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ABSTRACT This work presents a workflow to simplify the design process, simulation effort and verification
scheme, to generate a signal with desired power, polarization and controlled higher-order modes required
for aeronautical tracking systems. This workflow is especially suitable for the simulation and analysis of
complex antenna feed systems with multimode monopulse tracking capabilities through the emulation of real
operation. The presented scheme is based on S-parameters obtained from literature or full-wave simulations
and linear techniques, transforming a CAD-FEM problem into a circuital one, that can be easily implemented
analytically and processed in commercial schematic simulation tools. The proposed approach is applied to the
analysis of an antenna feed system with a resonant TE»| tracking coupler, commonly used in tracking systems
today and can be easily adapted and/or extended to more complex feed systems working with different
tracking couplers and/or high-order modes. Different polarizations and feed settings are analyzed, obtaining
useful information on the operation and best configuration of these complex systems.

INDEX TERMS Antenna feed, higher-order modes, monopulse, multimode, simulation, tracking,

waveguide.

I. INTRODUCTION

Antenna feed systems designed in waveguide technology
are particularly suited for tracking applications due to their
minimum losses and high-power handling characteristics.
With these characteristics, tracking capability are generally
achieved through circuits that enable antennas to follow a
target on the move such as a satellite, a military target or
an astronomical body. Many different tracking techniques
are available on the market and can be classified in four
main groups: manual or programmed tracking, monopulse
or simultaneous sensing, sequential amplitude sensing and
electronic beam squinting [1]. Among these techniques,
monopulse is the one mostly used in space and defense
applications. Its functionality requires the generation of sig-
nals to pilot servo-motors in order to move the antenna toward

The associate editor coordinating the review of this manuscript and

approving it for publication was Shah Nawaz Burokur

the target (elevation and azimuth estimates) from a single
pulse of information, which provides advantages that make
this technique the main trend in present applications [2].
In monopulse systems, data information is typically car-
ried in the fundamental mode, which presents maximum
gain in the boresight direction, the so-called SUM signal.
Azimuth and elevation signals are extracted from high order
modes (HOMs), generated when the target is not aligned, and
therefore centered, to the boresight of the antenna, giving rise
to the so-called DELTA signal. Consequently, the tracking
signals are zero when the target is aligned to the antenna
boresight, while different from zero in other cases. HOMs
extraction in the waveguide network is the most used strategy
within the monopulse technique, resulting in compact and
precise tracking systems.

Non-idealities in the generation of SUM and DELTA
signals may affect tracking capability, affecting communica-
tion and entire system performance. This problem is known
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as de-pointing. In modern HOMs monopulse system, the
most probable source of problems, and also the key compo-
nent for the entire system, is the tracking coupler, a circuit
designed to separate HOMs that define the SUM and DELTA
signals. The tracking coupler based on waveguide technology
is usually designed through circular waveguides, sized to
manage HOMs such as TMo; [3], [4], TE2; [5], [6] and/or
TEo; [7], [8]. It is a complex structure whose design often
requires the use of time-consuming electromagnetic (EM)
simulation tools working with multimode input signals lead-
ing to very tedious process during the optimization stage.

From simulation analysis, the physical behavior of a
tracking coupler (as per any other waveguide component)
is described through S-parameters, obtaining information
regarding ports reflection, transmission losses and port-
to-port isolations. The analysis of a complete monopulse
tracking system should emulate a realistic input signal in the
waveguide network that would be obtained only by modelling
the complete monopulse tracking network, the target and their
physical distance. Hence, to simulate the tracking coupler and
all its waveguide network using an EM source with a desired
polarization and to move the source in different directions,
retrieving the complete azimuth and elevation response [9].

These analyses are generally carried out through full-wave
finite element method (FEM) simulations based on the actual
3D geometry of the circuit (CAD). From these full-wave
simulations, S-parameters at the different ports could be ana-
lyzed by retrieving the azimuth and elevation signals of the
hypothetical target as it moves in space.

Since the monopulse system as well as the target should
be included in the analysis, as well as the volume in terms of
free space that separates them, the computational costs extent
to high levels because the model complexity also depends on
the accuracy that the designer need. Finally, all the simulation
results need to be post-processed to obtain meaningful results.

