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Introduction

Recently it has become a reality to use higher frequency bands in satellite
telecommunication systems and in radioastronomy. Therefore, an urgent and
challenging problem of development of multiband feeds for large reflector an-
tennas operating at orthogonal polarizations in wide frequency ranges in every
band has been arisen. One of the successful ways to solve the problem is to uti-
lize the coaxial feeds of a novel type, videlicet the ones with the partial dielec-
tric loading [1-3], which provide, as distinguished from conventional coaxial
feeds, low level of crosspolar radiation in wide operating frequency bands. In
order to select and process radiosignals of orthogonal polarizations in such coax-
lal feeds it is necessary to design wideband coherent orthomode transducers
(OMT) based on coaxial quad-ridged waveguides. The structure and the charac-
teristics of a narrowband coaxial OMT are presented in [4, 5], wherein the high
isolation between the ports with orthogonal polarizations has been achieved in
the operation frequency range of the lower band. The reflection coefficient of
this coaxial OMT is less than —15 dB and its isolation exceeds 39 dB.

The disadvantage of the coaxial OMT developed in [4, 5] is relatively nar-
row operation frequency range (i.e. 9.4 % relative bandwidth) in the lower oper-
ation band. A different coaxial OMT has been designed in [6] in order to broad-
en the operation frequency range of the lower band. It consists of an input circu-
lar coaxial waveguide and two output rectangular waveguides. In the operation
frequency band 3.4-4.2 GHz (i.e. 21% relative bandwidth) input reflection coef-
ficient of the coaxial OMT presented in [6] is less than —20 dB, the isolation ex-
ceeds 30 dB. The disadvantage of such coaxial OMT is the impossibility to pro-
vide the coherent reception of orthogonally polarized electromagnetic waves in
the whole operation frequency range because of space diversity of output rec-
tangular waveguides. This disadvantage is absent in the OMT presented
in [4, 5], but its relative operation frequency band is more than in 2 times nar-
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rower.

In this paper a novel configuration of a wideband coherent coaxial OMT is
presented. Its input part is similar to the one presented in [4, 5], but the structure
has been optimized for the operation with minimal reflection in enhanced C-
band, namely 3.4-5.4 GHz (i.e. 45% relative bandwidth). As a result the wide-
band coaxial OMT, which provides the coherent reception of orthogonally line-
arly polarized electromagnetic waves in 3.4-5.4 GHz frequency band, has been
developed.

General Design of an Orthomode Transducer

The general view of the coherent coaxial OMT is shown in Fig. 1, and its in-
ner structure is presented in Fig. 2. This OMT is coherent, because due to the
equality of total geometrical lengths of waveguides and coaxial transmission
lines for electromagnetic waves of each polarization the differential phase shift
between them is absent. The OMT consists of elements of 3 main types, namely:

1) a turnstile junction between coaxial quad-ridged waveguide and 4 coaxial

transmission lines;

2) 2 coaxial transmission lines of LMR400 type [7] for each polarization;

3) a wideband antiphase power combiner/divider for each polarization.

coaxial transmission
line LMR400
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Fig. 1. General view of coaxial OMT. Fig. 2. The inner structure of coaxial OMT.

Electromagnetic waves TE;; of two orthogonal linear polarizations from the
input coaxial waveguide, which is depicted in Fig. 2 from the left side, pass to a
turnstile junction between coaxial quad-ridged waveguide and 4 coaxial trans-
mission lines. It separates orthogonally polarized electromagnetic waves TE;; to
opposite coaxial cables LMR400, that are joined with it by N-type connectors.
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Then electromagnetic waves pass through these 2 bended coaxial cables and join
again in a wideband antiphase power combiner/divider. The coaxial transmis-
sion lines are connected with it also by N-type connectors. In the 3.4-5.4 GHz
frequency band the attenuation of LMR400 coaxial cable is less than
0.35 dB/m [7]. Thus, the attenuation of this cable with 230 mm length, which is
used in the OMT configuration, is less than 0.08 dB.

A turnstile junction and a wideband antiphase power combiner/divider were
separately optimized using CST Microwave Studio software in order to provide
the minimal reflection of electromagnetic waves for both polarizations in the
operation frequency band 3.4-5.4 GHz. After this the final simulation of the
whole coaxial OMT has been performed in CST Design Studio software.

