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In this article, we have proposed a new design for a waveguide polarizer with a metal plate. The plate
has the shape of three steps. The septum polarizer has been designed to operate in the frequency band 7.7-
8.1 GHz. Each step of the plate of such a device has its own height and thickness. It is necessary that the
first step from the square port is the lowest and thinnest and the last one is the highest and thickest for
better matching. The waveguide with a square cross section was chosen for simplicity of production. The
basic electromagnetic characteristics of the developed waveguide polarization conversion device were opti-
mized using commercial software. The well-known finite-domain electrodynamic method in the frequency
domain was applied in the simulation program. The proposed development method also allows one to op-
timize the geometric dimensions of the entire waveguide polarizer based on a three-stepped metal plate.
The obtained dimensions of the polarizer with the plates will provide the optimal phase characteristics,
matching characteristics, polarization characteristics and isolation characteristics between the device
ports. The method allows one to obtain the following dimensions: the height of the wall of a square wave-
guide, the height of three different steps of the plate, the distance between the steps of the plate. Accord-
ingly, the waveguide septum polarizer is capable of cutting the following values of the electromagnetic
characteristics in the operating frequency band 7.7-8.1 GHz. Differential phase shift can vary by 90°+0.86°.
The maximum voltage standing wave ratio does is 1.044 for vertical and horizontal polarizations. The max-
imum value of the axial radio of the developed device is 0.13 dB. The maximum crosspolar discrimination
of the polarization device is — 42 dB. The isolation between the first and second ports of a three-step polar-
izer with plates does not exceed — 39 dB. In this way the presented polarizer can be used in modern satel-
lites and radar systems.
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1. INTRODUCTION

Modern radar systems and satellite systems use po-
larization signal processing. It is carried out by polari-
zation converting devices that convert the types of
polarization [1]. Historically, the first to appear were
polarizing devices with reactivities in the form of posts
[2, 3]. Then polarized devices appeared based on a
square waveguide with irises of different configurations
[4-6]. In [4], a design of a polarizer based on a square
waveguide with irises is presented. It operates in the
C-band. The cross-polarization isolation does not ex-
ceed -35 dB. The reflection coefficient is — 40 dB. The
design of a polarizer based on a circular waveguide
with irises is described in [5]. The presented irises are
elliptical. The differential phase shift of the designed
device is 90°+1°. The return loss for both polarizations
is better than 35 dB. In [6], the design of polarizers
based on slot irises is proposed. These polarizers have a
narrow bandwidth.

In addition, there are polarizing devices in the form
of a combination of posts and irises. There are many
techniques for the design and synthesis of such devices

PACS numbers: 84.40.Az, 84.40.Ua

[7-9]. In [7], a method for analyzing waveguide polariz-
ers with irises based on the technique of wave matrices
is presented. The numerical results of the method are
given in [8]. In [9], the method for the synthesis of
waveguide polarizers with irises has been described.

There are also designs of polarization converters
based on sections of rectangular waveguides with inner
corner ridges and on the basis of sectorial coaxial
ridged waveguides [10]. But for a narrow frequency
range, polarization devices based on a square wave-
guide with a metal plate have better characteristics
[11-17]. In [11], a method is described for the imple-
mentation of a polarizer with a dielectric plate in the
frequency range 60-62.25 GHz. The axial ratio of the
polarizer is less than 0.5 dB. The return loss is — 13 dB.
In this design, it is possible to adjust the length of the
dielectric plate. The two stepped septum polarizer is
described in [12]. Design supports consistent power
supply for increased bandwidth.