In this work, a simple circuital scheme (shown in Fig. 1) to
emulate such scenario is proposed, extending the discussion
already presented in [10] and [11] through an in-lab HOMs
generator, emulating the actual behavior of a real target. The
HOMs generator dynamics, analyzed through a commercial
FEM simulator (such as HFSS from Ansys or CST Studio
Suite from 3DS), can be imported as a text file in terms of
S-parameters though a circuital schematic available in most
of FEM EM simulators. These parameters have been already
successfully obtained to provide a realistic and controlled
HOMs generation with known amplitude and phase parame-
ters [10], [11], [12]. The process of gathering all the responses
of the waveguide circuit from the desired source positions
is not time consuming, due to the circuit simplicity with
respect to a FEM analysis, and the computational time of a
tracking coupler or even of a complete antenna feed system
is reduced to a great extent. To demonstrate its benefit over
other FEM techniques, this paper propose a workflow applied
to an antenna feed system using a TE»; tracking coupler for
different polarizations. From this analysis, useful recommen-
dations for tracking receiver designers are presented.
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FIGURE 1. Scheme of the proposed circuit for the generation of a signal
with known polarization and power, and controlled higher-order modes.

This work is organized as follows: Section II describes
the proposed signal generator presented in Fig. 1 and its
implementation in a commercial simulation tool such as
Microwave Office; Section III introduces and details the
antenna feed system that is analyzed afterwards; Section IV
presents the computational comparison between different
full-wave solvers and the proposed approach; Section V
shows results of the analysis performed under different
polarizations and tracking receiver configurations, provid-
ing useful ideas and recommendations. Finally, Section VI
presents all the conclusions that come from this work.

Il. SIGNAL SOURCE WITH CONTROLLED HOMS

A. DESCRIPTION OF THE SIGNAL SOURCE

The input signal or generator is presented in Fig. 1. The first
element is the Input Port where the desired input power for
the fundamental modes, Pin, is defined. Afterwards, a Polar-
ization Generator enables to select between linear, circular
or elliptical polarizations by dividing in two the input signal
and adding a phase delay term to one of the two branches,
to obtain the degenerate fundamental TE;; modes. The two
branches need to be configured accordingly:

o For linear polarization, both branches must have the
same phase shift; therefore, ¢ = 0°, whereas the power
attenuation (ATN) in the power divider follows the rela-
tions given by (1) and (2). Each branch corresponds
to an axis component of the polarization, so they are
called x and y.

ATN, = Pin (1)
P,
Pin

ATN, = -2 )
Py

where P, , are the powers in each branch, that can be
calculated from the voltage at the branch, Vy ,, as

1V2
Py = ——*. 3
=37 3
2
1% @
Y 2 7y

In (3) and (4) Zy is the modal impedance. Finally, the
voltages in each branch are related with the total voltage
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FIGURE 2. (a) Normalized radiation patterns in a typical multimode
monopulse system: fundamental mode (blue) and any HOM suitable for
tracking purposes (red). (b) For any magnitude of depointing, a circle is
obtained (tracking contour), whose circularity can be characterized by a
series of discrete points, A to H [10].

at the power divider input, V;, through the linear polar-
ization angle, «, with respect to the x-axis.

V., = Vicos(a) (5)
Vy = Visin(a) (6)

where,

1
Vi= 7V 8ZyPiy. )

According to (5), (6), a horizontal linear polariza-
tion, aligned with x-axis, is obtained for ¢ = 0°;
whereas a vertical linear polarization, aligned with
y-axis, is achieved with @ = 90°. Any slant linear polar-
ization can be set by modifying parameter .

« For circular polarization, both branches need to be in
quadrature; therefore, ¢ = £+90°, whereas the power
attenuation in each branch is exactly —3 dB. Depending
on the sign in ¢, a left-hand circular polarization (LHCP)
or a right-hand circular polarization (RHCP) can be
selected.

