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Nowadays, one of the progressive and effective directions of modern wireless telecommunication tech-
nologies is the creation of antenna systems with adaptive processing of signal polarization. Such antenna
systems provide the required characteristics of telecommunication systems for various purposes under the
conditions of high noises for one of polarizations and influence of interferences caused by multipath propa-
gation. The key elements of dual-polarization antenna systems are the devices of polarization transfor-
mation and separation. These devices are widely used in systems for electronic protection of aircrafts, ra-
dar systems for metrological purposes, systems for estimation of the state of crops and soil erosion, systems
for the recognition and tracking of aircrafts, satellite information systems.

This article presents the results of numerical analysis of polarization and matching characteristics of a
polarizer based on a square waveguide with three irises. The mathematical model of a polarizer is based on
the wave matrix technique. Using this technique, the characteristics of the developed polarizer were de-
termined and optimized in the operating X-band 7.25-7.75 GHz, which is used in downlink satellite com-
munication systems. The presented technique allows to study the evolution of the characteristics of polar-
izers with different dimensions, such as the heights of the irises and the distances between them. The re-
sults of this analysis were used to estimate the initial quasi-optimal dimensions of the polarizer to achieve
simultaneously the specified matching and small deviations of the differential phase shift from 90° in the
whole operating frequency band. The initial dimensions were used for further optimization of the polarizer
design by the finite integration technique. Obtained numerically electromagnetic characteristics of the op-
timized waveguide iris polarizer showed satisfactory agreement with the same characteristics obtained us-
ing the developed analytical technique in the whole operating X-band 7.25-7.75 GHz.

Keywords: Microwave devices, Radars, Waveguide polarizer, Iris polarizer, Circular polarization, Differen-
tial phase shift, Axial ratio, Crosspolar discrimination.
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1. INTRODUCTION

Polarization adaptive antennas are an important
part of modern satellite telecommunication systems.
The key elements of such systems are microwave devic-
es for polarization transformation and separation of
signals with orthogonal polarizations to isolated wave-
guide channels. The separation or combination of sig-
nals with orthogonal linear polarizations in waveguide
feed systems is performed by orthomode transducers
[1-3]. The polarization type transformation in antenna
systems is usually carried out using waveguide polariz-
ers [4-8]. They convert fundamental electromagnetic
modes with orthogonal linear polarizations into wave-
guide modes with circular polarization and vice versa.
The combination of an orthomode transducer and a
waveguide polarizer is applied in wideband and ul-
trawideband antenna systems [5].

The polarization of an electromagnetic wave is de-
termined by the orientation of the electric field vector
in the plane, which is orthogonal to the wave propaga-
tion direction [9, 10]. The linear polarization of elec-
tromagnetic waves can be of vertical, horizontal and
inclined type. Other types of polarization are elliptical
and circular. Signals, which are transmitted by the
electromagnetic waves with circular polarization, have
a number of advantages. This leads to their widespread

PACS numbers: 84.40.Az, 84.40.Ua

utilization in modern wireless and satellite information
systems, as well as in radars for various applications.

The main advantage of signals with circular polari-
zation is the reduction of their magnitude attenuation
due to interferences caused by multipath propagation
in the real medium [9, 10]. Another advantage is that
circularly polarized signals are insensitive to the influ-
ence of rotation of the plane of polarization due to the
Faraday effect [9, 10]. In addition, when using signals
with circular polarization, there is a lack of necessary
angular orientation to establish communication between
the transmitting and receiving antenna systems [9, 10].

Orthomode transducers and waveguide sections of
differential phase shift are necessary elements of dual-
polarization antenna systems. Much research is dedi-
cated to the development of these microwave devices [1-
8, 11-18]. However, mentioned polarization processing
microwave devices do not always meet the require-
ments of providing wide operating frequency bands in
terms of the quality of matching or of the degree of
decoupling and isolation of waveguide channels with
orthogonal polarizations.

