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A Wideband Orthogonal-Mode Junction Using a
Junction of a Quad-Ridged Coaxial Waveguide and
Four Ridged Sectoral Waveguides
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Abstract—A wideband orthogonal-mode junction (OMJ) using o e e s single-ridged
a quad-ridged circular coaxial waveguide and four single-ridged T
sectoral waveguides is described. The new structure is used for Mk N

extracting a wide lower band signal from a coaxial dual-band
feed. Theoretical results show that the broadband incoming signal
in the quad-ridged coaxial waveguide can be coupled to four
single-ridged sectoral waveguides with low reflection. The new
structure transforms a complex system to a simple single-ridged Front Side elevation Rear

se_ctoral waveguide where multi-band separation can b,e accom- Fig. 1. Wideband OMJ using a junction of a quad-ridged circular coaxial
plished by a number of means. The transformation eliminates ayequide and four single-ridged sectoral waveguides.

the interference among the excitation sources and enables the
accurate mathematical modeling of the complete system possible.

I

Index Terms—Coaxial quad-ridged waveguide, dielectric loaded v band
horn, OMJ, orthogonal-mode junction, sectoral ridged waveguide. @ e
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higher band

excitation probe

. INTRODUCTION

dieleCtriC'Cone'loaqed _feed horn has been deVG'PDﬁQ. 2. Wideband OMJ connecting with a dielectric-cone-loaded horn.

for broadband applications [1]. The dual-band polarized
signals can be coupled to a coaxial waveguide by using a proper Il. THE NEW STRUCTURE
matching section. There are at least two methods proposed for ) ) ) )
extracting the polarized lower band propagating in the coaxial Th€ wideband OMJ structure and together with a dielectric-
waveguide, one being a quad-ridged circular coaxial waveene-loaded horn described here are shown in Figs. 1 and 2,
guide diplexer [2] and the other a circular coaxial orthogondi€SPectively. A quad-ridged circular coaxial waveguide is con-
mode-junction coupler (OMJ) [3]. The quad-ridged coaxiaﬂerted to four smg_le-rldged sect_oral_wavegwdes by _the inser-
waveguide design has some problems in the interfererfi@ Of four metal fins as shown in Fig. 1. Dual-polarized sig-

among the excitation probes, especially for dual-polarizatit??IS iq the ql_Jad-ridged coaxial wav_eguidethen separate_ into the
operation. Moreover, this structure has been found difficul ur single-ridged sectoral waveguides. Thus, the hybrigi TE

in extracting multiple bands, and current designs rely largel oge_m the ﬂu?g;ndge? reglzjlon IS tra}gsfor(r)ned tqta hy_brlq)]:l;ﬁ
on empirical methods. In contrast, the circular coaxial O odein each ot the sectoralwaveguides. Upposite pairs orinese

can be used for multiband operations. However, it has Iimit?gCtoral ridged waveguides can then be recombined in various

bandwidth. To date, the maximum achieved bandwidth is leS&Y's: including use of a circular OMJ as presented in [3], to ex-

S X
than 10% for these structures [3], thereby limiting the fUﬁ?a'(I'::uteh;:ilrgl r:]jjl\./anta e of this structure is transformation of hy-
bandwidth potential of the dielectric-cone-loaded horn. 9 y

To overcome the problems in the previous desians. we rbr_id TE;; mode in the quad-ridged coaxial waveguide to hybrid
P P gns, p;ilo mode in four identical single-ridged sectoral waveguides,

posed a wideband orthogonal-mode junction (OMJ) [4] basg ere analysis and design procedures become much simpler.

on a junction of a quad-ridged circular coaxial waveguide a e TE,, mode in each of these waveguides can be launched
four single-ridged sectoral waveguides. Details of this OMJ a5<§, using a probe or waveguide excitation as shown in Fig. 3(a)
presented in the following sections with some theoretical "Shd (b). Furthermore, the isolation between orthogonal modes
sults obtained by using a commercially_availab!e finite—ellemem the coaxial wavegt’Jide region is greatly improved with this
method software package [5] and partially validated using g, .1 re as there is no direct cross-coupling among the sources.
mode-matching method [2]. To simplify the design further, the single-ridged sectoral
waveguide can be transformed to a standard single-ridged
Manuscript received June 22, 2001; revised February 15, 2002. The reviggCtangular waveguide by using a quarter-wave transformer or

of this letter was arranged by Associate Editor Dr. Riidiger Vahldieck. a slowly tapered section [4] Following this transformation, off-
The author is with Boeing Australia, Seattle, WA 98124 USA (e-mail; . .