Once the signal power and polarization are configured,
two signals with the corresponding magnitudes and phases,
TEj, and TEj{,, enter the HOMs generator. This is simply a
S-parameter file obtained from the literature, full-wave EM
simulations or real measurements, containing the response of
a circuit where higher-order modes are generated. The gener-
ator is a circuit already presented in [10], [11], and [12] where
two circular waveguides are not connected aligned along a
common axis, but an offset allows the possibility to generate
HOMs. According to [11], it can be defined the magnitude of
the offset My, that is linked to the amplitude of the generated
HOMs, while the angle ¢ allows the excitation of differ-
ent HOMs. It has been demonstrated that with this circuit it
is possible to mimic signals originated from a target in a real
application and study the de-pointing effect. Obviously, each
pair of values (M, ) produces a S-parameter file therefore,
FEM simulation of the waveguide circuit must be repeated
in order to have a set of configurations typically used during
the calibration of monopulse systems. These files are able to
reproduce the tracking contour presented in Fig. 2. Thanks
to the simplicity of the circuit presented in [11] and [12] all
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the aforementioned configurations can be simulated in a short
time.

Fig. 2a shows the basic operation performed during
the calibration of a typical multimode monopulse system:
the antenna is moved along a circular pattern toward a
well-known source acting as a target to study possible
de-pointing effects. For any de-pointing angle, a tracking
contour is obtained (see Fig. 2b). The radius of the circle is
related with 6, the angle representing the antenna moving, and
therefore is the parameter that characterizes the magnitude
of de-pointing. On the other hand, it has been demonstrated
in [10] and [11] that it is possible to link the antenna move-
ment with a regular phase ¢ of the DELTA pattern along
the different pointing angles in the range [0, 360°], and
therefore the possibility to link the signal phase to the actual
antenna pointing angle since the phase of SUM pattern is
nearly constant. In this way, making the comparison between
phases of SUM and DELTA patterns, the tracking receiver
can extract the target position information within the track-
ing contour obtaining the azimuth and elevation correction
signals. To characterize the tracking receiver goodness, it is
possible to check the circular symmetry of the tracking con-
tour, by using a series of discrete points, typically eight plus
the boresight, as shown in Fig. 2b, requiring a total of nine
FEM analysis and therefore nine S-parameters files.

Once retrieved these files, they can be used as input in the
circuital scheme presented in this work, giving the advantage
to the designer to analyze any kind of tracking circuit with its
custom CAD geometry, without the drawback to conduct spe-
cific time-consuming FEM analysis on the entire monopulse
system. In this way. parameters such as the null depth, the
tracking coupling level, the tracking contour symmetry or the
tracking-to-information isolation can be easily obtained.

When the input signal exhibits a horizontal polarization
(mode TEjs aligned with x-axis) and the waveguide offset
with ¢ = 0° and any value of My # 0, then modes TE s,
TMop; and TE,;s are obtained at the waveguide output as
shown in Fig. 3a. For an offset angle ¢ = 45°, modes TE s,
TMoi, TE»1s and TEyj. are present at the output port as
presented in Fig. 3b. In this case, power levels of the HOMs
are 3 dB below those obtained in the previous case. Finally,
with ¢ = 90° only modes TE s and TEj|. are generated.
Similar results are obtained for a vertical polarization just
exchanging TEs for TE . and TEj;s for TEj. in Fig. 3.
Therefore, mode TMy; is not generated when the offset
angle is orthogonal to the polarization angle. Consequently,
tracking couplers based on mode TMy; are not sensitive to
elevation or azimuth errors when working with horizontal or
vertical polarizations respectively.

For this reason, if linear polarization is used, the track-
ing receiver needs to manage, at least, two higher-order
modes: TMg; + TEq; [8], [13], TMg; + TEj3; (sine and/or
cosine) [14] or TE,; (sine and cosine) [15], [16]. On its side,
when working with a circular polarization (RHCP or LHCP),
all the HOM are generated (TMgj, TE»1s, TEp1c) for any
offset angle. Thus, a tracking receiver sensitive to azimuth
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FIGURE 3. Generation of higher-order modes in the waveguide circuit
with input horizontal polarization and different offset angles: (a) ¢ = 0°,
(b) Q= 45°, (C) Q= 90°.

and elevation errors and working with a circular polarization
can be designed only for mode TMy;, which leads to more
simple feed systems [3], [17], [18]. If the tracking receiver
was designed to manage both modes TE»; then a more flex-
ible feed system would be obtained, since it would be able
to work with both linear and circular polarizations with the
throwback of a more complex structure.