In [13], the development of a compact waveguide
duplexer with high isolation is described. The device
operates at 225 GHz. The design uses the reception and
transmission of orthogonal circular polarizations. This
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is done using a septum polarizer. The developed system
has an isolation of 30 dB in a relative frequency band of
10 %. The return loss of the proposed device is greater
than 20 dB. A septum polarizer design for high power
applications was proposed in [14]. A septum profiled
with smooth edges is presented. The septum is repre-
sented by the sigmoid function. This function provides
various configurations without any interruption. The
profiles were optimized by the Particle Swarm Optimi-
zation technique in the HFSS software. In [15], a range
illuminator design based on a stepped-septum polarizer
is proposed. This polarizer can be used with dual-mode
horns, pyramidal horns, and corrugated horns. The
paper describes the procedure for determining the ge-
ometry of the partition in the form of two steps for
subsequent optimization. Adaptive production technol-
ogy has been proposed to minimize and integrate an-
tenna systems [16]. It is used to fabricate waveguide
components. In particular, it is used for the production
of Ka-band septum polarizers. The developed proto-
types have acceptable characteristics. In [17], the re-
sults of the development of a stepped wave-water sep-
tum polarizer in the 230 GHz range for radio astrono-
my are presented. This design allows for efficient elim-
ination of processing errors. A new broadband septum
polarizer is proposed in [18]. The relative bandwidth is
37.8 %. The wave-water design has the shape of an
equilateral triangle. This provides the largest possible
frequency range between the main and the next higher
cutoff mode. As a result, two polarizer designs were
designed for the frequency ranges 75-110 GHz and 18-
26 GHz. The axial ratio of such polarizers is lower than
1.3 dB. In [19], a method is presented for describing the
complete characteristics of the septum polarizer dielec-
tric plate polarizer implementations in back-to-back
configuration through standard amplitude/power
measurements. The design of the hybrid tap is de-
scribed in [20]. This design is based on the principle of
operation of a septum polarizer. A prototype of the
device was created in the frequency range 17.2-
20.9 GHz. The axial ratio is less than 0.5 dB. The re-
turn loss of the device is 24 dB. In addition, a prototype
of the device is created in the frequency band of 16.8-
22.0 GHz. The axial ratio is less than 3.0 dB. The re-
turn loss of the device is 20 dB. Such devices can be
used in power supply systems for complex antenna
systems. The split-block manufacturing technique of
the septum polarizer is described in [21]. A polarizer
was developed based on the proposed technique. The
device is designed in such a way that there is a mini-
mum influence of welding and skewing effect on the
characteristics of the polarizer.

Moreover, such polarizers are increasingly being
used in modern telecommunication systems 5G [22-24].
In [22], a design of a septum polarizer with a toothed
partition is proposed. The developed device was inte-
grated into the substrate. The polarizer operates at
29 GHz for 5G applications in a 4.5 % relative band-
width. The axial ratio is 3 dB. The transmission coeffi-
cient of the device does not exceed 1.6 dB. The results of
the development of a broadband septum antenna for
microwave applications are proposed in [23]. In such a
dual circular polarized antenna, the polarizer has two
overhangs. Due to this solution, it was possible to in-
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crease the antenna bandwidth. The proposed antenna
has an axial ratio of less than 3 dB. Antenna reflectivity
is less than — 14 dB. Antenna isolation is 22 dB. In [24],
the design of a wideband antenna with double circular
polarization for the W-frequency range is described.
The antenna contains an optimized waveguide septum
polarizer. This design allows both left-hand circular
polarization and right-hand circular polarization to be
transmitted and received simultaneously. The designed
antenna has a bandwidth of 76.8-94.7 GHz. The axial
ratio of such a system does not exceed 5.8 dB. Isolation
between antenna channels is more than 20 dB. Reflec-
tance parameter is less than — 15 dB.

Despite the large number of works devoted to vari-
ous numerical methods for creating septum polarizers,
there are many problems of optimizing the characteris-
tics of such devices. Therefore, in this article, we have
developed and optimized a new design of the X-band
septum polarizer.

2. PRINCIPLE OF OPERATION OF A SEPTUM
POLARIZER WITH PLATE

The septum polarizer is an essential passive com-
ponent of receiver. It is a simple and compact device for
converting linear polarization into circular polarization
and vice versa.

The three-dimensional model a waveguide polariza-
tion conversion device with stepped plate is shown
below (Fig. 1).

This design provides the basic polarization charac-
teristics. The polarizing device is designed on the basis
of a rectangular waveguide with a metal plate. The
plate is designed in the form of three steps.

f
—

Fig. 1 — 3D model of a three-stepped waveguide polarizer

A signal applied to one of the inputs of a rectangular
polarizer is converted in its square section into a circu-
larly polarized signal. In this case, right circular polari-
zations or left circular polarizations are obtained de-
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pending on which of the inputs 1 or 2 of the polarizer is
supplied with the input signal. On the contrary, a signal
with circular polarization from a section with a square
cross section, depending on the direction of rotation of
the polarization vector, arrives at input 1 or 2.

