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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, viz the ones with the partial dielectric
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 coaxial feeds
it is necessary to design wideband coherent orthomode transducers (OMT) based
on coaxial quad-ridged waveguides. The structure and the characteristics of a
narrowband coaxial OMT are presented in [4, 5], wherein the high isolation be-
tween the ports with orthogonal polarizations has been achieved in the operation
frequency range of the lower band. The reflection coefficient of that coaxial
OMT is less than —15 dB and its isolation exceeds 39 dB.

The disadvantage of the coaxial OMT developed in [4, 5] is the narrow 9.4%
operation frequency range in the lower operation band. Another coaxial OMT
has been designed in [6] in order to broaden the operation frequency range of the
lower band. It consists of an input circular coaxial waveguide and two output
rectangular waveguides. In the operation frequency band 3.4-4.2 GHz (21%
bandwidth) input reflection coefficient of the coaxial OMT presented in [6] is
less than —20 dB, the isolation exceeds 30 dB. The disadvantage of such coaxial
OMT s the impossibility to provide the coherent reception of orthogonally po-
larized electromagnetic waves in the whole operation frequency range because
of space diversity of output rectangular waveguides. This disadvantage has been
overcome in the coherent OMT [4, 5], but its operation frequency band is 2
times narrower.

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 (45% bandwidth). As a result the wideband coaxial
OMT, which provides the coherent reception of orthogonally polarized electro-
magnetic waves in 3.4-5.4 GHz frequency band, has been developed.
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Design of the Orthomode Transducer

The general design of the coherent coaxial OMT proposed is shown in Fig.
1, and its inner structure is presented in Fig. 2. This OMT is coherent, because
due to the equality of total geometrical lengths of waveguides for electromagnet-
ic waves of each polarization the differential phase shift between them vanishes.
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) 4 right-angle coaxial junctions placed in metal locating blocks for each
polarization;

3) an antiphase power combiner/divider for each polarization.
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Fig. 1. General design of the Fig. 2. Inner structure of the coaxial OMT
coaxial OMT

Electromagnetic waves of two orthogonal linear polarizations from the input
coaxial waveguide, which is depicted in Fig. 2 on the left side, pass to a turnstile
junction between coaxial quad-ridged waveguide and 4 coaxial transmission
lines. This turnstile junction separates the orthogonally polarized signals to op-
posite coaxial transmission lines for each polarization. After this the electro-
magnetic waves pass 2 right-angle coaxial junctions placed in metal locating
blocks and join again in an antiphase power combiner/divider.

Each structural element was separately optimized using CST Microwave
Studio software to provide low reflection of electromagnetic waves for both po-
larizations in the coaxial OMT. After this the final optimization has been per-
formed varying the lengths and the heights of locating blocks and matching
stubs.
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The Turnstile Junction Optimization
The geometrical configuration of the turnstile junction is depicted in Fig. 3.
It consists of an input coaxial waveguide, 4 identical ridges and 4 identical out-
put coaxial transmission lines.

) input coaxial  matching Let us suppose that two TEg;
4nioges waveguide resonator~_ff  electromagnetic waves of orthogonal
=\ N __—~>~ | linear polarizations (one is vertical,

% H \ the other one is horizontal) propagate
\ =7\ | frc_)m an input. coaxial waveguide

coaxial output ~ Joined to a coaxial horn antenna. All

—  transmission lines il characteristics of the OMT will be

Fig. 3. The geometrical configuration ofa  CONsidered at the propagation of one
turnstile junction of these waves. The fundamental dif-

ference of the turnstile junction de-
signed from the one developed in [4, 5] is the presence of matching resonator in
the vicinity of the transition from coaxial quad-ridged waveguide to 4 coaxial
transmission lines. The resonators of such kind are used in OMTs based on
quad-ridged waveguides [7, 8] in order to obtain wideband matching in coaxial-
to-waveguide transitions. Initially the resonator was created by the shift of
ridges from the short-circuiting plate on 21.4 mm distance equal to the quarter of
wavelength for TE;; modes in the coaxial waveguide at the operation frequency
band center 4.4 GHz. The results of numerical optimization have shown that the
optimal length of matching resonator is slightly larger.
DY S | I The outer diameter of 4
NNy N output coaxial transmission
lines is 7.0 mm, and inner one
equals 3.0 mm. Thus, their
wave impedance is 50 Ohms.
The angular widths and the
linear dimensions of 4 ridges
P have been varied during the
34 36 38 4 42 44 46 48 5 52 £GHz Qptimization in order to mini-
Fig. 4. Frequency dependence of the minimized mize the reflection coefficient

reflection coefficient of the turnstile junction for TE;; mode of input coaxial
waveguide. The frequency de-

pendence of the minimized reflection coefficient (in dB) of the turnstile junction
is shown in Fig. 4, where one can see that it is less than =28 dB in the whole op-
eration frequency band 3.4-5.4 GHz.

