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At the present day, antennas and signals with dual or single circular polarizations are widely used in
modern satellite telecommunication systems, television systems, satellite navigation systems, civil and
military radars, mobile communication systems, wireless identification systems and wireless data net-
works. The widespread application of signals with circular polarizations is caused by their advantages over
signals with polarization of other types. The key element of antenna systems with circular polarizations is
a polarizer. It is a microwave device, which performs the transformation of the circularly polarized elec-
tromagnetic waves into the linearly polarized waves or vice versa. The combination of a polarizer and an
orthomode transducer in the antenna feeds carries out the full conversion of two signals with orthogonal
circular polarizations and their transmission to the isolated waveguide ports. This article presents results
of the development, optimization and analysis of new designs of compact polarizers based on a square
waveguide with irises. The characteristics of polarizers with different number of irises have been optimized
for the operation in Ku-band 10.7-12.8 GHz. The electromagnetic characteristics of the waveguide polariz-
ers were simulated and optimized using finite integration technique. The evolution of sizes of optimal po-
larizer designs and improvement of their performance have been analyzed for the polarizers with 3 and 4
irises. The better characteristics among the investigated waveguide iris polarizer designs are provided by
the polarizer with 4 irises. Developed compact square waveguide polarizer with 4 irises provides highly-
efficient performance in the operating Ku-band 10.7-12.8 GHz and can be widely used in modern antenna
feeds for satellite information systems.

Keywords: Polarizer, Waveguide, Iris, Circular polarization, Differential phase shift, Axial ratio, Cross-
polar discrimination, Satellite antennas, Antenna feed.
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1. INTRODUCTION

The type of electromagnetic wave polarization has
an important influence on the features of its propaga-
tion process in the wireless link [1, 2]. The application
of signals with circular polarizations reduces the fading
effect and destructive interference of the signals caused
by the multipath propagation. The signals, which re-
flect from the Earth surface or from other objects,
change their polarization to an orthogonal one for each
reflection. Thus, the level of distorting signals with an
odd number of reflections in the receiving antenna
would be negligibly small.

Another advantage of the application of signals with
circular polarizations is the absence of need for the
accurate angular orientation between the transmitting
and receiving antennas to establish the communication
process [1-5]. The mentioned peculiarity distinguishes
circular polarization from the linear polarization, for
which high signal losses may occur due to the orienta-
tion mismatch of polarization planes of the transmit-
ting and receiving antennas.

The application of signals with circular polarization
increases the efficiency of radar systems [4]. It is quite
difficult to create absorbent materials that would not
reflect electromagnetic waves with circular polariza-
tion. Furthermore, the radars with circular polarization
are more effective for radiolocation under rainy condi-
tions, because interference noises, which are created by
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reflection of electromagnetic waves with circular polar-
ization from water drops, are lower than in the case of
reflection of waves with linear polarization [4].

All mentioned advantages explain why antennas
and signals with circular polarizations are widely ap-
plied in modern wireless, radar and satellite systems
for various purposes. Therefore, the development and
optimization of characteristics of new waveguide polar-
izers for satellite antenna feeds is an important engi-
neering problem, which is solved in this article.

2. MODERN WAVEGUIDE POLARIZERS AND
THEIR POLARIZATION CHARACTERISTICS

Polarizer is a microwave device, which performs the
transformation of electromagnetic waves with linear
polarization into circularly polarized ones or vice versa.
Consequently, the polarizer of the antenna system
determines its differential phase shift, axial ratio and
crosspolar discrimination (XPD).

One of the most frequently used types of waveguide
polarizers is a septum polarizer [6-8]. The main ad-
vantage of the septum polarizer is its compact design,
which integrates an orthomode transducer and a polar-
izer itself in a single structure. The disadvantage of a
septum polarizer, which limits its application in some
modern satellite communication systems, is the narrow
operating frequency bandwidth. In [7], it has been
demonstrated that the fractional bandwidth of a sep-
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tum polarizer can reach only 20 %, if the isolation
higher than 25 dB and XPD higher than 30 dB are
simultaneously required in the antenna feed system.