The principle of operation of the waveguide polariz-
er is clear from Fig. 2.

Vertical polarization

~ A

Horizontal polarization

/ g

L

Fig. 2 — Horizontal and vertical polarizations

The component of the field, parallel to the partition,
is transformed into two odd modes (counterphase com-
ponents) in rectangular arms (inputs 1 and 2), and the
perpendicular component is transformed into two even
modes (in-phase components). If both components exist
simultaneously, a mutual suppression of signals will
occur in one of the rectangular arms. Suppose, for ex-
ample, a signal with the first circular polarization
propagates towards the partition from a square section,
so that the vertical component is ahead of the horizon-
tal one by 90°. The septum area can be viewed as a
retarding structure for the vertical component. If the
septum is made of such a length that the phase delay
for the vertical component is 90°, both components will
suppress each other in the input arm 1 and add up in
phase in the input arm 2 of the polarizer.

Fig. 3 presents the designs and designations of di-
mensions of the polarizer with three stepped septum of
constant and stepped thicknesses.

a

Fig. 3 — The design of a three-stepped waveguide polarizer

The optimization of the characteristics of a three-
stepped waveguide septum polarizer were performed.
The numerical results are summarized in Table 1.
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Table 1 — Sizes of the optimized three-stepped septum polarizer

Parameter name Numerical value, mm
Size of square waveguide walls a=23.62
Height of the highest plate h1=11.72
Height of the medium plate he =15.38
Height of the lowest plate hs=19.38
Gap between the highest plate mi1=9.15
Gap between the medium plate mz=15.12
Gap between the lowest plate m3 =13.45
Thickness the highest plate di1=11.72
Thickness the medium plate ds =15.38
Thickness the lowest plate ds=19.48

3. NUMERICAL STUDY OF SEPTUM
POLARIZER CHARACTERISTICS

Result of the performed research are presented
hereinbelow. The frequency dependences of the elec-
tromagnetic characteristics of the developed device for
the frequency range 7.7-8.1 GHz are presented. The
results were obtained in a specialized program using
computer simulation [25]. The main characteristics are
differential phase shift, voltage standing wave ratio
(VSWR), axial ratio and crosspolar discrimination
(CPD), isolation.

Fig. 4 presents the frequency dependence of the
VSWR of the developed polarizer for horizontal and
vertical polarization. As can be seen, the maximum
level of VSWR for both linear polarizations is 1.042. It
is reached at a frequency of 7.7 GHz.

Fig. 5 shows the dependence of the differential
phase shift of the polarizer in the frequency range 7.7-
8.1 GHz. As can be seen, the differential phase shift is
equal to 90° at a frequency of 7.95 GHz. In the operat-
ing frequency range, the differential phase shift of the
polarizer varies from 90.86° to 89.9°. The minimum
deviation from 90° is 89.9°. It is observed at 8.05 GHz.

1.045¢ T T T T
horizontal polarization for ports I and 2

1.040! . b
horizontal polarization for port 3

o 10351

vertical polarization for port 3

E 1.030
>

1.025¢

1.020

1.015! H H H i H i H
7.70 7.75 7.80 7.85 7.90 7.95 8.00 8.05 8.10

Frequency, GHz

Fig. 4 — Dependence of VSWR on frequency for both polariza-
tions
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Fig. 5 — Dependence of differential phase shift on frequency
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Fig. 6 demonstrates the dependence of the axial ra-
tio of the polarizer in the frequency range 7.7-8.1 GHz.
As can be seen, the axial ratio does not exceed 0.13 dB.
The axial ratio at 7.94 GHz is 0.

