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Summary    The high power versatile feed system for communications satellite usage is
of the three-channel monopulse type capable of simultaneous operation over the
receiving frequency band of 3700 to 4200 MHz and the transmitting frequency band of
5925 to 6425 MHz. The feed system provides an on-axis transmit beam for the upper
frequency range and three-channel monopulse tracking and receiving outputs for the
lower frequency range. These simultaneous transmit and receive functions are
orthogonally polarized.

The feed system consists of a multi-element aperture array with an associated remote
polarization control panel. The system is capable of processing transmitted signals of
power levels up to 12 kw for the purpose of satellite command and data transmission. It
is also capable of processing the relative azimuth and elevation error signals for satellite
tracking.

The feed system is suitable for primary focal point excitation of parabolic reflectors (F/D
between .45 and .6), and for dual reflector or Cassegrainian systems. The sum and
difference mode of operation are precisely controlled with a front aperture to provide the
proper illumination functions for the particular reflector systems, thus achieving high
system efficiencies and correspondingly high G/T ratios.

Introduction    The Antenna Feed System discussed in this paper was specifically
designed for large earth station ground terminals for use in communications satellite
links. The antenna feed is a three-channel monopulse tracking system capable of low
noise reception in the 3.7 to 4.2 GHz range while simultaneously transmitting up to
12 kw of average power in the 5.925 to 6.425 GHz frequency range. The feed systems,
already in field operation with the INTELSAT series of satellites, provide remotely
controlled selection for the reception and transmission of circular left-hand, circular
right-hand, and any rotating linear polarizations. These feed systems are the result of
intensive development, and have proven their performance in the field. A total of seven
such systems in various forms are now in operation throughout the world.



The earth station feed systems consist of the following basic assemblies:

! Feed assembly package with its polarization control panel and cabling.
! Feed horn aperture.

The basic feed assembly package is suitable by itself for primary focal point excitation
provided the F/D of the focal point system is consistent with the illumination
characteristics of the feed assembly package.

The feed horn aperture is specifically designed to interface the common feed assembly to
a particular Cassegrain reflector system.

For typical Cassegrain systems the feed horn adapter can be designed to provide
optimum illumination tapers to a particular configuration. The variable parameter of the
horn is its included angle. This versatile design parameter allows an earth station system
designer to locate the basic feed and its sum and difference output terminals at any
desired position relative to the vertex of the main parabolic reflector.

A key factor in this feed system for Cassegrain excitation is the constant beamwidth
characteristic achieved with the feed horn adapter. It is this characteristic which allows
the achievement of high system efficiencies and correspondingly high G/T ratios.

In this paper, attention will be directed to the antenna feed and conical horn aperture
design technique. Typical performance characteristics will be presented along with
measured and computer-predicted Cassegrain system characteristics.

The Basic Three-Channel Monopulse Feed Assembly    The three-channel monopulse
feed assembly is shown in block diagram form in Figure 1. It consists of the following
components:

! front horn aperture
! polarizer assemblies
! waveguide transitions
! a transmit/receive transducer
! comparator network
! low pass filters
! interconnecting cables and waveguide runs
! mechanical drive mechanisms
! polarization control panel

A photograph of an actual feed assembly is shown in Figure 2.
 



The front horn aperture is a nine horn ring cluster. A single central horn and eight
peripheral horns. The central horn generates the required sum mode pattern for both
transmit and receive operating functions. The peripheral horns generate error patterns for
both azimuth and elevation tracking functions.

Each of the nine aperture horns is excited by two quar-ter-wave polarization assemblies:
A front polarizer and a rear polarizer. The polarization modes are controlled by rotating
tandem quarter-wave plates relative to each other.

The eight outer peripheral horns are connected to a comparator network that provides the
proper amplitude and phase excitation functions to each horn in the outer array
configuration. This generates the two orthogonal azimuth and elevation tracking error
channel beams. Low pass filters are connected to each of the three monopulse system
outputs (sum, difference azimuth, and difference elevation) to prevent transmit energy
from appearing in any of these terminals.

The polarization control assembly is equipped with two digital readouts: one for the rear
polarization assembly, and one for the front polarization assembly. These digital
readouts have a resolution accuracy of 0. 1 degree. The panel is calibrated for the linear
and circular polarization modes. The operator has the capability of matching any
incoming polarization, independent of its ellipticity, because each polarizer assembly is
separately controlled.

These polarizers are circular waveguide sections with metallic vanes (irises). The
individual polarizers in each assembly are aligned in such a way that the vanes are
parallel in all of them simultaneously. All nine polarizers in each bank are controlled by
a common drive mechanism via servo motors, precision drive belts and roller shafts.
These drive mechanisms form a pair of open servo control loops which are controlled by
the operator at the polarization control panel.

The central sum channel connects to a dual mode transmit/receive transducer with one
output of the transducer serving as the transmit (5.925-6.425 GHz) terminal and the
second output serving as the orthogonal receive (3.7-4.2 GHz) terminal. This
transmit/receive transducer also includes a specially designed probe (null probe) to allow
accurate polarization orientation matching.