The Optimized Right-Angle Coaxial Junction

A right-angle coaxial junction has been designed to change the propagation
direction in coaxial transmission lines operating at the fundamental TEM mode.
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Structure of the right-angle coaxial junction is shown in Fig. 5. It consists of a
junction of two air coaxial transmission lines and two Teflon cylinders for
matching. These air coaxial transmission

L_h M lines have outer diameter equal 7.0 mm and
4 the inner wire with diameter 3.0 mm. Their
% ] common central conductor is bended at 90°.
B \ 57 The inner diameter of Teflon cylinders is
g \ chosen to be equal to the inner wire’s diame-
—— teflon : - i
; ter. The outer diameter of these cylinders is
N cylinders chosen from the equality of the wave imped-
ances:
Fig. 5. The structure of_a right-angle ,_ 60 In[7 mmjz 60 In( D )
coaxial junction Jear \3mm) ferepon  \3Mm

from whence it follows that D=3.0 mm-(7/3)“”"““°”/ga" =10.0 mm, where the per-

mittivity of air is 1 and of Teflon is 2.05.
I | The dimensions L
5 e N S ¥ii and h (see Fig. 5) were
-461 ; . - WA X .
| | e o 1 - varied during the par-
o I T W M,«,dB """ 7] ametric - minimization
A Dol W W W W B A on the reflection coef-
ficient of the right-
SN A T - - angle coaxial junction.
34 36 3. 42 44 46 4s s s2 some Theoptimal values are
L =433 mmandh =
=8.45 mm. The corre-
sponding  frequency
dependence of reflection coefficient (in dB) is shown in Fig. 6, where one can
see that it is less than —42 dB in the operation frequency band 3.4-5.4 GHz.
The Antiphase Power Combiner/Divider

= = The geometric configuration of the
i wideband antiphase power combin-
Li er/divider developed is shown in Fig. 7.

Fig. 6. The frequency dependence of minimized reflection
coefficient of a right-angle coaxial junction

On the whole the construction is similar to
the antiphase power combiner/divider pre-

29.1 mm
[T
I
0
i
{
i

T s82mm T sented in [9]. It consists of two coaxial
7 matching stubs probes with 50 Ohms impedance and a
/\> rectangular_ wavegu!de short-circuited
\/ from one side. The pair of stubs and metal
cylinders at the ends of coaxial probes has

Fig. 7. The structure of an antiphase ~ been added to obtain good matching per-
power combiner/divider formance.
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The parametric minimization of reflection coefficient has been carried out in
the operation frequency band 3.4-5.4

GHz. All simulations have been performed using the CST Microwave Studio
software in Transient Solv-
er mode. The inner and
outer diameters of coaxial
probes are 3.0 mm and
10.0 mm respectively. The
dielectric in coaxial probes
and transmission lines is
Teflon. It was simulated as
P I T O O O a lossless isotropic material
34 36 38 4 42 44 46 48 5 52 fGHz \with relative perm|tt|v|ty
Fig. 8. The frequency dependence of minimized reflection  &=2.05. All metal surfaces

coefficient of an antiphase power combiner/divider were simulated as perfect

conductors. The rectangu-

lar waveguide is standard WR 229 with cross section dimensions  58.2 mm X
29.1 mm. All other dimensions were varied in order to provide the minimal re-
flection coefficient of the structure.

The frequency dependence of minimized reflection coefficient is shown in
Fig. 8. As one can see, the reflection coefficient doesn't exceed —38 dB in the
whole operation frequency band 3.4-5.4 GHz.

Optimization of the Coaxial Orthomode Transducer

After the optimization of each construction’s element of the coaxial OMT
the final optimization has been performed varying the lengths and the heights of
locating blocks, matching stubs and the location of matching stubs inside anti-
phase power combiner/divider. The frequency dependence of minimized reflec-
tion coefficient is depicted
in Fig. 9. It is the same for
both linear polarizations.
The reflection coefficient of
the OMT is less than —27
dB in the whole operation
frequency band 3.4-54
GHz. The relative operation
frequency bandwidth of the
PP I coaxial OMT developed,
34 36 38 4 42 44 46 48 5 52 f.GHz Wthh equa|s 45%’ exceeds

Fig. 9. The frequency dependence of minimized the relative operation fre-

reflection coefficient of coaxial orthomode transducer ~ quency bandwidth of the
OMT presented in [6] more
than 2 times and the relative operation frequency bandwidth of OMT from
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-46
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[4, 5] — more than 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.

The coaxial OMT consists of elements of 3 main types, namely:

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

2) 4 right-angle coaxial junctions placed in metal locating blocks for each
polarization;

3) an antiphase power combiner/divider for each polarization.

Each structural element was separately optimized using CST Microwave
Studio software in order to provide low reflection of electromagnetic waves for
both polarizations in the coaxial OMT. After this the final optimization has been
performed varying the lengths and the heights of locating blocks, matching stubs
and the location of matching stubs.

The reflection coefficient of the coaxial OMT developed is less than —27 dB
in the whole operation frequency band 3.4-5.4 GHz. The relative operation fre-
guency bandwidth of the coaxial OMT developed, which equals 45%, exceeds
the relative operation frequency bandwidth of the OMT presented in [6] more
than 2 times and the relative operation frequency bandwidth of coherent OMT
[4, 5] — more than 4 times with the lower reflection coefficient.