Waveguide septum polarizers [11, 12] and the ones
based on irises [4-7] or corrugated waveguides [8] have
become the most widespread in modern antenna sys-
tems. This is explained by the inherent advantages of
mentioned designs. They have small transverse dimen-
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sions and mass, small losses, and provide good manu-
facturability. Polarizers are developed based on circular
[7], coaxial [4] and square waveguides [5, 6, 8]. If we
apply rigorous techniques to solve the electromagnetic
problem, the analysis of devices based on ridged struc-
tures and irises is quite complicated [19]. Therefore, a
simpler wave matrix technique from the previous part
of the article [20] was used to calculate the characteris-
tics of a microwave waveguide iris polarizer.

In this research, we apply the developed technique
to analyze a polarizer based on a square waveguide
with irises in order to improve its electromagnetic
characteristics and to create an optimal design for the
operating X-band 7.25-7.75 GHz.

2. ANALYSIS OF PERFORMANCE OF A
SQUARE WAVEGUIDE POLARIZER WITH
THREE IRISES

The internal structure of a square waveguide polar-
izer with three thin irises is presented in Fig. 1. The
transverse sizes of the waveguide wall are identical.
They are designated as a. The distances between irises
are denoted by I, h1 stands for the heights of lower
outer irises, h2 is the height of the central iris of the
waveguide polarizer.

I
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.

Fig. 1 — The structure of a waveguide polarizer with 3 irises

Using the wave matrix technique, we will analyze
and optimize the matching and polarization perfor-
mance of the square waveguide polarizer with three
irises. The main electromagnetic characteristics of the
waveguide polarizer for receiving antenna systems are
voltage standing wave ratio (VSWR), differential phase
shift, axial ratio and crosspolar discrimination (XPD).

The waveguide polarizer must simultaneously pro-
vide the propagation of fundamental modes TEi0 and
TEo1 and the cutoff of TE20 and TEo2 modes. Since the
polarizer is developed for the operating frequency band
7.25-7.75 GHz, then the transverse wall size of the
square waveguide can be determined using the cutoff
frequencies of the mentioned magnetic modes. Conse-
quently, the size a varies from 20.7 to 41.4 mm. The
initial value of the size a can be approximately chosen
as the average value of this range increased by 5-10 %
(32.6-34.2 mm). Therefore, we chose a=33 mm. The
center frequency of the operating X-band is
fo=17.5 GHz. At this frequency, the wavelength A of
the fundamental TE10 and TEo1 modes in the square
waveguide is equal to 50.3 mm. Then the initial dis-
tance between the irises can be approximately estimat-
ed as the quarter wavelength in the square waveguide
l=A¢/4=12.6 mm.
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As a result, according to the method described in
the theoretical part of the article, the initial dimensions
of the waveguide polarizer with three irises were de-
termined: the size of the transverse wall of the square
waveguide a =33 mm, the heights of the irises
h1=38.2mm, hez=6.4 mm, and the distances between
them /= 12.6 mm.

Next, we demonstrate how the optimal values of all
sizes were chosen and investigate how the changes in
the heights of the irises and the distances between
them affect the matching and polarization characteris-
tics of the polarizer.

In order to achieve a differential phase shift close to
the required 90° it is necessary to carry out the varia-
tion of the heights of all diaphragms A1, A2 while main-
taining a fixed ratio & between these values. Namely,
he = k-h1, where ratio k varies from 1.5 to 2.0. To provide
good matching of the structure it is necessary to reduce
the initial distance between the irises [ = A¢/4 = 12.6 mm
to the optimal value, which is typically less than the
quarter wavelength in the square waveguide of the iris
polarizer [4, 5]. For the operating X-band 7.25-7.75 GHz
we obtained optimal distance / = 10.8 mm.

Fig. 2 presents the differential phase shift between
the modes with vertical and horizontal polarizations in
the operating frequency band 7.25-7.75 GHz.
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Fig. 2 — Differential phase shift of the waveguide iris polarizer

In Fig. 2, we see that with decreasing distance be-
tween irises from 12.6 to 10.8 mm, the differential
phase shift moves slightly away from the required 90°
and varies from 86.8 to 87.5°. The maximum deviation
of the differential phase shift from 90° is 3.2° and it
occurs at a frequency of 7.42 GHz, which is close to the
center frequency of the operating satellite X-band.