The iris polarizer [9-13] is an alternative design of
the waveguide polarizer, which provides better perfor-
mance and wider fractional bandwidth. On the one
hand, in dual-polarization antenna systems a wave-
guide iris polarizer functions only in the combination
with an orthomode transducer [9], which makes the
feed structure more complicated. On the other hand,
much better performance can be obtained in the same
operation frequency band using a waveguide iris polar-
izer compared to a septum polarizer. Better symmetry
of the structure and lower polarization distortions can
be obtained in the waveguides with axial symmetry C4
or Cw. Typical examples of waveguides with such sym-
metry are quad-ridged waveguides [14, 15], on which
coaxial and other orthomode transducers and polarizers
are based [16-20]. The main disadvantage of such
waveguides is difficulty of manufacture. Thus, the de-
sign based on a square waveguide with irises was cho-
sen to develop polarizers for satellite antenna feeds.

Electromagnetic characteristics of a polarizer are
the operation frequency band, peak level of VSWR for
both polarizations, differential phase shift, axial ratio,
isolation and/or XPD. In antenna feeds with two or-
thogonal polarizations a waveguide iris polarizer 1is
applied in a combination with an orthomode transduc-
er, which defines isolation of the whole antenna feed
system [9]. All other polarization parameters of the
feed system are determined exactly by the applied
waveguide polarizer.

Typically, a waveguide polarizer provides good
matching for electromagnetic waves of both polariza-
tions. The amplitudes of field components with orthog-
onal linear polarizations at the polarizer input and
output are equal with high accuracy. In this case, the
equality of amplitudes of the components for both po-
larizations at the input leads to their equality at the
output of a polarizer. In fact, the matching is imperfect.
Thus, to calculate the polarization characteristics of a
polarizer one must take into account not only differen-
tial phase shift, but also the difference between ampli-
tudes of electric field components with orthogonal line-
ar polarizations at the output of a polarizer.

Using a logarithmic scale, the formula for calculat-
ing the axial ratio can be expressed in dB as follows [6]:

2 2 4 4 22
r (dB) :101gA + B+ \A' + B' +24°B’ cos(2A9) a
A%+ B?—\[A"+ B' + 247 B cos(2A9)

where A, B denote the amplitudes of orthogonal linear-
ly polarized field components, Agp is the differential
phase shift between them at the output of the polarizer.
Equivalent characteristic of the polarization is XPD.
It is expressed in dB and can be calculated as follows:

XPD (dB) = 201g [’iij @)
-

where r is the axial ratio (1), which preliminary must
be converted into a linear scale.
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3. RESULTS OF OPTIMIZATION OF
WAVEGUIDE IRIS POLARIZER
CHARACTERISTICS

Finite integration technique was used to simulate
and optimize characteristics of square waveguide polar-
izers with 3 and 4 irises. The results of numerical simu-
lations are presented in this section.

3.1 Characteristics of a Polarizer with Three
Irises

Fig. 1 demonstrates the inner structure of a square
waveguide polarizer with 3 irises. Designations of all
sizes of the structure are also given in Fig. 1. Two outer
irises have the same heights hi1. They are lower than
the central iris with the height A2 for matching im-
provement. The thicknesses of all irises are equal to w
and the gaps between them are equal to Li.

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

Fig. 2 shows the dependences of VSWR of the opti-
mized polarizer with 3 irises on frequency for both
polarizations in the operating band 10.7-12.8 GHz. In
Fig. 2, it is seen that the maximum value of VSWR for
both polarizations is 2.03 and it is reached at the lowest
frequency of the operating Ku-band of 10.7 GHz.

118 122 125 128
Frequency, GHz

Fig. 2 — VSWR vs. frequency for the optimized polarizer with
3 irises: — horizontal polarization; ----- vertical polarization

Fig. 3 demonstrates the dependence of the differen-
tial phase shift of the optimized square waveguide
polarizer with 3 irises on frequency in Ku-band. As one
can see in Fig. 3, the differential phase shift is equal to
90° at frequencies of 10.76 GHz and 12.63 GHz. In the
operating Ku-band 10.7-12.8 GHz, the differential
phase shift of a square waveguide polarizer with
3 irises alters from 86° to 91.6°. The maximum devia-
tion of the differential phase shift from 90° is 4° and it
occurs at a frequency of 11.7 GHz, which is close to the
central frequency of the operating Ku-band.