The wideband coaxial OMT developed can be used in satellite communication
systems, radiotelescopes and other dual-polarized multiband radioengineering
systems.
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Iinomau C. I Koakcianonuiit opmomooosuii nepemeoprosay 01sa pozuiupenozo C-
dianazony. Po3pobneno wupokocmy2o8ull Ko2epeHmHull OpmomMo008uUll nepemeoprosay Ha
OCHOBI KOAKCIanibHO20 Yyomupupebeprno2o xeuneeooy ons cmyeu yacmom 3,4—5,4 I'Ty. Koowcen
efiemMenm KOHCmpYKyii 0y okpemo onmumizoeanuil 3a 00nomozoro npoepamnozo nakemy CST
Microwave Studio ona 3a6e3neuenHs HU3LKO20 i0OUMMS eNeKMPOMALHIMHUX X6UTb 000X
noaapuzayiu. Ilicns yvoeo 6ynra nposedena (inanvHa onmumizayis npu 3mMiHi 008HCUH | U-
com  JNOJCeMEeHMIB,  V3200CYBANbHUX WMUPIE [ NO3UYIl  Y32004CY8ANHUX — UMUPIS.
Koegiyiecum 6iobumms po3pobrenoco KoaxciaibHO20 OpMOM0O008020 Nepemeoprsaid He
nepesuwyye —27 0B 6 yciti pobouiti cmyszi yvacmom 3,4-5,4 I'Ty. Pospobnenuti wmupoxocmyeo-
8UlI KO2EPEHMHUL KOAKCIAbHUL OPIMOMOOO0BULL NEPemEopIosay Modce 6ymu UKOPUCTNAHULL )
PIZHUX 0BONONAPUZAYIUHUX OA2AMOOIANA30HHUX PAOIOMEXHIYHUX CUCTEMAX.

Knrwowuosi cnosa: opmomooosuti nepemeopiogau, C-0ianaszoH, WUpoKoCMy208i 080ONOIAPU-
3aYiliHI GHMEHU, KOAKCIAIbHI peOpucmi Xeunesoou, mypHikemue 3'€OHanus, npomughasnuil
CyMamop/nooiibHUK NOMYHCHOCMI, NPAMOKYMHE KOAKCIANbHe 3'€OHAHHSL.

Hunomsau C. U. Koaxcuanvhulit opmomooossiii npeodpazosamenv 01a pacuiupeHHozo
C-ouanaszona. Pazpaboman wupoKonoioCHblil KO2epeHMHbIL OPMOMOO08blll npeodpazosa-
meib Ha OCHOBe KOAKCUAIbHO20 Yemblpexpebepno2o 801H0800a 0Jisi nonocul wacmom 3,4—5,4
I'Ty. Kascovui snemenm KOHCMPYKYuu Obll OMOeNbHO ONMUMUSUPOBAH NPU NOMOWU NPO-
epammnozo nakema CST Microwave Studio ons obecneuenus nuzko2co ompasxicenus d1eKkmpo-
MazHUmMHbuIX 801H 0beux noaapuzayuil. Ilocie smozo 6vina npogedena uHATLHASL ONMUMU3A-
Yus npu uU3MeHeHUuUu ONIUH U 8bICOM JIOHCEMEHMO8, CO2NACYIOWUX WmbIpel U NO3UYUU Co2la-
cyrowux wmoipei. Koagppuyuenm ompasicenus pazpabomanno2o KOaKCUAIbHO20 OPMOMO-
006020 npeobpasosamers ne npesviiaem —27 0b 60 éceii paboueu nonoce uacmom 3,4-5,4
I'Ty. Paszpabomannwiti wupoKONOIOCHbIN KO2EPEeHMHUbIU KOAKCUATIbHBIL OPMOMOO08blil npe-
obpazosamenv modxicenm ObIMb UCHONL308AH 6 PA3IUUHBIX O08YXNOIAPUIAYUOHHBIX MHO200UA-
NA30HHBIX PAOUOMEXHUYECKUX CUCEMAX.

Knwuesvie cnosa: opmomoooswiti npeobpasosamens, C-0uanasou, wupoKonoiocHvie
08YXNONAPUSAYUOHHBIE AHMEHHDI, KOAKCUANIbHbIE pebpucmbie 80J1H0800bI, MYPHUKEMHOE CO-
eouHeHue, NPOMUBOGhA3Hbll Cymmamop/oenumens MOWHOCMU, NPAMOY20NbHOE KOAKCUATIbHOE
coeduneHue.

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 right-angle coaxial junctions for each polarization; 2 antiphase power combin-
ers/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.

An Optimized Right-Angle Coaxial Junction. A right-angle coaxial junction has been op-
timized to provide reflection coefficient, which is less than —42 dB in the operation frequency
band 3.4-5.4 GHz.

An Antiphase Power Combiner/Divider. The optimization of an antiphase power combin-
er/divider has been performed. Its minimized reflection coefficient is less than —38 dB.

Conclusions. A wideband coaxial orthomode transducer has been developed for the oper-
ation frequency band 3.4-5.4 GHz. In this frequency band the reflection coefficient is less
than —27 dB.

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