A Turnstile Junction Optimization

The geometrical configuration of a turnstile junction is depicted in Fig. 3. It
consists of an input coaxial waveguide, 4 identical ridges and 4 identical N-type
connectors for output coaxial transmission lines. The outer diameter of an input
coaxial waveguide is 50.0 mm, and the inner one equals 23.0 mm.

input conxial | Matching The fundamental difference of
waveguide _ TOSORAION the turnstile junction designed from
é the one developed in [4, 5] is the
presence of matching resonator in the
vicinity of the transition from coaxial
guad-ridged waveguide to 4 coaxial
. output conxal transmission lines. The resonators of
Fig. 3. The geometrical configuration ofa  Such kind are used in OMTs based
turnstile junction on quad-ridged waveguides [8, 9] in
order to obtain wideband matching in
coaxial-to-waveguide transitions. Initially the resonator was created by the shift
of ridges from the back conducting plate on 21.4 mm distance equal to the quar-
ter of wavelength for TE;; modes in coaxial waveguide at the operation frequen-
cy band center 4.4 GHz. The results of numerical optimization have shown that
the optimal length of matching resonator is 23.0 mm, i.e. the quarter of wave-
length for TE;; modes in coaxial waveguide at the frequency 4.2 GHz.

It has been shown in [10] that the maximal single-mode operation frequency
range at antiphase excitation of coaxial quad-ridged waveguide with ridges on
inner conducting cylinder is obtained at the ridges’ angle 32°. This value of an-
gle was used as the initial one for the optimization of a turnstile junction. After
the optimization it has been determined that the minimal reflection of TE,; elec-
tromagnetic waves in frequency band 3.4-5.4 GHz is obtained at the angle 35°.

The outer diameter of 4 output coaxial transmission lines is 7.0 mm, and in-
ner one equals 3.0 mm. Thus, their characteristic impedance is 50 Ohms. The
angular widths and the linear dimensions of 4 ridges have been varied during the
optimization in order to minimize the reflection coefficient for TE;; mode of
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input coaxial waveguide.
The frequency depend-
ence of minimized re-
flection coefficient (in
dB) of the turnstile junc-
tion is shown in Fig. 4,
where one can see that it

f - - - ‘ 2 is less than —28 dB in
34 3.6 3.8 4 4.2 4.4 4.6 4.8 ) 5.2 f.GHz

Fig. 4. The frequency dependence of minimized reflection the operation frequency
coefficient of a turnstile junction band 3.4-5.4 GHz.
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A Wideband Antiphase Power Combiner/Divider

The geometric configuration of the

wideband antiphase power combin-
—maenne ar/divider developed is shown in Fig. 5.
i/ On the whole the construction is similar
- to the antiphase power combin-
er/divider presented in [11]. It consists

of two coaxial probes with 50 Ohms

| .,  impedance and a rectangular waveguide
- LA oylinders — ShOrt-circuited from one side. The pair
L E é of stubs and metal cylinders at the ends
58.2 mm (WR229) of coaxial probes has been added to ob-
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tain good matching performance.
o The parametric minimization of re-
< (o) > flection coefficient has been carried out
tj in the operation frequency band 3.4-5.4
GHz. All simulations have been per-
Fig. 5. The structure of a wideband formed using the CST Microwave Stu-
ntiphase power combiner/divider dio software in Transient Solver mode.

The inner diameter of Teflon cylin-
ders is chosen to be equal to the inner wire’s diameter. The outer diameter of
these cylinders is chosen from the equality of the characteristic impedances:

y |n(7mmj: 60 |n( b j from whence it follows that
\/g 3mm \/gTeﬂon 3mm
D =3.0mm-(7/3)/*™n /% —10,0 mm, where the permittivity of air is 1 and of Tef-
lon is 2.05.
All metal surfaces were simulated as perfect electric conductors. The rectan-
gular waveguide is standard WR 229 with cross section dimensions
58.2mm x 29.1mm.
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All other dimensions were varied
in order to provide the minimal reflec-
tion coefficient of the structure.

The frequency dependence of min-
imized reflection coefficient is shown
in Fig. 6. As one can see, the reflec-
tion coefficient of an optimized anti-

phase power combiner/divider doesn't
< L _ exceed —38 dB in the whole operation
“14 36 38 4 42 44 46 45 5 sosou. frequency band 3.4-5.4 GHz.