Fig. 7 shows the dependence of the crosspolar dis-
crimination of the development septum polarizer in the
frequency range 7.7-8.1 GHz. As can be seen, the cross-
polar discrimination does not exceed — 42 dB. The CPD
at 7.94 GHz is - 105 dB.
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Fig. 6 — Dependence of axial ratio on frequency
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Fig. 7 — Dependence of crosspolar discrimination on frequency

Fig. 8 illustrates the isolation of the developed sep-
tum polarizer in the operating frequency bands 7.7-
8.1 GHz. Fig. 8 presents that the isolation does not
exceed — 39 dB at 8.1 GHz. At 7.856 GHz the maximum
value of isolation between first and second ports is
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— 52 dB. Consequently, such values indicate a good
isolation of the ports of the designed septum polarizer.

Therefore, the waveguide septum polarizer for sat-
ellite systems in the operating band 7.7-8.1 GHz was
developed in the course of our research. The presented
waveguide septum polarizer with a stepped plate has
the following characteristics. The differential phase
shift range is 90°+t0.86°. The polarizer provides a
VSWR of less than 1.044. Axial ratio is less than
0.13 dB. CPD is above 42 dB. The characteristics of the
developed device perfectly meet the requirements of
modern satellite and radioelectronics systems.
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Fig. 8 — Dependences of isolation of a developed septum polar-
ization transducer on frequency for 1 and 2 ports

4. CONCLUSIONS

A new three-stepped septum waveguide polarizer
has been developed for the operating frequency band of
7.7-8.1 GHz. The differential phase shift of the devel-
oped device is 90°+0.86°. The isolation between the first
and second ports is — 39 dB. VSWR has a maximum
value i1s 1.044. In this case, the crosspolar discrimina-
tion is more than 42 dB.

In this way, the developed polarization device can
be recommended for practical use in modern telecom-
munication systems. In future studies, we propose to
investigate other step configurations for the design of
waveguide septum polarizers.

national Conference on Devices and Communications
(ICDeCom), 725 (Mesra: IEEE: 2011).

13. C.A. Leal-Sevillano, K.B. Cooper, J.A.Ruiz-Cruz, J.R.
Montejo-Garai, J.M. Rebollar, IEEE T. Thz. Sci. Tecnh. 3
No5, 574 (2013).

14. I. Kim, J.M. Kovitz, Y. Rahmat-Samii, IEEE Antenn.
Propag. M. 56 No5, 16 (2014).

15. M. Mrnka, M. Pavlovic, Z. Raida, IEEE Antenn. Propag.
M. 58 Nod, 82 (2016).

16. G. Addamo, O.A. Peverini, D. Manfredi, F.Calignano, F.
Paonessa, G. Virone, IEEE T. Microw. Theory. 66 No8,
3589 (2018).

17. Y. Hasegawa, R. Harada, K. Tokuda, K. Kimura, H. Oga-
wa, T. Onishi, A. Nishimura, J. Han, M. Inoue, J. Infra-
red. Milli. Terahz. Waves 38 No2, 638 (2017).

18. B. Deutschmann, A.F. Jacob, IEEE T. Microw. Theory. 68
No2, 693 (2019).

19. J.L. Cano, A. Mediavilla, IEEE T. Microw. Theory. 69 Nol,
179 (2021).

20. N.J.G. Fonseca, J.-C. Angevain, IEEE T. Microw. Theory.
69 No6, 3030 (2021).

21. Z. Ding, R. Jin, S. Yang, X. Zhu, International Symposium
on Antennas and Propagation and North American Radio
Science Meeting, 725 (Montreal: IEEE: 2020).