Therefore, the application of 3 irises in the struc-
ture is enough to obtain the differential phase shift,
which is quite close to 90° in 18 % fractional band-
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width. In this case, the main problem is bad matching
of the waveguide polarizer with 3 irises due to a small
number of discontinuities in the structure. Consequent-
ly, to improve matching of the square waveguide polar-
izer the number of irises must be increased.

The frequency dependences of the axial ratio and
XPD of the optimized polarizer based on a square
waveguide with 3 irises in the operating Ku-band are
shown in Fig. 4 and Fig. 5, respectively.
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Fig. 3 — Differential phase shift of a polarizer with 3 irises
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Fig. 4 — Axial ratio vs. frequency for a polarizer with 3 irises
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Fig. 5 — XPD vs. frequency for a polarizer with 3 irises

In Fig. 4, it is seen that in the operating frequency
band 10.7-12.8 GHz the axial ratio of the optimized
square waveguide polarizer with 3 irises is less than
0.61 dB. As one can observe in Fig. 5, the corresponding
XPD of the polarizer is higher than 29 dB. The maxi-
mum axial ratio (as well as the lowest XPD) is observed
at a frequency of 11.7 GHz, which with high accuracy
corresponds to the frequency of the maximum deviation
of differential phase shift of the polarizer from 90°.

Consequently, in the operating frequency band 10.7-
12.8 GHz the optimized square waveguide polarizer
with 3 irises provides VSWR for both polarizations less
than 2.03. Its differential phase shift lies within the
range of angles 90°+4°. The axial ratio is less than
0.61 dB and the XPD is higher than 29 dB.
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3.2 Characteristics of a Polarizer with Four
Irises

The inner design of a square waveguide polarizer
with 4 irises and designations of all its sizes are shown
in Fig. 6. Two outer irises have the same heights h1. To
improve the matching of the structure the outer irises
are lower than two inner irises with the heights h2. The
thicknesses of all irises are equal and designated as w.

'

-

Fig. 6 — Inner design of a waveguide polarizer with 4 irises

Fig. 7 presents the dependences of VSWR for the
optimized square waveguide polarizer with 4 irises on
frequency for two fundamental modes of both linear
polarizations in the operating Ku-band 10.7-12.8 GHz.
As one can see in Fig. 7, the maximum level of VSWR
for both linear polarizations is 1.24 and it is reached at
several frequencies within the Ku-band.

VR S S
12.5 12.8

116 119 122
Frequency, GHz

07 10 113

Fig. 7— VSWR vs. frequency for the optimized polarizer with
4 irises: — horizontal polarization; ----- vertical polarization

It is seen in Fig. 7 that the dependences of VSWR
on frequency for the optimized square waveguide polar-
izer with 4 irises are not monotonic functions in con-
trast to the ones for the polarizer with 3 irises, which is
demonstrated in Fig. 2. It is caused by the fact that in
the case of the structure with 4 or more irises there
occur strong interactions between higher order modes,
which are excited at the irises.

The dependence of the differential phase shift of the
optimized square waveguide polarizer with 4 irises on
frequency is shown in Fig. 8. As one can see in Fig. 8,
the differential phase shift is equal to 90° at the fre-
quencies of 10.94 and 12.71 GHz. In the operating Ku-
band 10.7-12.8 GHz, the differential phase shift of the
polarizer with 4 irises varies from 86.5° to 92.1°. The
maximum deviation of the differential phase shift from
90° is 3.5° and it is observed at a frequency of
11.9 GHz.

The dependences of the axial ratio and XPD of the
optimized polarizer with 4 irises on frequency in the
operating Ku-band are shown in Fig. 9 and Fig. 10,
respectively.
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Fig. 8 — Differential phase shift of a polarizer with 4 irises
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Fig. 9 — Axial ratio vs. frequency for a polarizer with 4 irises
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Fig. 10 — XPD vs. frequency for the polarizer with 4 irises

In Fig. 9, one can see that in the operating Ku-band
10.7-12.8 GHz the axial ratio of the optimized square
waveguide polarizer with 4 irises is less than 0.53 dB.
In Fig. 10, it is observed that the corresponding XPD of
the polarizer is higher than 30.3 dB. Two minima of the
dependences of the axial ratio and XPD on frequency
occur at frequencies of 10.94 and 12.71 GHz, which
coincide with the frequencies corresponding to the dif-
ferential phase shift of 90°.