Fig. 3 shows dependences of VSWRs of the polarizer
on the frequency for vertical and horizontal polariza-
tions in the operating frequency range 7.25-7.75 GHz.

In Fig. 3, we observe that with decreasing distance
between irises from 12.6 to 10.8 mm, the matching of
the waveguide polarizer’s structure sufficiently im-
proves. For optimal configuration, the VSWR of the
fundamental mode TEo1 with horizontal polarization
has a peak level of 1.67 at a frequency of 7.25 GHz.
Maximum VSWRs for vertical polarization occur at a
frequency of 7.75 GHz. The peak level of VSWRs for
vertical polarization decreases from 2.08 to 1.65 for the
initial and optimal sizes, respectively.

Fig. 4 demonstrates the axial ratio of the iris polar-
izer in the operating frequency range 7.25-7.75 GHz.
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Fig. 3 — Dependences of VSWR of the polarizer on frequency:
horizontal polarization; — — — vertical polarization
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Fig. 4 — Axial ratio vs. frequency for the iris polarizer

In Fig. 4, we see that the decrement of the distances
between irises from 12.6 to 10.8 mm leads to a decrease
in the axial ratio’s peak level from 0.52 to 0.48 dB. This
improvement occurs despite the greater differential
phase shift deviation from the required 90°. The ob-
served interesting effect can be explained by the fact
that the polarization characteristics (namely, axial
ratio and crosspolar discrimination) depend simultane-
ously on phases and magnitudes of the fundamental
modes with both orthogonal linear polarizations [20].

Fig. 5 shows the crosspolar discrimination (XPD) of
the polarizer in the operating X-band 7.25-7.75 GHz.
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Fig. 5 — XPD vs. frequency for the waveguide iris polarizer

In Fig. 5, it is seen that in the operating frequency
band the decrement of distances between irises from
12.6 to 10.8 mm results in the improvement of the XPD
from 30.5 to 31.0 dB.

JJ. NANO- ELECTRON. PHYS. 13, 05023 (2021)

Therefore, the developed in [20] wave matrix tech-
nique allows to obtain theoretically the frequency char-
acteristics of waveguide iris polarizers and optimize
them for the specified frequency band in order to im-
prove matching and polarization performance of the
design.

Obtained theoretically optimal transverse sizes of
the square waveguide a =33 mm, the optimal heights
of irises hi1=4.51mm, h2=6.95 mm, the distances
between irises /= 10.8 mm. The combination of these
optimal sizes provides effective performance of the
waveguide iris polarizer in the operating X-band 7.25-
7.75 GHz. Optimized VSWRs for both polarizations are
less than 1.67. The differential phase shift lies within
the range 90° + 3.2°. The axial ratio is less than 0.4 dB.
The corresponding XPD is higher than 31 dB.

Table 1 contains the values of the main electromag-
netic characteristics of the developed waveguide polar-
izer for optimal sizes and in the case of simultaneous
variation of all geometrical parameters within certain
limits.

Table 1 — Characteristics of the X-band waveguide iris polar-
izer at simultaneous variation of all dimensions

All sizes Maximum |Differential| Axial |XPD,
variation, % VSWR phase shift |ratio, dB| dB
0 1.67 90° + 3.2° 0.49 31.0

1 2.10 90° + 3.0° 0.55 30.0

2 2.15 90° + 3.0° 0.58 29.6

3 2.20 90° + 3.0° 0.60 29.3

Presented in Table 1 results allow us to conclude
how the simultaneous change of the parameters of the
polarizer within 1, 2 or 3 % influences its characteris-
tics. From Table 1, we see that the variation of all geo-
metrical parameters by 1-3 % practically does not in-
fluence the differential phase shift. Its deviation from
90° remains equal to 3°. In the case of 1 % variation of
all sizes, the axial ratio deteriorates to the value of
0.55 dB and the lowest level of XPD decreases to
30.0 dB. The greatest deterioration is observed for the
VSWR, whose peak level increases to 2.10. Therefore,
the deviation of all dimensions by more than 1 % is
undesirable.

