suite ile gerceklestirilmistir. Tasarim Ka bantta, 17.2 — 21.2 GHz ve 27.5 - 31 GHz
frekans araliklarinda ¢alismaktadir. Iris polarizériin araya girme kaybr <0.05 dB,
geri doniis kaybt >23 dB ve faz farki iki bant i¢in de 90° etrafinda 15°°den kigUktr.

Anahtar Kelimeler: Iris Polarizor, Cift Bant Polarizor, Ka Bant.

1. INTRODUCTION

Antennas are structures that enable the propagation and receiving of electromagnetic
waves. Antenna design depends on the polarization type of the wave and the field of
application.

Antennas are inevitably used in satellite communications, where signal transmission
by cable is impossible. Satellite communications is one of the most studied areas in
space operations (Kolawole, 2002). The main purpose of a communication satellite
is to assist in the transmission of information or messages from one point to another
in space. The transmitted information can be audio, video, or digital data. This
information can also be transmitted from the earth to the satellite or vice versa. The
transmitted wave between the earth and the satellite passes through the ionosphere.
As the wave passes through the ionosphere, the wave may rotate due to free electrons
in the ionosphere, and the polarization direction of the wave may change. Since
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circularly polarized waves are not affected by polarization rotations in the
ionosphere, they are preferred in satellite communications (Dondl, 1995). The device
that is called a polarizer is used to convert a linearly polarized wave into a circularly
polarized wave (or vice versa) (Kitsuregawa, 1990). There are different types of
polarizers depending on the frequency and area of application. Septum polarizer,
circular polarizer, corrugated polarizer, and iris polarizer are some of the most
commonly used polarizers (Eom & Korchemkin, 2006) (Jazani & Pirhadi, 2018)
(Tribak, Mediavilla, Cano, Boussouis, & Cepero, 2009) (Giiveng, Sisman, & Ergin,
2023). The structure of the iris polarizer is especially preferred in high-frequency
applications. This polarizer performs polarization transformation with the irises in
its structure (Chambelin & Pintos, 2006) (Tucholke, Arndt, & Wriedt, 1986).

In this study, a new polarizer is designed by adding irises on a square cross-section
waveguide. At the input of the polarizer, a transition stage is designed between the
WR42 waveguide and the square waveguide. At the output of the designed polarizer,
a transition stage from square waveguide to circular waveguide is also designed. In
the present study, it is assumed that the output of the polarizer will not be connected
to a circular waveguide; it will radiate into free space serving as the feed to a
reflector. Therefore, far-field simulations are carried out for the radiation pattern of
the circularly polarized wave emanating from the polarizer.

Simulations are performed with a commercial electromagnetic simulation software,
CST Studio Suite®. CST Studio Suite enables the solution of electromagnetic (EM)
simulations using methods such as the Finite Element Method (FEM), Finite
Integration Technique (FIT), and Transmission Line Matrix Method (TLM).
Additional EM solvers for high-frequency applications of electrically large
structures complement the general solvers. All EM solvers are based on solving
Maxwell's equations by different methods. Time domain solvers use the Finite-
Difference Time-Domain (FDTD) method to solve Maxwell's equations. Frequency
domain solvers use the Finite Element Method (FEM) to solve Maxwell's equation.
The two solvers use two different methods for the EM simulation solution of the
same structure. Simulations of the iris polarizer structure are performed with the time
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domain solver and the frequency domain solver independently. Therefore, the results
presented here are verified by different numerical analysis methods.

The design operates dual-band within the Ka-band; more specifically at 17.2 — 21.2
GHz and 27.5 — 31 GHz frequency bands. 17.2 — 21.2 GHz and 27.5 — 31 GHz are
two bands that are commonly used in receiving and transmitting circuits,
respectively. A structure designed for these two bands is expected to have high return
loss (>20 dB), low insertion loss (<0.2 dB), and a phase difference close to 90°. The
insertion loss of the iris polarizer is less than 0.05 dB, the return loss is greater than
23 dB, and the phase difference is less than 15° around 90° for both bands. The
antenna directivity of the structure with only the circular waveguide (without basic
or corrugated horn) is between 8.5 and 13 dB. The side-lobe level across the band is
less than -20 dB.

In this study, the design steps of the structure including the transition stages added
to the input and output are given in Section 2. Electrical results and far-field
simulation results of the polarizer are presented in Section 3. Conclusions and
evaluations are given in Section 4.

2. IRIS POLARIZER

2.1. The Polarizer Structure

The iris polarizer contains thin metals positioned on two opposite walls of the square
waveguide. These thin metals are called irises. The irises on the polarizer are shown
in Figure 1.