Therefore, in the operating Ku-band 10.7-12.8 GHz
the optimized polarizer based on a square waveguide
with 4 irises provides the following characteristics:
VSWR for the fundamental modes of both linear polari-
zations is less than 1.24, the differential phase shift lies
within the range 90°+3.5°, the axial ratio is less than
0.53 dB, the XPD is higher than 30.3 dB.

4. DISCUSSION OF OPTIMIZATION RESULTS

Table 1 presents all inner sizes of square waveguide
iris polarizer designs, which were optimized for the
operating Ku-band 10.7-12.8 GHz. As one can see in
Table 1, the increase in a number of irises leads to the
decrease in the size a of square waveguide walls, which
makes the polarizer more compact in the transverse
plane.

Table 2 presents the comparison of characteristics
of the optimized square waveguide polarizers with 3
and 4 irises in the Ku-band 10.7-12.8 GHz.
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Table 1 — Sizes of the optimized Ku-band iris polarizers
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4 |21.61| 1.77 | 299 | — | 5.86 | 4.68 | 3.44

When the larger number of irises is used in the po-
larizer design, then the differential phase shift intro-
duced by each iris becomes lower, because the full dif-
ferential phase shift at the polarizer output must be
close to 90° for each considered design. This leads to
the decrease in heights of the irises as their number
increases, which i1s seen in Table 1. Besides, the de-
crease in the iris heights improves matching of the
polarizer structure that can be observed in Table 2.

As one can see in Table 1, the thickness of irises of
the waveguide polarizers operating in the Ku-band
10.7-12.8 GHz lies within the range 2.8-3.4 mm, i.e. it
weakly depends on the number of irises.

Table 2 — Characteristics of the optimized Ku-band polarizers

Number | Maximal | Differential Axial XPD,

of irises VSWR phase shift | ratio, dB dB
3 2.03 90°+4.0° 0.61 29.0
4 1.24 90°+3.5° 0.53 30.3

It is seen in Table 2 that the square waveguide po-
larizer with 3 irises does not provide matching required
in most feed systems, because its maximum level of
VSWR is higher than 1.3. Therefore, to provide simul-
taneously good matching and excellent polarization
characteristics in the Ku-band 4 or more irises must be
used in the design of a square waveguide polarizer.

5. CONCLUSIONS

Compact waveguide iris polarizers for Ku-band sat-
ellite antenna feeds have been developed, optimized
and analyzed in the article.

It has been found that the application of 3 irises in
the structure of a waveguide polarizer is enough to
provide the differential phase shift, which is quite close
to 90° in the Ku-band. In this case, the main problem is
bad matching due to a small number of discontinuities
in the structure. The reflections from 3 irises do not
compensate each other in the whole 18 % fractional
bandwidth.

The square waveguide polarizer with 4 irises pro-
vides VSWR less than 1.24. Its differential phase shift
is 90°+3.5°. The axial ratio is less than 0.53 dB, the
XPD is higher than 30.3 dB. Consequently, the square
waveguide polarizer with 4 irises provides excellent
polarization characteristics and meets the matching
requirements of modern satellite antenna feeds.
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XBuneBoaHi mosiApu3aTopu 3 AiadparmamMu AJ19 ONPOMIHIOBAYIB CYIIyTHUKOBUX AHTEH
Ku-gianmasony

C.I. IIinprait, A.B. Bynamenko, I.B. Jlemuenko

Hauionanvruii mexuiunuii ynisepcumem Yrpainu «Kuiscokuii nonimexniunui ihcmumym
imeni Izopa Cikopcorozon, np. Ilepemoau, 37, 03056 Kuis, YVrpaina