3. RESULTS OF NUMERICAL OPTIMIZATION
OF THE WAVEGUIDE IRIS POLARIZER
PERFORMANCE

Further accurate simulation of the waveguide iris
polarizer performance and optimization of its charac-
teristics were performed using the finite integration
technique. The same design of a polarizer based on 3
irises in a square waveguide was considered. The re-
sults of numerical simulations are given in this section.

The dimensions, which were obtained by parametric
optimization of the waveguide polarizer, are as follows:
a=33.2mm, h1 =4.2 mm, h2 = 6.8 mm, /= 11.3 mm.

Fig. 6 presents the dependences of VSWRs of the
optimized polarizer with three irises on the frequency
for both polarizations in the operating X-band 7.25-
7.75 GHz. In Fig. 6, it is seen that the maximum value
of VSWR for both polarizations is 1.66 and it occurs at
the lowest frequency of the operating X-band 7.25 GHz.
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At higher frequencies, the VSWR of the fundamen-
tal mode TEo1 with horizontal polarization decreases,
whereas the VSWR of the fundamental mode TE1o with
vertical polarization increases. Besides, the maximum
of VSWR for the fundamental mode TEo: with horizon-
tal polarization is observed at a frequency correspond-
ing to the minimum of VSWR of the fundamental mode
TE1o0 of vertical polarization, and vice versa.

VSWR

745 750 755 760 7.65 7.70 7.75

Frequency, GHz

1.25+4 . i i
725 730 7.35 7.40

Fig. 6 — VSWR vs. frequency for the optimized iris polarizer:
horizontal polarization; — — — vertical polarization

Fig. 7 demonstrates the dependence of the differen-
tial phase shift of the optimized square waveguide
polarizer with three irises on the frequency in X-band.
As one can see in Fig. 7, the differential phase shift is
equal to 90° at a frequency of 7.67 GHz. In the operat-
ing X-band 7.25-7.75 GHz, the differential phase shift
of the square waveguide polarizer with three irises
alters from 88.6 to 90.6°. The maximum deviation of
the differential phase shift from 90° is 1.4° and it oc-
curs at a frequency of 7.32 GHz, which is close to the
minimum frequency of the operating satellite X-band.

91.0
90.5

Lo 70 J0 B SRS

Differential phase shift, deg.

725 730 735 740 745 750 755 760 765 770 775
Frequency, GHz

Fig. 7 — Differential phase shift of the polarizer with 3 irises

Therefore, the application of three irises in the
structure of a square waveguide polarizer is enough to
obtain the differential phase shift, which is quite close
to 90° in the 7 % fractional bandwidth. In this case, the
main problem is bad matching of the waveguide polar-
izer with three irises due to a small number of discon-
tinuities in the structure. The occurring reflections
from three irises do not compensate each other in the
whole 7 % fractional bandwidth. Consequently, in order
to improve matching of the square waveguide polarizer,
the number of irises must be increased.

The frequency dependences of the axial ratio and
XPD of the optimized numerically polarizer based on a
square waveguide with three irises in the operating X-
band 7.25-7.75 GHz are demonstrated in Fig. 8 and
Fig. 9, respectively.

In Fig. 8, it is seen that in the operating frequency
band 7.25-7.75 GHz, the axial ratio of the optimized
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numerically square waveguide polarizer with three
irises is less than 0.30 dB. As one can observe in Fig. 9,
the corresponding XPD of the optimized waveguide iris
polarizer is higher than 35 dB. The maximum of the
axial ratio (as well as the lowest XPD) is observed at a
frequency of 7.25 GHz, which with high accuracy corre-
sponds to the frequency of the maximum deviation of
the differential phase shift of the polarizer from 90°.