In Figure 1, the wave at the input of the iris polarizer is a 45° tilted linearly polarized
wave. When this wave is analyzed as two orthogonal (vertical and horizontal)
components, the vertical component travels through the polarizer while interacting
with the irises whereas the horizontal component is not affected by the irises. In other
words, the irises slow down the vertical component while the horizontal component
propagates as if the waveguide had no irises. The iris designs are made so that the
phase difference between the vertical component and the horizontal component is
90°. Thus, a circularly polarized signal is obtained at the polarizer output. Whether
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the circularly polarized signal is right-hand or left-hand depends on whether the
wave at the input of the polarizer is tilted +45° or —45°, respectively. Note that the
sign of the tilt angle can be controlled by the direction of the TE,; component.

TEw

TE ) P

Figure 1. The structure of the iris polarizer and polarizations at the input and output.

2.1. Polarizer Design

Iris polarizer design consists of the design of two components: the square waveguide
and irises. The square waveguide dimensions are calculated depending on the
frequency band. For a rectangular waveguide, the dimensions are calculated
depending on the cut-off frequency (Pozar, 2004):

1 mimy 2 NIy 2

fomn = 3= | () +(5) @
where f. .., is the cut-off frequency, m and n are the modes, a and b are the
dimensions of the waveguide. m and n can have values 0,1,2,3... . For a square
waveguide a = b. For TE;, and TEy; modes, mn is calculated by taking 10 or 01.
For 17.2-21.2 GHz and 27.5-31 GHz frequency bands, the cut-off frequency is 13
GHz. In this design, the size of the square waveguide is calculated as 11.75 mm.
With this size, the next higher-order mode is TE11 with a cut-off frequency of 37.46
GHz. Since the design operates in dual-band, the size of the waveguide is selected
larger than the standard waveguide. The size of the iris is of great importance for
achieving return loss, low insertion loss, and a phase difference close to 90° in dual-
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band. In this design, the number of irises, thickness, height, width, and spacing
between irises are calculated. Then the structure is fine-tuned to improve its
performance in dual band. The thickness of the iris, t, the space between the irises,
0, the iris height, h, and the number of irises are other design parameters. Figure 2
shows the iris parameters on the polarizer.

a=b

cesscsoafdolidiliilinilene cen-

(a) (b)

Figure 2. Geometry of iris polarizer (a) front view, (b) side view.

For the phase difference between the vertical and horizontal components of the
linearly polarized wave at the input of the polarizer to be 90° at the output, the
vertical component has to be delayed by the extra path provided by the irises.
Therefore, each of the iris parameters is of great importance to provide the phase
difference. While achieving this goal, the return loss must be low and the signal
transmission must be high. Iris thickness (t) is the parameter that directly affects the
phase difference. In the design, the initial value of each iris thickness is calculated
as follows (Hwang & Lee, 2014):

t =0.15,, (2)

where A, is the guided wavelength at the center frequency. Optimization is
performed to fine-tune the phase difference in dual-band applications. As a result of
the optimization, the iris thicknesses in the design vary between 0.34 — 0.6 mm.
The gap between the irises is also a parameter that directly affects the phase
difference. The best electrical results are obtained when the gap next to each iris is
at least twice the thickness of the iris:

g>2t 3)
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As a result of the optimization, the iris gaps in the design vary between 0.82 —
1.63 mm. Another important design parameter is the height of each iris. The iris
height significantly affects the phase difference as well as the return loss.
Considering the polarizer structure, the height of the iris increases from one end to
the center of the polarizer and decreases symmetrically from the center of the
polarizer to the other end. Since the return loss is inversely proportional to the height
of the front iris, using this configuration increases the return loss by decreasing the
height of the front iris. The following range is used for iris heights:

h = (0.01 —0.1)4,, (4)

As a result of the optimization, the iris heights in the design vary between 0.12 —
1.06 mm. The number of irises in the polarizer also affects the phase difference.
The number of irises can be increased so that the output phase difference between
the wave components is close to 90° throughout the desired band. The number of
irises can be odd or even (Hwang & Lee, 2014). This study is initially designed with
23 irises. However, 23 irises are not enough for a phase difference close to 90° in
dual-band. As a result of the simulations, the number of irises is increased to 27.

Table 1. Dimensions of the irises after optimization.