B. SIGNAL SOURCE IMPLEMENTATION

The scheme described in Section II-A can be easily imple-
mented in common commercial simulation tools based on
linear models and techniques (S-Parameters) such as AWR
Microwave Office from Cadence as shown in Fig. 4.

The first element, Port 1, is the input port of Fig. 1, which
is configured through parameter PIN_DBM corresponding to
the desired input signal power in dBm. For analysis purposes,
it is convenient to set PIN_ DBM = 0 dBm.

The second element is the net called GENERATOR.
This subcircuit corresponds to the polarization generator
in Fig. 1 and, consequently, its internal configuration has
to be modified based on the desired signal polarization: for
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FIGURE 4. (a) Circuit schematic of the signal source implemented in AWR
Microwave Office. The subcircuit GENERATOR can be configured to
generate different polarizations; (b) detail of subcircuit GENERATOR able
to produce a linear or a circular polarization.

linear polarization, the diagram presented in Fig. 4b should be
used with the following parameters: ATEN_X and ATEN_Y
are equal to the values obtained from (1) and (2) in dB
respectively, and P_RHLH should be set to zero. For circu-
lar polarization, the single parameter P_RHLH configures
the direction of rotation, ¢, therefore, P_RHLH = 90°
or —90° for LHCP or RHCP respectively, whereas parame-
ters ATEN_X and ATEN_Y should be set to 3 dB.

Finally, the last element SUBCKT (in Fig. 4a) is the subcir-
cuit containing the S-parameter file obtained from the FEM
analysis of the HOMs generator. As explained in Section II,
the nine simulations needed to obtain the corresponding
S-parameters files, are introduced in this element sequen-
tially or, preferably in parallel using nine different circuit
schematics. In this way, the tracking contour can be obtained
from a single circuital simulation run. In this work, the
S-parameter files were obtained using the EM tool uWave
Wizard from Mician. This tool is based on mode-matching
techniques and provides very fast and accurate results for
simple circuits like the HOM generator. Since five modes
are considered in these simulations (from TE;; to TEy;),
the HOMs generator dimensions need to be conveniently
designed to enable the propagation of all these modes within
the desired frequency range. Due to the symmetry and reci-
procity of this circuit, a 10 x 10 S-parameter matrix is
obtained from each simulation (five input modes and five
output modes). Therefore, the three input modes that are not
used at the input ports (TMo1, TE3, and TES,) are closed on
matched loads, as shown in Fig. 4a.

The five output ports of the signal source in Fig. 4a
are fundamental and HOMs generated by the input sig-
nal with the desired power and polarization. These five
signals are the input of an hypothetical tracking receiver
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FIGURE 5. Antenna feed system with tracking capabilities designed to be
analyzed with the proposed signal source.

extracting the data information from the fundamental modes
and the azimuth-elevation information to pilot the antenna’s
servo-motor. The presented signal source and the workflow
followed in this Section represent a clear advantage over
other techniques [9] when simulating complex antenna feed
systems with tracking capabilities.

Ill. ANTENNA FEED SYSTEM DESCRIPTION

In order to explain the workflow described in Section II and
the capability to analyze an entire tracking system under
different configurations, a complete circuit has been designed
(see Fig. 5). To make more general this approach, the system
does not include the antenna because its presence is not
relevant for the analysis, since HOMs can be directly excited
at the input port (Port 1). However, if desired, any antenna
could be easily included.