0.30%
0.25 |
0.20 ¢

0.15 1

Axial ratio, dB

0.10 ¢

0.05 ===
725 730 735 740 7.45 750 755 760 765 770 7.75
Frequency, GHz

Fig. 8 — Axial ratio vs. frequency of the polarizer with 3 irises

48 | ! H : : ! ! i ! ! |
725 730 735 740 745 750 755 760 7.65 770 7.75
Frequency, GHz

Fig. 9 — XPD vs. frequency of the optimized iris polarizer

Besides, there occurs one prominent minimum of
the dependences of the axial ratio and XPD at a fre-
quency of 7.64 GHz, which does not exactly correspond
to a differential phase shift of 90°. The difference in
these frequencies is caused by a significant distinction
in the frequency characteristics of the VSWR of the
waveguide polarizer with three irises for the funda-
mental modes with horizontal and vertical polariza-
tions, as well as by high levels of VSWR within the
operating X-band.

Consequently, in the operating frequency band 7.25-
7.75 GHz, the optimized square waveguide polarizer
with three irises provides VSWRs for both polarizations
less than 1.66. The differential phase shift lies within
the range of 90°+ 1.6°. The axial ratio is less than
0.30 dB, the corresponding XPD is higher than 35 dB.

4. CONCLUSIONS

In this research, the wave matrix technique was ef-
fectively applied for the development, theoretical anal-
ysis and optimization of a square waveguide iris polar-
izer for the operating X-band. The analysis of influence
of the geometrical parameters on the electromagnetic
performance of the polarizer has been carried out.

Suggested theoretical method allows to simultane-
ously achieve the best values of VSWR for both polari-
zations, of axial ratio and XPD by changing the geo-
metrical dimensions of irises and the distances between
them. The obtained differential phase shift is close to
the required value of 90°. It has been found that the
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deviation of all dimensions by more than 1 % is unde-
sirable if good matching and polarization characteris-
tics of the waveguide iris polarizer are required simul-
taneously.

Additional numerical optimization of the waveguide
iris polarizer characteristics was performed using the
finite integration technique. The dimensions and elec-
tromagnetic characteristics of the waveguide iris polar-
izer, which were obtained by both techniques, are in
good agreement. The results of both techniques have
slight differences caused by not taking into account the
higher-order waveguide modes and the irises thickness
by the developed wave matrix technique.
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Meron XxBUIBOBHUX MAaTPHUILh IJIS MOJEIIOBAHHA MOJIAPU3ATOPIB i3 niadpparmammu.
YucenspHi peayasTaTu

A.B. Bynamenxko, C.I. [Tineraiz, I.B. lemuenko

Hauionanvruii mexniunuti ynigepcumem Yrpainu «Kuiscokuil nonimexniuHul incmumym
imeni Ieopsa Cikopcorozon, np. Ilepemoeu, 37, 03056 Kuis, Yrpaina

ChOroHI OJHUM 3 MEPCIIEKTUBHUX Ta e(DEKTUBHUX HANPIMKIB CyYaCHUX TEJICKOMYHIKAI[IAHUX TEXHOJIO-
Tl € CTBOPEHHA aHTEHHHUX CHCTEM i3 aJalTUBHUM OOPOOIEHHSIM IOJIAPHU3allii curHaiis. Taki aHTeHH] cuc-
TeMHu 3a0e3IeUyTh HeoOX1THI XapaKTepPUCTUKYN TeJIeKOMYHIKAIIIMHUX CHCTEM PI3ZHOTO IIPU3HAYECHHS B yMO-
BaxX BHCOKOTO PIBHA IIYMIB [JiA OOHIEl 3 MOJIAPHU3AIliil TAa BILUIMBY 3aBal, 00YMOBJIEHHX 0araTOIIPOMEHEBUM
momupeHHAM. KIII0UoBUM eJ1eMeHTOM JBOIOJISIPU3AIIIAHNX aHTEHHUX CUCTEM € IIPUCTPOL IIePeTBOPEHHS Ta
poamiieHHs mosapusanii. Taxi mpucTpol MIMPOKO BUKOPUCTOBYIOTHCA B CHCTEMAX PaIioeIeKTPOHHOIO 3aXH-
CTy JITAJIbHUX AlapaTiB, PaJioJIOKAIIIMHIX CHCTEeMaX METPOJIOTIYHOT0 IPU3HAYEHHS, CHCTeMAaX OLIHKN CTa-
HY IIOCIBIB ClIIBCHKOTOCIIOAPCHRNX KYJIBTYP Ta epo3ii IPYHTIB, CUCTEMAX PO3III3HABAHHS Ta CYIIPOBOJY JIiTa-
JIBHUX aIrlapariB, CYIIlyTHUKOBUX 1H(MOPMAIINHIX CUCTEMAX.

