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A wide bandwidth diplexing feed system consistingof
a pair of multihole corrugated directional couplers
and a dual-depth corrugated horn, has been developed
for satellite communication antenna applications.
The feed has capacity to handle any arbitrary dual
orthogonally polarized signals and to incorporate in
dependent depolarization correction for these sig-–
nals in the downlink and uplink. It shows a very
good isolation between orthogonally polarized sig-
nals at each reused frequency over the recently al-
located bands which extend from 3.4 to 4.2 GHz in
the downlink and 5.85 to 6.775 GHz in the uplink for
fixed satellite systems. Two modular devices which
operate for high or low frequency beacon to extract
difference modes for tracking purpose, are also des
cribed. Based on beacon allocation, the suitablemo~
ule can be conveniently incorporated in the feedsy~
tern without disturbing the electrical performances–
at the communication links.

INTRODUCTION

Ware’79 has made new allocation of bands for fixed
satellite systems which shows considerable increase
of bandwidth both in the downlink and uplink. The
downlink has 800 MHz (21%) bandwidth centered at
3.8 GHz; while at the uplink bandwidth is 925 MHz
(14.65%) around 6.3125 GHz. It shows an actual in-
crease by 66% and 80% in widths, as compared to the
existing ones, at the downlink and uplink respective
ly. All the presently known operational feed system;
fall well short of satisfactory operation over these
extended bands in respect to the specifications for
frequency reuse standard. For such a broad band di-
plexing feed design maintaining high performance,
the prime difficulties are encountered in:
(1) diplexing the transmit and receive signals via

the principal waveguide line of the feed chain
over the widely separated discrete broad bands
while maintaining a good isolation between the
signals in two bands and a low return loss for
both cases; whereas, suppressing excitation of
unwanted higher order modes (the requirements
for low return loss and suppressed higher order
mode excitation arising due to frequency reuse
mode of operation with two orthogonal polariza-
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(2)

(3)

(4)

tions),
launching the signals in both bands along the
transition between principal waveguide and
throat of horn without significant increase in
the level of return 10SS or higher order mode
content,
propagating the signals in both bands along the
length of the horn without unwanted mode excita
tions so that the fields at the aperture have =
very low level of cross-polarized fields, and
maintaining low insertion loss, particularlyfor
the received signals, to minimize noise tempers
ture contribution due to the feed.

When higher order difference mode signals have also
to be extracted at the beacon for purpose of track-
ing, the feed chain must, &t the same time, exibit:
(~) unattenuated propagation of HE,, and/or EOZ hy-

brid modes through the horn and the launching
section,

(2) an efficient extraction of the signi~ls carried
by the above mentioned difference modes to de-
rive the tracking information, and

(3) no deleterious effect on the signal:; carried by
the communication links while extra[:ting the
tracking modes.

Apart from those components in the feed chain which
cater for the signals in more than one link simulta
neously, i.e, the diplexer, the beacon coupler, th~
launcher connecting to the horn and the horn itself;
there are other components such as polarizers, rota
tory joints and orthomode transducers which only –
handle signal in one of the links. These components
are relatively simple in their design ccmsiderations
although a high performance is demanded from these
components over a single but wide bandwidth. In this
paper emphasis will be given on the design cons-idera
tions and performance characteristics of that part–
of the feed chain which is comprising the diplexer,
the beacon coupler, the launcher and the corrugated
horn placed tandem.

It is often desired that the design of the feed sy~
tern should be flexible so that a beacon coupler in
modular form could be included whenever necessary.
Commonly, the beacon is given a narrow bandwidth al
location either within the downlink (’beacon (LF)’~
e.g., 3.95 GHz f 7.5 MHz to provide auto boresight
tracking to the earthstation antennas in 4/6 GHz FS
systems) or near the uplink (’beacon (HF)’, e.g.,
17.3 or 18.1 GHz * 6.0 MHz to provide auto off- or
on-boresight tracking to the satellite antennas in
12/18 GHz european direct TVB systems). The design
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of the feed system described below is shown to be
able to incorporate a beacon coupler for extraction
of difference modes at either ‘beacon (LF)’ or
‘beacon (HF)’.