The entire system is designed to work in X-band
(8 — 8.5 GHz) using uWave Wizard and checked with CST
Studio Suite and Ansys HFSS afterwards: it includes a
resonant-type TE>; monopulse tracking coupler, similar to
those in [6], [14], and [15], with standard WR112 rectangular
tracking ports (Port2 and Port4 in Fig. 5) to extract the
excited modes, and circular ports with radii r;;, = 19.9 mm
(Portl in Fig. 5) and r,,; = 12.5 mm (circular waveguide
connecting to the septum polarizer). Tracking ports are con-
nected to a Riblet-type hybrid coupler [19], [20] to perform
the quadrature sum of the degenerate TE;; tracking signals.
Moreover, this element physically separates both output ports
so standard WR112 flanges can be connected to Ports 2 and 4.
Between the tracking coupler and the hybrid coupler, a phase
shifter is included in one branch to compensate the physi-
cal separation between the TE;s and TE;;. coupling slots.
Finally, as the feed system is intended to work with circular
polarizations, a septum polarizer [21], [22], [23] is used to
select one of the two circular orthogonal polarizations from
the fundamental mode.

According to the configuration in Fig. 5, RHCP is at Port 5
and LHCP is at Port 3.

Fig. 6 presents some of the main performance results
of the whole feed obtained from CST Studio Suite FEM
simulations. Fig. 6a shows the axial ratio (AR) for the
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FIGURE 6. Simulated S-parameter results of the antenna feed system:
(a) axial ratio for the fundamental mode; (b) matching and isolation at
information ports: reflection at Port 3 (blue), reflection at Port 5 (red),
isolation between Ports 3 and 5 (black dashed); (c) matching and
isolation at tracking ports: reflection at Port 2 (blue), reflection at Port 4
(red), isolation between Ports 2 and 4 (black dashed).

fundamental mode (obtained at Ports 3 or 5) which is the
parameter that defines the grade of polarization ellipticity,
i.e. the goodness of the circular polarization for the funda-
mental mode. Typically, values of AR < 1 dB, corresponding
to a cross-polar discrimination greater than 25 dB, are con-
sidered as adequate in real applications; the value simulated
is AR = 0.5 dB in the design band. Fig. 6b shows the simu-
lated matching at information signal ports and the isolation
between these ports with values better than —25 dB for the
reflection and around 30 dB for the isolation. Finally, Fig. 6¢
presents the matching at tracking signal ports and transmis-
sion between these ports with values better than —18 dB for
the reflection and around 20 dB for the isolation.

IV. DISCUSSION ON THE COMPUTATIONAL PROCEDURE
AND EFFORT

The procedure followed to analyze the receiver configura-
tions can be summarized as follows. First, the whole structure
shown in Fig. 5 is analyzed by a full-wave tool and the
scattering matrix is stored once for all, taking into account
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FIGURE 7. Reflection parameter at Port 3, comparison for different
solvers: CST (red), HFSS (blue), Mician (green).

as many HOMs as required in the circular port. Then the
scattering parameters of the HOM generator shown in Fig. 3
are calculated using uWave Wizard for many offsets M and
angle ¢, thus mimicking different directions of arrival of
the signal on the receiving antenna. Finally, the scattering
matrices of the tracking system (schematic circuit in Fig. 8)
and of the HOM generator (schematic circuit in Fig. 4) are
cascaded by using Microwave Office. From the resulting
scattering matrix, suitable plots are generated to show in a
convenient way the depointing effect. It is noted that this last
step is practically at no computation cost, regardless to the
number of directions of arrival to be tested.

In order to give an insight on the computational effort,
the simulation time and memory usage (both RAM for com-
putation and hard disk for storage) are reported in Table 1.
These results were obtained using a domestic hardware
(Windows 10-x64, Intel Core i17-4790@3.60 GHz, Nvidia
GeForce GT 730, 32 GB RAM). The full-wave analysis has
been performed by CST Studio Suite (F-Solver [24], [25]),
by Ansys HFSS with automatic adaptive meshing, and by
uWave Wizard from Mician, which is based on the mode
matching [26], [27]. Fig. 7 plots the matching at Port 3,
showing a very good agreement between the different solvers.