Parameter Dimension Parameter Dimension Parameter Dimension

(mm) (mm) (mm)
tO 0.41 9o 0. hO 1.06
ty 0.44 g1 0.82 hy 0.91
%) 0.49 g2 0.88 h, 0.96
t3 0.55 g3 0.98 hs 0.98
ts 0.44 s 0.98 hs 0.82
ts 0.51 Je 0.88 he 0.77
ty 0.53 g7 1.02 h, 0.61
tg 0.49 Js 1.06 hg 0.65
‘o 0.6 9o 0.98 he 0.45
tio 0.48 910 1.2 hio 0.28
ti11 0.45 J11 0.96 hyy 0.30
t12 0.48 912 0.9 hyy 0.28
ti3 0.34 J13 0.96 hys 0.12
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The irises on the two opposite walls of the polarizer are symmetrically designed.
There is one iris in the center of the wall of the polarizer and 13 symmetrical irises
on either side of the center iris. The iris in the center is called the Oth iris. The iris
numbers continue to increase from the center to the end of the polarizer. The final
values of t, g, and h for each iris are given in Table 1.

2.2. The Transition Sections

The iris polarizer is designed to be used in the feed structure of an antenna system.
Therefore, a circular transition is designed at the output of the polarizer which
supports circular polarization. The circular waveguide can be used as a feed by
adding a basic or corrugated horn aperture. The radius r of the circular waveguide is
calculated for the cut-off frequency f. ., by the equation (Pozar, 2004):
Pnm

femn = T (5)
where nm indicates the mode and pj,,,,, value is 3.83 for TE,; mode. In this design,
the radius of the circular waveguide is determined as 7 mm as a result of calculations
and simulations. The cut-off frequency for the next higher mode (TEu1) is calculated
to be 37.46 GHz. A loft structure is used between the circular waveguide and the
square polarizer. The circular transition structure is shown in Figure 3. As a result of
the simulations, the length of the loft structure and the waveguide are 12 mm and
10 mm respectively.

)] -
12 mm,,
10 mm_»*

circular waveguide

Figure 3. Iris polarizer and circular transition.
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The input of the polarizer is a square waveguide and does not conform to standard
waveguide dimensions. A transition is used to convert this input to standard
dimensions. One end of the rectangular transition is a square waveguide, and the
other end is a WR42 waveguide with a loft structure between them. The WR42
waveguide is designed at an angle of 45° to the vertical so that the wave arrives tilted
at +45° to the input of the polarizer. Therefore, TE;, mode from WRA42 is converted
as RHCP wave to the other end of the polarizer, while TE,; mode is converted as
LHCP wave. Figure 4 shows the polarizer and transition sections. As a result of the
simulations, the length of the loft structure and the waveguide are determined as
20 mm and 10 mm, respectively.

N\
QNN

B \\\\\
\ -t

\' circular transition

Figure 4. Iris polarizer and transition sections.

3. SIMULATIONS

The analysis and simulations of the dual-band (17.2-21.2 GHz and 27.5-31 GHz)
polarizer and transition sections are carried out with the commercial electromagnetic
simulation software, CST Studio Suite. The analyses are carried out in two steps. In
the first step, the S parameters are calculated for each mode from the WR42 input
(port 1) to the end of the square polarizer section (port 2). The circular transition is
not included in this first analysis because the output from the circular section is not
intended as a waveguide port; it is rather conceived as the feed aperture for the
reflector antenna. Therefore, in the second part of the analysis, the whole structure
including the circular transition section is analyzed as an antenna with a single port,
and its radiation characteristics are studied.
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Hence, firstly, the performance of the polarizer and the rectangular transition is
analyzed. On the polarizer, 27 irises are used on each wall. A rectangular transition
section is used to ensure that the signal arrives at +45° to the iris input. The
rectangular waveguide is defined as port 1 and the output of the polarizer is defined
as port 2. The reflection and transmission coefficients between the two modes at port
1 and the two modes at port 2 are analyzed. The return loss and insertion loss of the
structure are given in Figure 5. The two bands of interest are marked with green in
both figures. It is seen that the return loss is greater than 30 dB from 17.7 to 21.2
GHz, but the return loss is 23 dB from 27.5 to 31 GHz. Better return loss values are
achieved in port 1 where the waveguide transition section exists. In port 2, there is
no transition section. Therefore, the irises stand close to the port and there is not
much space for the evanescent modes to fade away. Hence, a higher S22 is not
surprising and better performance is expected in the presence of the circular
transition section. The transmission between the ports is also very well with an
insertion loss less than 0.05 dB throughout the two bands. Note that the S21 values
are given separately for both modes. This is important because each mode (vertical
and horizontal) experience different electrical paths and although even if the phase
difference between them turns out to be 90° a difference between the insertion losses
will mean deviation from circular polarization. With this perspective, the largest
difference of 0.035 dB between the two modes causes only 0.8% deviation in the
axial ratio of the circular polarization which is more than acceptable.