DIPLEXING COUPLER

The diplexing coupler is conceived in a circular
waveguide having transverse corrugations (Fig.1).
This waveguide serves as the principal transmission
line of the feed chain in which the signals at the
downlink and uplink are supported as EH1l and HEII
fast wave modes, respectively. Other unwanted higher
order modes are maintained non-propagating equally
for both bands. The dispersion characteristics of
the principal waveguide for the various unity azi-
muthal wanted and likely to be excited unwanted
modes are shown in Fig.2. It may be noted that EH12
mode having high cross-polarization content is main
tained well cut-off. When coupling holes are placed
at the bottom of the corrugations to configure the
coupler, the circular symmetry of the corrugated
waveguide is disturbed. By double feeding at diamet
rically opposite positions with appropriate phase~e
lationship, it is, however, possible to make even –
and odd azimuthal modes to be mutually exclusive.
Therefore, while configuring the principal waveguide
to support HEII mode at uplink and EHI1 mode atdown
link it is necessary to ascertain that next order –
odd only azimuthal modes, i.e., HEs1/EH31 etc. are
not supported. If supported, these could give rise
to increased cross-polarization in the radiated
field or trapped mode resonances in the VSWR. In
Fig.3, the dispersion characteristics of the three-
azimuthal modes are shown. Particular care has been
taken to maintain EHS1 mode non-propagating in the
uplink. It should be noted that complex waves, which
appear across the uplink in Figs.2 & 3, can only
store energy between a conjugate pair whereas propa
gation of energy can be associated with fast and –
slow waves. The signals at the uplink can be com-
pletely transferred between the dominant propagating
mode of the secondary waveguides and the HEI1 mode
of the principal waveguide while maintaining its di
rection of propagation. The essential design consi=
derations for this purpose are well known from the
theory of directional couplers. On the otherhand, at
the downlink all modes are maintained almost cut-off
in the secondary waveguides and, therefore, unatten
uated propagationof signals in the downlink occurs–
along the principal waveguide. An experimental cou-
pler with coupling holes at six intervals has been
constructed to validate the design considerations.
The important conclusions from the obtained results
may be summarized as:
(1) EHI, mode is propagated along the corrugated cog

pier without coupling into the secondary wave-
guides or giving rise to significant VSWR.

(2) Satisfactory HEll mode coupling in the uplinkis
achieved and no higher order modes are found to
be present up to 6.775 GHz. A resonance due to
TM31 mode of the radial line occurs at 6.86GHz
(Fig.4). This is in agreement with the predic-
tions.

(3) A slope in the coupling characteristics across
the uplink is observed (Fig.4). When a OdB cou-
pler is configured, this slope would diminish;
however, some measures are being taken tofur-
ther reduce it. A satisfactory directivity is
achieved.

In Fig.5, a perspective view of the complete diplex-
er is shown where two multihole couplers are connec
ted in a back to back arrangement through a network
of waveguides. In this arrangement, an independent
depolarization correcting mechanism can be incorpo-
rated for both the links at their respective ports.

LAUNCHER

The purpose of this component, interposed between
the diplexing coupler and the corrugated horn, isto
allow transformation of the distinct mode types,
EHII and HEII that are present in the corrugated
principal waveguide at the downlink and uplink res-
pectively, both into balanced hybrid HEll mode which
is the desired propagating mode along the length of
the corrugated horn. To achieve such a double mode
transformation, a special launcher is conceived
which consists of a corrugated tapered waveguide
section having a dual-depth corrugation boundary.
The corrugations of each type in the above boundary
are, furthermore,associated with an independent rate
of change in their dimensions along the length of
the launcher. Near that port of the launcher which
connects to the horn, the depth of the individual
corrugation slots is adjusted for quarter wavelength
self resonance, in one case, at the downlink and,in
the other case, at the uplink. This boundary, there
fore, supports HE1l mode near balanced hybrid con-–
dition equally well in both links and in good match
with the corresponding mode propagating in the horn.
At the opposite port of the launcher that connects
with the diplexing coupler, a mutual resonance bet-
ween the two types of interwoven corrugation slots
is created at the downlink through the adjustmentof
the depth of deeper slots so that an appropriate in
ductive corrugation boundary condition is simulate7.I
to support EH1l mode which is the desired mode pro-
pagated in the principal waveguide of the feed. At
the uplink, this port continues to support HEllmode
near balanced hybrid condition due to the self re-
sonance of the shallower slot whose depth is prac-
tically unaltered along the length of the launcher.
In Fig.6 (a) variation of the corrugation boundary
condition along the length of a 4/6 GHz extended
band launcher is shown. Figs.6 (b) & (c) show the
VSWRcharacteristics of the launcher for the down-
link & uplink respectively. The launcher assumes an
other additional role when a beacon coupler is to~e
incorporated in the feed chain. If a beacon (LF) is
considered having a typical centre frequency of3.95
GHz then,in the launcher a suitable cross-section
along its length is available (Fig.6) where thetrac
king coupler may be inserted and in order to allow–
efficient coupling of the difference mode a cut-off
reflection plane is furnished at an appropriate dis
tance. In the cases where a beacon (HF) is present–
near uplink, the signals are propagated along the
launcher into the principal waveguide with minimized
interference. More details on the extraction of bea
con signals is considered in a section to follow. –