Feed Horn Aperture    The feed horn aperture is a conventional dominant (TE11) mode
conical horn with a specially designed interface adapter for attachment to the feed
assembly. The purpose of this horn is to shape the radiated pattern of the feed for use in
Cassegrain systems. The horn configuration design provides the following radiation
pattern characteristics:



! Pseudo constant beam shapes over the desired frequency bands
! An almost total absence of near in and far out sidelobes

These two features provide high system efficiencies and correspondingly high G/T
ratios.

Focal Point Excitation    This type of operation applies to the instance where
conventional paraboloids are excited by the feed located at the focal point of the
parabola. It also applies to special applications such as those typified by the Cassegrain-
horn, or “ Casshorn” , where the included angles approximate those of conventional
parabolic-like systems.

Typical receive pattern characteristics of the feed assembly package are shown in
Figure 3 for the frequency of 3.7 GHz. The figure contains the E- and H-plane patterns in
the azimuth plane. The elevation plane shapes are generally identical by virtue of the
symmetry of the aperture. The high level of the difference channel patterns relative to the
sum channel patterns is simply attributable to the fact that the difference channel
aperture is larger. Examination of these pattern functions will indicate that high quality
secondary patterns would result if parabolic dishes with F/D’s ranging from 0.45 to
0.6 were utilized. Lower F/D ratios would not be acceptable, since the H-plane
difference channel function would begin to under-illuminate at 4200 MHz. The E- and
H-plane pattern characteristics are typical of the E- and H-plane pattern shapes for all
polarization modes.

The design of the feed assembly package radiating aperture is such that the sum channel
beam shapes narrow very slowly with increasing frequency. These pattern shapes
monotonically change character from those shown at 3700 MHz to those shown in
Figure 4. This figure contains the E- and H- plane patterns at 6425 MHz. An F/D range
of 0.45 to 0.6 is also compatible with transmit band operation as the data of Figure 8
indicates. Once again, the elevation plane pattern shapes are similar to those shown in
Figure 4 by virtue of the symmetry of the feed system.

The focal point of the feed assembly package is fixed, lying approximately at the
aperture surface.

The data of Figures 3 and 4 indicate that the feed assembly package has high quality
primary pattern characteristics over the full range from 3700 to 6425 MHz. While the
feed assembly has very low loss and a low noise system would result, there can be no
question that such a system would not fare well compared to a Cassegrain-type system. A
focal point excited system with the feed adapter assembly as the exciter fares no better
than any other parabolic type system of the focal point variety when used for a low noise
application. The spillover region occurs in the zone near the dish periphery, causing a



large amount of energy (relative to Cassegrain-like systems) to impinge on the earth’s
surface with an attendant increase in the spillover noise temperature. A notable except
occurs in the instance of Casshorn assemblies, where spillover is eliminated by enclosing
the sides of the structure with metal walls. Casshorn system temperatures have been
measured ranging from as low as 48E to as high as 56E relative to the antenna terminals
and at an angle of five degrees above the horizon. This temperature includes all feed
contributions, all far field temperature contributions, and the sky temperature.

Cassegrain System Excitation    This mode of operation requires the attachment of the
horn aperture to the basic feed assembly. The design of the horn aperture varies from one
Cassegrain system to another. The principal variable design parameter is the included
angle of the horn adapter. This included angle generally matches the included angle of
the subreflector. A secondary design variable is the length of the horn. The length of the
horn is fixed for optimum electrical performance.

The following discussion will describe the results obtained with a conical horn aperture
having a 35-degree included angle. A computer program was established for predicting
the characteristics of the horn adapters. It will be shown that the correlation between
theory and practice is excellent, thus allowing the design of any horn adapter to be
checked before actual implementation.

Figures 5 through 8 contain the E- and H-plane patterns for frequencies of 3700, 4200,
6000, and 6400 MHz, respectively. These frequencies approximately coincide with the
upper and lower frequency limits of the Earth Station receive and transmit bands. The
solid lines represent the measured data, while the dashed lines indicate the performance
predicted by the computer program. Both the measured and computed data show a
complete absence of secondary sidelobe structure. The remarkable feature of the horn
adapter is the almost perfect constancy of the illumination characteristics. When used
with a 35-degree included angle subreflector the horn adapter has an edge illumination
which varies randomly from 12 to 14 db across the entire spectrum from 3.7 to 6.4 GHz.
The dropoff in the E-plane pattern shapes is rapid, thereby minimizing system noise
temperature resulting from spillover energy falling on the earth’s surface.

The H-plane patterns for the frequency spectrum from 3700 to 6400 MHz are almost
completely constant with frequency. The more conventional beam shape derives from the
fact that the distribution in the H-plane is tapered, whereas that in the E-plane is not. The
ripple at the peak of the beam is, accordingly, smaller because of the lower energy
density at the edge of the horn radiating aperture. No sidelobe structure is evident within
30 db of the main lobe peak. This is in accordance with theory. Edge illumination in the
H-plane, with a 35-degree subreflector, will be approximately 20 db for all frequencies.
The correlation between theory and practice is remarkable, with the theoretical curves
being almost a direct trace of the measured pattern data.