1o Return Loss o Insertion Loss
-30 -0.03
g 1 M 1
a .
-501 f -0.06
—s11 | i |—S21 mode 1 |
70l —s2 \’ -0.09{— S21 mode 2 [
16 20 24 28 0 32 16 20 24 28 0 32
Frequency / GHz Frequency / GHz

Figure 5. Return and insertion losses for the polarizer and rectangular transition.
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The phase difference between the vertical component and the horizontal component
of the wave should be approximately 90° at the end of the polarizer. In dual-band
structures, it is difficult to set the phase difference to 90° throughout the operation
bands. The initial goal of the present study was to achieve a phase deviation of 15°.
The phase difference of the resulting structure is given in Figure 6. It is seen that the
phase-difference along both bands is tuned around 90° the goal of 15° deviation is

achieved with values ranging between 83° and 98°.
105 Phase Difference
100
95+
90
851 —f
801

16 20 24 28 32
Frequency / GHz
Figure 6. Phase difference between the vertical and horizontal wave components at the
output.

The performance results of the iris polarizer are also presented in Table 2. The
electrical performances of this study and other polarizer studies in close frequency
bands are compared in Table 3. Note that although the literature values for the return
loss and phase difference are better, the present study covers a much larger frequency
range (fmax / fmin = 31/17.7 = 1.75) compared to <1.53 in the literature.

Table 2. Electrical performance of the iris polarizer and rectangular transition.

Minimum Return Phase Difference
Frequency (GHz) Loss (dB) Range (°)
17.7 — 21.2 30 83 —-98
27.5-31 23 85—95
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Table 3. Comparison of the electrical performance.

Frequency Minimum Phase
(GHz) Return | Difference
Loss (dB) | Range (°)
This Study penios 23 83 — 98
(Hwang & Lee, 2014) 2268 6_—231.i2 30 86 — 90
(Leal-Sevillano, Ruiz-Cruz, 19.75 — 20.25 27 89 — 91
Montejo-Garai, & Rebollar, 2013) | 29.75 — 30.25
(Liu, Li, Li, & He, 2008) 24 —-36 27 82 —98

In the second stage of the analysis, the circular waveguide transition section at the
output of the iris polarizer structure is included. Far-field (antenna) simulation results
of the structure are analyzed. The return loss of the structure is seen to be greater
than 32 dB in Figure 7. A return loss higher than 32 dB means that 99.937% of the
energy that enters the polarizer is radiated into the free space through the circular
end, which is a very good figure of efficiency. The far-field pattern is shown in
Figure 8. The rotational symmetry of the radiation pattern indicates that the axial
ratio of the electric field at the aperture is around unity. The side-lobe value of the
structure over the entire frequency band is around -20 dB.

30 Return Loss

16 20 24 28 32
Frequency / GHz

Figure 7. Return loss of all structure.
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Figure 8. Far-field pattern of the iris polarizer and transitions.

Figure 9 shows the electric field distribution of the structure consisting of the iris
polarizer and the circular waveguide. From the input of the iris polarizer to the end of
the circular waveguide, the signal changes from linearly polarized to circularly polarized.

dB(v/m)

Figure 9. Simulated electric field distribution of the iris polarizer and circular waveguide

The directivity and realized gain of the structure over the full frequency band are
given in Figure 10. The gain is above 8.5 dB which is satisfactory for the dish that
the polarizer is intended to feed.

3 Directivity, Phi=90 3 Rtlealilzed. GE.lin’.Ph.izg.O‘
]2: L 1

m

10:___

ks | A0
16 20 24 28 32 6 20 24 28 3

Frequency / GHz Frequency / GHz
Figure 10. Directivity (dBi) and realized gain (dBi) of the design for all frequency ranges.
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4. CONCLUSION

In this paper, the design and optimization results of a dual-band iris polarizer with
transition sections are presented. The design works within the Ka-band, specifically
at the 17.2 — 21.2 GHz and 27.5 — 31 GHz frequency bands. The iris polarizer
structure consists of 27x2 irises on two opposite walls on the square waveguide. The
irises create a delay on the vertical component of the +45° tilted linearly polarized
signal at the input of the polarizer. Thus, the signal arrives at the end of the polarizer
as either a RHCP or LHCP wave. WR42 to square transition is added to the input of
the polarizer. At the output of the polarizer, a transition from square waveguide to
circular waveguide is designed. The insertion loss of the iris polarizer is <0.05 dB,
the return loss is >23 dB, and the phase difference variation between the two linear
components of the output wave is less than 15° around 90° for both bands. Far-field
results are obtained with a circular aperture at the output of the polarizer structure.
Directivity increases linearly with increasing frequency and the side lobe levels are
around -20 dB.
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