Fig. 6. The frequency dependence Characteristics of Coaxial Ortho-
of minimized reflection coefficient
mode Transducer Developed

of an antiphase power combiner/divider
After the optimization of a turn-
stile junction and of an antiphase power combiner/divider the final simulation of
OMT characteristics has been performed using CST Design Studio software.
The frequency dependence of minimized reflection coefficient is depicted in
Fig. 7, and the one of crosspolar isolation is presented in Fig. 8. It is the same
for both linear polarizations.
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Fig. 8. The frequency dependence of crosspolar
isolation of coaxial orthomode transducer.

Fig. 7. The frequency dependence of
minimized reflection coefficient of
coaxial orthomode transducer.

As one can see in Figs. 7 and 8 the reflection coefficient of the OMT is less
than —24 dB and its crosspolar isolation exceeds 38 dB in the whole operation
frequency band 3.4-5.4 GHz. The relative operation frequency bandwidth of the
coaxial OMT developed, which equals 45%, exceeds the relative operation fre-
quency bandwidth of the OMT presented in [6] more than in 2 times and the rel-
ative operation frequency bandwidth of OMT from [4, 5] — more than in 4
times with the lower reflection coefficient.

Conclusions

The wideband coaxial OMT for the frequency band 3.4-5.4 GHz, which
provides the coherent reception of orthogonally linearly polarized electromag-
netic waves in the whole operation frequency band, has been developed.
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The coaxial OMT developed consists of elements of 3 main types, namely:

1) a turnstile junction between coaxial quad-ridged waveguide and 4 coaxial

transmission lines;

2) 2 coaxial transmission lines of LMR400 type [7] for each polarization;

3) a wideband antiphase power combiner/divider for each polarization.

A turnstile junction and an antiphase power combiner/divider were separate-
ly optimized using CST Microwave Studio software in order to provide the min-
imal reflection of electromagnetic waves for both polarizations in the coaxial
OMT. After this the final simulation of OMT characteristics has been performed
using CST Design Studio software.

The reflection coefficient of the OMT is less than —24 dB and its crosspolar
isolation exceeds 38 dB in the whole operation frequency band 3.4-5.4 GHz..
The relative operation frequency bandwidth of the coaxial OMT developed,
which equals 45%, exceeds the relative operation frequency bandwidth of the
OMT presented in [6] more than in 2 times and the relative operation frequency
bandwidth of OMT from [4, 5] — more than in 4 times with the lower reflection
coefficient.

The wideband coaxial OMT developed can be used in dual-polarized multi-
band antennas for satellite telecommunication systems and for radioastronomy.
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Iinomau C. I Koakcianonuiit opmomooosuii nepemeoprosay 011 pozuiupenozo C-
dianazony. Po3pobneno wupokocmy2o8ull Ko2epenmHull opmomo0o8ull nepemeoprosay Ha
OCHOBI KOAKCIanibHO20 Yyomupupebeprno2o xeuneeooy ons cmyeu yacmom 3,4—5,4 I'Ty. Koowcen
ejleMeHm KOHCMPYKYii Oy8 OKpemo onmumizo8anuil 3a 00nomozoio npocpamuozo nakemy CST
Microwave Studio ons 3abesneuenns miHiManbHO2O GIOOGUMMS ENEKMPOMASHIMHUX X6UJb
00ox noaapuzayiu. Ilicisa yvoeo 6y10 npogedeHo hinanbHe MOOENIOBAHHI XAPAKMEPUCTIUK
opmomo008020 nepemeoprosaya ¢ npozpami CST Design Studio. Koegiyicum eio6umms po-
3P00ONEH020 KOAKCIANIbHO20 OPMOMO008020 nepemeopiosaua ne nepesuwye —24 0b, a tiozo
Kpoc-noasapuzayiina poss’saska nepesuwyye 38 0B y ecitl pobouiii cmy3zi wacmom 3,4-5,4 I['Ty.
Po3pobnenuii wupoxocmyeosuti koeepenmHuuli KOakCiaibHUulli OpmomMo00sUull nepemeoprosay
Modice Oymu 8UKOPUCAHULL ) O8ONONAPUIAYIHUX Oazamo 0iana3oHHUX aHmeHax OJisk Cynym-
HUKOBUX MENeKOMYHIKAYIUHUX cucmeM i 0151 padioacmpoHOMIi.