CORRUGATEDHORN

The low levels of the cross-polarized radiation in
two widely separated bands, assuming the launcher
connected to the horn functioning optimally, has
been obtained by considering a dual-depth corrugated
horn. The depth of the successive slots in the dual
depth corrugation configuration has been optimized_
to give a high reactance boundary condition at the
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two links all along the length of the horn.When such
an unaltered high reactance corrugation boundary con
dition is steadily maintained at all cross-section~
of the horn, it is possible to suppress mode conver
sion into modes with high cross polarization con- –
tent. In Fig.7, radiation pattern and summarized
cross-polarization characteristics of the horn fed
by means of launcher of previous section,are shown.

BEACONCOUPLERS

An efficient feed design should be able to incorpo-
rate a beacon coupler. Therefore, while considering
the design of the feed chain, this aspect has beenac
counted for and initial studies have been carried –
out to demonstrate that inclusion of such couplers
is indeed possible. Although the basic design of the
couplers are in hand, no prototype model is yet fab
ricated and tested. Hence, only some of the design–
features of these couplers are to be discussed here.

The feed of an antenna for FS systems requires a
tracking coupler operating at beacon (LF). A coupler
for this purpose is interposed at a suitable cross-
section along the length of the dual-depth corrugat
ed launcher where, first, uplink is propagated nea~
balanced hybrid condition, secondly, HE21 mode at
the beacon has fast wave propagation, and finally,
EH12 and HE~l/EHsI modes are not propagating in the
downlink. These features of the chosen launcher
cross-section is demonstrated in Fig.10a.Two foldr~
jection of the uplink, one furnished by the nature
of flow of current on the dual-depth corrugation
boundary and the other achieved with incorporation
of radial line filters as shown in Fig.8, has been
effected to maintain a circular symmetric unaltered
boundary condition for the uplink at this oversized
cross-section. The down-link is rejected at the wave
guide filters present in the coupler branches. No -
over moding occurs in the downlink since EH12 and
EH~l modes, this second mode being most likely tobe
excited by the coupler branches, are maintained cut
off. A cut-off reflection plane for the difference
mode exists at a suitable distance from the coupler
to allow efficient coupling of the beacon.

An alternative beacon coupler which could serve for
a beacon (HF), is considered to operate at 7,5 GHz,
i.e., beyond the uplink band. At’this frequency the
Eoz and HEZ1 modes have identical phase constant in
the principal waveguide of the feed (Fig.10 c & b)
and therefore,it is convenient to extract both the
modes through a short length narrow band directional
coupler with strong coupling per cross-section. This
can be conveniently done with a skew-symmetric di-
plexing cum tracking coupler arrangement as shownin
Fig.9 without additional length requirement.Abranch
ing waveguide type coupler is preferred in this cas~
to achieve isolation between uplink & beacon.

CONCLUSION

The design of a capable feed system has been describ
ed. Prototype model of some components will be.showfi
at the open forum with their electrical characters
tics further demonstrated.

—
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Fig.5. A perspective view of the complete diplexer.
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Fig.6 a,b,c. Boundary susceptance and return loss
characteristics of the launcher in the
downlink and uplink.
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