Y Hamr yac aHTeHH Ta CUTHAJIU 3 JBOMA a00 OJHI€0 KOJIOBOI ITOJISIPHU3AITIEI0 IMMPOKO BUKOPUCTOBYIOTHCS
B CyYaCHHX CYIIyTHHKOBHX TEJIEKOMYHIKAI[IMHAX CACTEMAX, TeJIEBI3IMHMUX CHUCTeMax, CyIIyTHUKOBUX HaBIra-
IIMHAX CHCTEMAaX, [UBLIBHUX 1 BICBKOBHAX PaJioIOKATOPaX, CHCTeMAaX MOOLJIBHOTO 3B'A3KY, PAJIOTeXHIYHUX
cucremMax imeHTH(iKaLii Ta 0e3aPOTOBUX Mepeskax mepemadi ganux. [llupoke 3acTocyBaHHS CHUTHAJIB 13 KO-
JIOBOIO ITOJISIPHU3AINier0 00YMOBJIEHO IX ITlepeBaraMy HaJ[ CUTHAJIAMHY 3 1HIMUMHA BUIaMU moJistpuaarrii. Kirouo-
BHUM eJIEMEHTOM aHTeHHUX CHCTEM 3 KOJIOBOIO IOJISPHU3AIIEl0 € mosspu3atop. lle HaaBHCOKOUACTOTHMIA TIPH-
CTPil, AKUIM BUKOHYE IIEPETBOPEHHS €JIEKTPOMATHITHUX XBUJIb 13 KOJIOBOIO IIOJIAPU3AINE0 Y XBUJI 3 JIIHIHA-
HOIO IoJisipu3ariiero abo HaBnaku. CyMicHe BHKOPHCTAHHS IIOJISIPH3ATOPA T4 OPTOMOJIOBOTO IIEPETBOPIOBAYA
B OIPOMIHIOBAYAaX aHTEH 3a0e3Ieuye IOBHE IIEPETBOPEHHS JBOX CUTHAJIB 3 OPTOrOHAJIBHUMY KOJIOBUMU II0-
JIIPU3AIIAME Ta IX Iepeady 10 PO3B’SA3aHUX XBUJIEBOHUX MOPTIB. Y IIiif CTATTI IPEJICTABIEHO Pe3yIbTATH
PO3pO0KH, OIITHMI3AIlii Ta aHAJI3y HOBUX KOHCTPYKIN KOMIIAKTHUX IIOJIAPU3ATOPIB HA OCHOBI KBaJAPATHOIO
XBWJIEBOY 3 miadyparMaMu. ByJio BHKOHAHO OIITHMI3AIT0 XapaKTEePUCTUK TIOJIAPU3ATOPIB 3 PI3HO KLIBKIC-
Ti0 miapparm y Ku-miamazoni wacror 10,7-12,8 I'T'ir. MogesroBaHHsA ¥ ONTHMI3AI[io €JIEKTPOMATHITHUX Xa-
PAKTEPUCTHUK XBUJIEBOJHUX IOJIIPU3ATOPIB OyJIO 3MIMCHEHO 3a IOIIOMOr00 METO/IY CKIHUEHHOIO 1HTerpyBaH-
Hs. ByJio mpoaHasisoBaHo 3MiHYy pO3MipiB OIITMMAJIBHUX KOHCTPYKIN IIOJIAPU3ATOPIB 1 MOKPAIIEeHHS IX Xa-
PaKTEpPUCTUK JJIsA HoJsipu3aTopiB 3 3 1 4 miadgparmamu. Kpari xapaxkTepucTuky cepejn JOCTIPKEHUX KOHC-
TPYKIIIM XBUJIEBOJHUX IIOJIAPU3ATOPIB 3 miadparMaMu Mae mojsapusaTtop 3 4 miadpparmamu. Pospobienwit
KOMITAKTHHI TIOJIAPU3ATOP Ha OCHOBI KBaApPaTHOIO XBUJIEBOAY 3 4 miadparmamu sabesmnedye BUCOKOEEKTH-
BHYy pobory B Ku-miamasoni gacror 10,7-12,8 I'T'1r 1 Moske IMIUPOKO BUKOPUCTOBYBATHUCS B CyYaCHUX aHTEHAX

JUIST CYILyTHHKOBUX 1H(OPMAIITHIX CUCTEM.

Kmiouoei ciora: [Tonsspusarop, Jliadparma, Xsumesin, Jludepenmiiiamii dpasosuit acys, Koedirtient em-
TruHocTl, Kpocnonsipusariiitaa posp’siska, CynyrHurosl anreru, OmpoMiHIOBaY aHTEHU.
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