Measured pattern beamwidths for both the E- and H-plane patterns are plotted in
Figure 9. The curves represent (-10 db), (-15 db), and (-20 db) beamwidths for a nine-
foot long conical horn having a total flare angle equal to 35-degrees. It should be noted
that the (-20 db) H-plane beamwidth approaches the conical horn angle of 35-degrees.

It is important to note that the data of Figures 5 through 8 were taken in the near field of
the horn (relative to the normally used 2D2/8 criterion). The measured data were actually
obtained by swinging a test horn over an arc that simulated the surface of a hyperbolic
subreflector located the proper distance from the horn adapter. This test method
simulates the actual patterns which would illuminate the subreflector. It is for this reason
that the angular scale of the data of Figures 5 through 8 is riot linear. Since a spherical
wave front is deliberately established at the radiating aperture, there should be no
material difference between near and far field pattern data. This is, indeed, the case.
Figure 10 is the pattern of the 35-degree horn over a full 360-degree azimuth sector, with
the data taken in the far field. The pattern shape remains essentially identical to the near
field pattern shape. This pattern also clearly indicates the total absence of sidelobe
structure within 32 db of the main lobe peak.

The difference channel patterns are also very well shaped for operation in Cassegrain
systems. Measured difference channel patterns are shown in Figure 11 at frequencies of
3700 to 4200 MHz. The edge illumination for a 35-degree subreflector ranges from
16 db down at 3.7 GHz to 20 db down at 4.2 G Hz.

The net system gain was computed for a conventional reflector system with quadrapod
supports. The reflector was assumed to have a diameter of 98.4 feet, with an 8-foot
subreflector. The computed gain at the antenna feed assembly package terminal was
60.0 db at 4000 MHz. The computed noise at the antenna terminals was 48.2 degrees.
The resultant figure of merit is 41.4 db, with an assumed 23.5EK receiver noise
temperature. Both the gain and the figure of merit would increase by approximately
0.5 db if shaped surfaces were used.

Pattern data were computed for 25-degree included angle subreflectors, using the
computer program developed as part of the RSi-sponsored development effort. The same
dish assembly was assumed for this computation as was noted for the 35-degree horn
computation. The computed gain was 60.7 db at 4000 MHz, while the computed noise
temperature was 50 degrees. The figure of merit, assuming a 23.5EK receiver noise
temperature is 42.1 db. This figure of merit is based on a 5-degree elevation angle.
Similar calculations were run for the same conditions, using a 15-degree conical horn.
For this instance, the computed gain was 60.8 db, while the computed noise temperature
was 49 degrees. The resultant G/T ratio was 42.2 db, assuming a 23.5E K receiver noise
temperature.



The curves of Figure 12 summarize the frequency dependence of the figure of merit
(G/T) of a Cassegrain system having a 98.4-foot main reflector. Two curves are shown,
one for conventional reflectors and one for shaped reflectors.

Conclusions    The three-channel monopulse feed system discussed in this paper
presents a new feed system configuration for communications satellite earth stations.

The feed provides optimum illumination tapers for focal point excited and Cassegrainian
reflector systems. In its final configuration the antenna feed system provides the
following features:

! Constant Beamwidth Feed Excitation Patterns
! High Figure of Merit (G/T)
! Simultaneous High Power Transmission and Low Noise Reception
! Excellent Tracking Accuracies
! RHC, LHC and Any Other Rotating Linear Polarization
! Digital Polarization Readout with 0.1EAccuracies
! Null Probe Output for Fine Polarization Orientation Tuning
! All Moving Parts Are Integral to the Pressurized Feed Assembly Package
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Figure 1.  General Block Diagram of the Feed Assembly Package

Figure 2.  Three Channel Monopulse Horn Array Feed Antenna with
Polarization Control Panel (Rsi Model No. 1051-02)



Figure 3.  Typical H and E Plane Patterns of the Feed Assembly at 3700 GHz

Figure 4.  Typical H and E Plane Patterns of the Feed Assembly at 6.425 GHz



Figure 5. Measured and Calculated E and H Plane Patterns of
35EE/Conical Horn Aperture at 3.7 GHz

Figure 6.  Measured and Calculated E and H Plane Patterns of
35EE Conical Horn Aperture at 4.2 GHZ



Figure 7.  Measured and Calculated E and H Plane Patterns of the
35EE Conical Horn Aperture at 6.0 GHz

Figure 8.  Measured and Calculated E and H Plane Patterns of the 35EE Conical
Horn Aperture at 6.4 GHz



Figure 9.  H Plane Pattern of 35EE Horn at 3.7 GHz

Figure 10.  Measured Beamwidth vs. Frequency for the 9-Foot 35EE Conical Horn



Figure 11. H Plane Difference Channel Patterns for 35EE Horn Adaptor

Figure 12.  Figure of Merit (G/T) vs. Frequency