B crarTti mpencraBieHo pe3ysbTaTH YHMCEJBHOTO AHAI3Y MOJIAPU3AIIMHUX XapPAKTEPHUCTUK Ta yaro-
JIPKEHHs [IOJISIPU3aTopa Ha OCHOBI KBAJIPATHOTO XBHJIEBOJY 13 TphoMa miadparmamu. MaremaTudHy MoIes1b
MOJIIPU3ATOPA OTPUMAHO 34 JIOTIOMOI0I0 METOY XBUJIbOBUX MATPHILh. 3a JOIIOMOI0I0 IIHOTO METO/y 0yJIO BH-
3HAYEHO XaPAKTEPUCTUKU PO3POOJIEHOr0 IMOJISIPU3ATOPA TA BUKOHAHO OITHUMI3AIN0 MOr0 XapaKTepUCTUK Yy
pobouomy X-miamasowi uacror 7,25-7,75 I'T', Axuil 3aCTOCOBYIOTH y PAiOHIAX 3B’A3KY CYIyTHHKOBUX KO-
MyHIKaIifHux cucreM. [IpescraBieHnit MeTOL 103BOJIsE JOCIIIUTH €BOIIOII0 XaPAKTEPUCTHUK IIOJIIPU3ATO-
pa mpH 3MiHI H0ro po3MipiB, TAKUX SK BUCOTH Jiadparm Ta BincraHl Mixk HuMU. PesysipraTi mporo aHasisy
0yJI0 BUKOPHCTAHO [JIs OI[IHKM IOYATKOBUX KBA31-ONTHUMAJBHUX PO3MIPIB IIOJIAPU3ATOPA 3 METOI0 OLHOUAC-
HOTO 3a0€e3IeUeHHs 3aJaHOr0 Y3roIKeHH Ta MAJIOro BIOXWIeHHA TudepeHIiitaoro ¢gpasosoro acyBy Big 90°
y BcboMy pobodomy miamasoni yactor. IlouaTkoBi po3mipu 0yJi0 BUKOPHMCTAHO JIJIS IOAAJIBINOI OIITHMI3aIlil
KOHCTPYKIIII MOJIAPU3aTOpa 3a JOIIOMOT00 METOy CKIHYEeHHOro inTerpyBanus. OTpuMaH] YHCEJIbHUM METO-
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A.V. BULASHENKO, S.I. PIiLTYAY, I.V. DEMCHENKO JJ. NANO- ELECTRON. PHYS. 13, 05023 (2021)

JIOM eJIEKTPOMATHITHI XapaKTePUCTUKH OIITHMI30BAHOI0 XBUJIEBOIHOIO IOJIIpHU3aTopa 13 miadparMaMu mpo-
JIEMOHCTPYBAJIN 3aJI0BLIIbHE Y3TOMKEHHS 3 TUMHU % XapaKTePUCTUKAMU, OTPUMAHUMHU 34 JIOTIOMOI'0K PO3pOo-
0JIEHOT0 aHAJITHYHOTO METOIy B yChoMy pobodomy X-miamasoui yacror 7,25-7,75 I'T'.

Kmouosi ciioa: Mikpoxsuinosi mpucrpoi, Pamapu, XsuieBomauii mosisipusaTtop, [lossipusaTop 13 miadpa-

rmamu, KostoBa mossipusaris, Jludepenmiitauit dasosuit acys, Koeditient eminruunocri, Kpocmossipuaa-
I[IHA PO3B’A3Ka.
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