henry.zhang@boeing.com). the-shelf components can then be used directly for launching
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Fig. 4. Reflection coefficient of the junction of quad-ridged coaxial waveguide
and four single-ridged sectoral waveguides with height of the rigyeag a
parameterR = 160 mm,r = 60.8, o = 2°, andy = 45°. * cutoff frequency

for TE;; and TE;; mode in quad-ridged coaxial waveguidé;cutoff frequency

for TE,, and Tk, mode in single-ridged sectoral waveguide.

Side elevation Rear elevation

Fig. 3. Methods to excite the required TEmode using the proposed
wideband OMJ.

of the ridges, the bandwidth of the proposed OMJ can be broad-
[ll. PERFORMANCEANALYSIS ened by increasing the height of the ridges.

Coaxial quad-ridged waveguide and sectoral ridged wave-
guide are well known as wide bandwidth structures. The pro-
posed OMJ is a transformer that couples these two types ofA broadband orthogonal-mode junction (OMJ) using a
waveguides and the bandwidth of the OMJ is determined by thumction of a quad-ridged circular coaxial waveguide and
reflection/transmission parameters of the junction. Usually, tiieur single-ridged sectoral waveguides is described and ana-
structure needs to be operated in the fundamental mode olyiged. The result shows that the bandwidth of this structure
and, therefore, the bandwidth is determined by the comminbroad and can be obtained without complicated analysis
bandwidth of the quad-ridged and single ridged waveguides.and optimization. The transformation from a dual-polarized

A preliminary study on the reflection coefficients of the juncguad-ridged coaxial waveguide to four identical single-ridged
tion was conducted using the finite-element method [5]. For sirectoral waveguides significantly increases the isolation among
plification in the mathematical modeling, a sectoral metal fin 46€ excitation sources and provides increased flexibility for
shown in Fig. 1 is used to separate the quad-ridged waveguid8§. antenna designer to configure the OMJ for single and
Fig. 4 shows the reflection coefficient in the quad-ridged coaxifulti- band applications. In addition, the single-ridged sectoral
waveguide end as a function of frequency with the height of théaveguide can be readily transformed to a standard single-
ridges as a parameter. To evaluate the bandwidth, the cutoff filged rectangular waveguide if desired and thereby utilize
quencies for the given quad-ridged coaxial waveguide (BEd Standard off-the-shelf components.

TE,:) and single-ridged sectoral waveguide (§Bnd TE,) The current design and that presented in [6] use similar ridged
are also given in the same figure. These cutoff frequencies hivaveguide structure. However, there are some distinctions be-
been verified using the mode-matching method [2]. tween them. The new structure is designed for dual-band appli-

Fig. 4 shows that the reflection coefficient reduces with irkations. Its sectoral and circular waveguide based structure of-
creasing frequency. The figure also indicates that the reflectififS Smooth transition from the dielectric-cone-loaded horn to
coefficient reduces with increase in the height of the ridges. THls@d-ridged coaxial waveguide and OMJ. Moreover, the inner-
is because the field intensity in the metal fin region decreaddédged structure offers more flexibility for fabrication. The new
with the increase in the height of the ridges, the reflection créructure has been implemented in the design of a dual-band
ated by the wall (metal fin) of the sectoral waveguide reducf&ed system for the Parkes radio telescope with lower band op-
with increase in the height of the ridges. If a 20 dB return lo&d@t€ing at 640 to 710 MHz [7] and higher band above 2 GHz.
is regarded as the minimum performance and each structurgli? performance of the entire system will be reported when the

required to operate in the fundamental mode, the figure show&tem completed.
that the structure retains more than 40% of the bandwidth of-

fered by the coaxial quad-ridged waveguide. For example, the

bandwidth of the structure with ridge height= 150 mm hasa  The author thanks Dr. G. L. James, Dr. T. Bird, Mr. K. J.
bandwidth greater than 1:2.5 (retaining 45% of 1:5.5 bandwid@reene, and Dr. J. S. Kot for the review and useful discussions
offered by the quad-ridged waveguide). As the bandwidth of tlva this work. The author also like to thank the reviewers for
ridged coaxial and sectoral waveguides increase with the heigbtnting out some pioneer works related to this subject.
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