01004-4


https://doi.org/10.21272/jnep.12(5).05024
https://doi.org/10.21272/jnep.12(5).05024
https://doi.org/10.1109/LAWP.2004.831084
https://doi.org/10.1109/CONECCT50063.2020.9198499
https://doi.org/10.1109/CONECCT50063.2020.9198499
https://doi.org/10.1109/CONECCT50063.2020.9198499
https://doi.org/10.1109/LMWC.2008.2001005
https://doi.org/10.1109/22.993409
https://doi.org/10.1109/22.993409
https://doi.org/10.1109/TMTT.2018.2881089
https://doi.org/10.21272/jnep.12(6).06026
https://doi.org/10.21272/jnep.12(6).06026
https://doi.org/10.21272/jnep.13(5).05023
https://doi.org/10.21272/jnep.13(5).05023
https://doi.org/10.21272/jnep.13(5).05024
https://doi.org/10.1109/22.402260
https://doi.org/10.1109/22.402260
https://doi.org/10.1109/TMTT.2004.830487
https://doi.org/10.1109/TMTT.2004.830487
https://doi.org/10.1109/ICDECOM.2011.5738519
https://doi.org/10.1109/ICDECOM.2011.5738519
https://doi.org/10.1109/ICDECOM.2011.5738519
https://doi.org/10.1109/TTHZ.2013.2264317
https://doi.org/10.1109/TTHZ.2013.2264317
https://doi.org/10.1109/MAP.2014.6971913
https://doi.org/10.1109/MAP.2014.6971913
https://doi.org/10.1109/MAP.2016.2569444
https://doi.org/10.1109/MAP.2016.2569444
https://doi.org/10.1109/TMTT.2018.2854187
https://doi.org/10.1109/TMTT.2018.2854187
https://doi.org/10.1007/s1076201703643
https://doi.org/10.1007/s1076201703643
https://doi.org/10.1109/TMTT.2019.2951138
https://doi.org/10.1109/TMTT.2019.2951138
https://doi.org/10.1109/TMTT.2021.3020639
https://doi.org/10.1109/TMTT.2021.3020639
https://doi.org/10.1109/TMTT.2021.3074194
https://doi.org/10.1109/TMTT.2021.3074194
https://doi.org/10.1109/IEEECONF35879.2020.9330045
https://doi.org/10.1109/IEEECONF35879.2020.9330045
https://doi.org/10.1109/IEEECONF35879.2020.9330045

THREE-STEPPED SEPTUM WAVEGUIDE POLARIZER IN THE ... JJ. NANO- ELECTRON. PHYS. 15, 01004 (2023)

22. K.Al-Amoodi, R. Mirzavand, M.M. Honari, J. Melzer, D.G. 24. C. Shu, J. Wang, S. Hu, Y. Yao, J. Yu, Y. Alfadhl, X. Chen,

Elliott, P. Mousavi, IEEE Antenn. Wirel. Pr. 19, Nol2, IEEE Antenn. Wirel. Pr. 18, No9, 1726 (2019).
2517 (2020). 25. F.F. Dubrovka, A.V. Bulashenko, A.M. Kuprii, S.I. Piltyay,
23. X. Cheng, Y. Yao, T. Yu, J. Yu, X. Chen, IEEE T. Antenn. Radioelectron. Commun. Syst. 64 No4, 204 (2021).

Propag. Co. 69 No6, 3549 (2021).

TpucryninyacTuili XBUJIE€BOIHUN MOJIAPU3ATOP i3 MEPETrOPOIKOI0
B giama3oui podouux gacror 7.7-8.1 I'T'ng

C.I. ITineraitl, A.B. Bynamenko!, T.B. Casenuyk!, O.B. Bynamenko?, I.B. 3aberamos?

1 Hauionanvruili mexuiuHuil ynisepcumem Yrpainu «Kuiscokuii nonimexniunuil tncmumym
imeni Ieops Cixopcoroeon, np. Ilepemoeu, 37, 03056 Kuis, Yrpaina
2 [llocmrxurcvrut ghaxosuti kosedxc imerni Isana Koocedyba Cymcoio2o OepicasHo20 yHigepcumemy,
eys. Incmumymecora, 1, 41100 Illocmka, Yxpaina