Knrouoei cnosa: opmomooosuii nepemsoprogau, C-0ianazom, mupoKkocmy208i 080noapu-
3ayitHi aHmenu, KOAKCianbHi peOpucmi Xeunesoou, mypHikemue 3'€OHAHHS, NPOMU@AZHULL
CyMamop/nooiibHUK NOMYAHCHOCHI.

Hunomau C. 1. Koaxcuanvnulit opmomooossiii npeodpazosamenv 01a pacuiupeHHozo
C-ouanaszona. Pazpabomano wupoxononocHulil Ko2epeHmHblll OPmMoMO008blll npeobpa3os6a-
mesb Ha OCHOBe KOAKCUANIbHO20 YemblpexpebepHo2o 601H0800a 0Jisl noaocwl yacmom 3,4—5,4
I'Ty. Kaosxcowlii snemenm KOHCMPYKyuu Obll 0MOeibHO ONMUMUSUPOBAH NPU NOMOWU NPO-
epammnozo naxema CST Microwave Studio ors obecneuenus munumanvbHo2o ompaxcenus
INEeKMPOMASHUMHBIX 80IH 0beux noaspuzayuii. Ilocie smozo 6viio npogedeno unanrvHoe
MOOenuposanue xapaxkmepucmux opmomoooso2o npeoopazosamens 6 npoecpamme CST De-
sign Studio. Kosgpguyuenm ompadgicenus paspabomanno2o KOAKCUATIbHO20 OPMOMOO08020
npeobpaszosamens He npegviuiaem —24 0b, a e2o Kpocc-nonApUIAYUOHHAA PA3BA3KA NPEGbl-
waem 38 0B 6o eécetl paboueii nonoce yacmom 3,4-5,4 I'Ty. Paspabomanmwiii wtupoKononioc-
HbILL KO2EPEHMHbIU KOAKCUATbHBIL OPMOMOO0EbLIL npeobpazosamenb Modcem Oblmb UCNOTIb-
306aH 8 08YXNONAPUZAYUOHHBIX MHO200UANAZOHHBIX AHMEHHAX OJisl CNYMHUKOBbIX MeNeKOM-
MYHUKAYUOHHBIX CUCTeEM U OJi paOUOaAcmpOHOMUU.

Knrwoueewte cnosa: opmomoooswiii npeobpaszoeamens, C-0uanaszoH, wupoKonoiocHvie
08YXNONAPUZAYUOHHBIE AHMEHHDL, KOAKCUAIbHbIE peOpUCHmble 80IH0800bI, MYPHUKEMHOE CO-
eOuHeHue, NpoOMuBopa3Hbll CyMMamop/oerumeib MOUHOCHU.

Piltyay S. I. Enhanced C-band Coaxial Orthomode Transducer.

Introduction. In this paper a novel configuration of wideband coherent coaxial OMT is
presented.

General Design of an Orthomode Transducer. The OMT consists of elements of 3 main
types: a turnstile junction between coaxial quad-ridged waveguide and 4 coaxial transmission
lines; 4 coaxial transmission lines of LMR400 type; 2 antiphase power combiners/dividers.
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A Turnstile Junction Optimization. The optimization of a turnstile junction has been per-
formed. Its minimized reflection coefficient is less than —28 dB in the operation frequency
band 3.4-5.4 GHz.

A Wideband Antiphase Power Combiner/Divider. The optimization of an antiphase power
combiner/divider has been performed. Its minimized reflection coefficient is less than —38 dB.

Characteristics of Coaxial Orthomode Transducer Developed. The simulation of OMT
characteristics has been performed using CST Design Studio software.

Conclusions. A wideband coherent coaxial orthomode transducer has been developed for
the operation frequency band 3.4-5.4 GHz. In this frequency band the reflection coefficient of
OMT is less than —24 dB and its crosspolar isolation exceeds 38 dB. The wideband coaxial
OMT developed can be used in dual-polarized multiband antennas for satellite telecommuni-
cations and for radioastronomy.

Keywords: orthomode transducer, C-band, wideband dual-polarized antennas, coaxial
ridged waveguides, turnstile junction, antiphase power combiner/divider.
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