V 1mi# craTTi ME 3aIPONIOHYBAIN HOBY KOHCTPYKIIIIO XBIJIEBOHOIO IIOJISIPU3ATOPA 3 METAJIeBO0 ILIACTHU-
uoto. [g mractura 3pobsiera y dopmi Tphox cxoauHok. [lomsgpuaarop 13 maacTuHO© OYB CIIPOEKTOBAHUN IS
pobGoru B miamasoni uacror 7.7-8.1 [T, KoskHa cxonuHKa IUTACTMHM TAKOTO IIPUCTPOIO MA€e CBOK BUCOTY Ta
toBmmHy. Jag Kpamoro yaromkeHHs HeoOXiTHO OO mepIna CXOJAWHKA BlJ KBAJIPATHOrO IOPTY Oysa Haw-
HUIKYOIO 1 HAUTOHIIO, a OCTAHHS BUCOKOI Ta TOBCTOI. JIJIst TpocToTH BUTOTOBJIEHHS 0yJI0 00paHO XBUJIEBIT
13 KBaApaTHUM IepeTuHOM. Ba3oBl eJIeKTPOMATrHITHI XapAKTEPUCTUKNA PO3POOJIEHOr0 XBUJIEBOLHOIO IIPH-
CTPOIO IIePEeTBOPEHHS MOJIAPU3alil OyJIM OITUMI30BaHI 3a JOMOMOI0K KOMEPIMHOIO IIPOorpaMHOro 3abesme-
YeHHs. Y IIporpami MOIe/II0BAHHS OYyB 3aCTOCOBAHHUMN J00pe BiAOMUM €JeKTPOSUHAMIUHUN MeTO[ KIHIIEBUX
obJtacreit y 4acToTHOI 00s1acTi. 3aIIPOIIOHOBAHUM METO/T PO3POOKH TAKOMK JO3BOJISE OITUMI3yBATH e0OMeTpPHU-
YHI PO3MIPH BCHOTO XBUJIEBOJHOIO IIOJISIPU3ATOPA HA OCHOBI MeTaJeBOl IJIACTUHU y BUIJISIAL TPHOX CXOIM-
HoK. OTprMAaHi Po3MipH MOJIAPHU3aTOpA 3 IVIACTHHAMU 3a0e3IedyBaTUMyTh ONTUMAJIbHI (PAa30Bl XapaKTepH-
CTUKU, XapaKTePUCTUKY Y3TOKEHHSI, XaPaKTEePUCTUKHU IOJISIPU3ALIil, XapAKTEPUCTUKY PO3B'SI3KHM MiK IIODP-
TaM#u TIPUCTPOI0. MeTo T J03B0oJIse OTPUMATH TaKl PO3MIPH: BHCOTY CTIHKH KBaJPATHOTO XBHJIEBOIY, BHCOTY
TPHOX PI3HUX CXOJWHOK ILJIACTHHHU, BIJICTAHB MIM¥ CXOJMHKAMH ILJIACTUHU. TaKWUM YMHOM, XBHAJIEBOJHUM II10-
JIIPU3aTOp 3 IJIACTHUHOW 3MaTHUN HIATPUMYBaTH B pobodiil cmyai yactoT 7,7-8,1 'y Taki 3HaUeHHS eeKT-
poMarHiTHUX Xaparrepuctuk. Judepeniianbunii pasosuii 3cyB Moxke 3amiHOBaTHCS B Mexkax 90+0,86°. Ma-
KCHUMaJIbHe 3Ha4YeHHs KoedilfieHTa CTIMHOI XBHJIL 38 HAIIPYTOI0 CTAaHOBUTD 1.044 11t BEPTUKAJIBHOI T TOPH-
30HTAJILHOI ToJisipuaarniyi. MakcuMasibHe 3HAYEHHS Koe(iIfieHTa eJnTHYHOCTI PO3POOJIEHOr0 IIPHUCTPOI0
crarouth 0,13 1B. MakcuMmaibHe 3HAYEHHS KPOCIOJIAPU3AIINHOI PO3B'A3KHA IIPHUCTPOI0 00POOKH MOJISPHU-
3arii cramoButh — 42 1B. Po3B'sa3ka Mixk mepmmM i JpyruM HOPTaMU TPUCTYIIIHYACTOTO IOJISIPU3ATOPA 3
nnactuHamu He nepesuinye — 39 n1B. Taxkum yuHOM, IpeACcTABIEHN TIOISPU3ATOP MOKE 3ACTOCOBYBATHCS B
CY4YaCHUX CYIIyTHUKOBHUX 1 P/TIOJIOKAIIMHUX CUCTEMAX.

Knrouosi cnora: Ilonsapusarop, Xsuuesigauit mosispusartop, llosmsipmsaTop i3 meperoponkono, Kososa

nosispusaiiia, Judepenmiitanit dasosuit scys, Koedimient emimruunocti, Kpocmosspusariiina poss'saka,
CymyTHUKOB] aHTEHHI CHCTEMHU.
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