V. DISCUSSION ON THE SIMULATED RESULTS WITH THE
SIGNAL SOURCE

The proposed signal source shown in Fig. 4 is directly
connected to the Port 1 presented in Fig. 5, in which the
entire tracking system is characterized through an overall
S-parameters file as shown in Fig. 8. Between these cir-
cuits, a power sampling element is connected in one of
the HOM signal branches (TE;jc) in order to know the
input power to the receiver. The subcircuit containing the
feed S-parameters file has four outputs: the two informa-
tion signals (TEj;s and TE;;.) and the two tracking signals
(TE315s and TE;(). Between this subcircuit and the tracking
output ports, ideal phase shifters are placed. The function of
these phase shifters is to align the circuit response in phase
with the depointing angle, thus for ¢ = 0° the phase shifters
values are set so the phase of the tracking signal exhibits
the same value. The phase shifters values are obtained for
this first angle simulation and are not modified for the other
angles.
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TABLE 1. Computational effort for the calculation of the scattering matrix
of the tracking system (Fig. 5) for different solvers.

Mesh RAM  Storage Time
Software Solver .
elements  (GB) (GB) (min)
CST FEM 335.327 5.2 11.3 90
HFSS FEM 343.044 15.5 0.9 80
uWave Wizard Mode Matching ~ N/A 2.0 0.01 45
'l‘Em: TE ;. o Port 3
TE1s f—
""O—— Antenna Feed | TEu. Port 5}
™o I(with tracking
TE21c C()up]er) TEyc Z’—O Port 4} Aaz
1 (51 o port2 ) Ad

Power Sampling

FIGURE 8. Circuit schematic for the simulation of the whole antenna feed
system. This scheme is directly connected to the proposed signal
source (Fig. 4).

A. CIRCULAR POLARIZATION WITH HYBRID COUPLER
The analysis starts with a RHCP and P;, = 0 dBm config-
ured in the signal source (Fig. 4b). The magnitude of the
waveguide offset in the HOM generator is Hy = 0.1 mm
which generates HOMs with a magnitude around 37 dB
below the fundamental modes. This value is close to the
null depth and representative of the real operation. The nine
files of the HOMs generator with the nine angles defining
the tracking contour (one at the boresight and eight offset
angles) are loaded in the same number of circuit schemat-
ics so the responses are calculated and plotted in a single
run. Results are presented in Fig. 9 in a polar plot so
magnitude and angle values can be easily revised. Results
are obtained at a single frequency within the design band,
f =28.2GHz.

Figs. 9a and 9b present results at tracking ports. As can be
seen in Fig. 9a, the tracking information is obtained at Port 2
with a total power of —37 dBm for angles ¢ = 0° to 315°
in 45° steps, which correspond to points A to H in Fig. 2b
respectively, and enable to trace the tracking contour. Without
any offset, i.e. at boresight, a power value of —110 dBm is
obtained. This value is the theoretical (without horn) null
depth of the DELTA radiation pattern for & = 0°. On its side,
the other tracking port, Port 4, does not receive power. From
Fig. 9b, a value of —70 dBm is read for all angles.

Regarding the information signals contained in the funda-
mental modes, since it is a RHCP signal, all the power is
received at Port 5 (see Fig. 9c) whereas a value of —35 dBm
leaks to Port 3 (see Fig. 9d).

This last value represents the isolation between informa-
tion ports at the septum polarizer rectangular ports. In the
case of a LHCP all the results are very similar to those
presented in Fig. 9. The only remarkable differences are that
the tracking ports and the information ports are exchanged,
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FIGURE 9. Simulated powers at different output ports for a RHCP input
signal and different depointing angles ¢: (a) tracking port 2; (b) tracking
port 4; (c) information port 5; (d) information port 3.

i.e. tracking information appears at Port 4 and information
signal is at Port 3, and the rotation direction of the track-
ing contour is clockwise instead of counterclockwise. This
last setback can be easily modified in the post processing
stage just conjugating the tracking signal at the tracking
receiver.

B. LINEAR POLARIZATION WITH HYBRID COUPLER

With the same parameters’ values in the HOM genera-
tor and Pj,, the input polarization is changed to linear so
the corresponding signal source’s parameters are configured
in Fig. 4b. Results obtained in this case are plotted in Fig. 10
for all output ports. As can be checked in Figs. 10a and 10b,
the same information is present at both tracking ports with
conjugated results and a loss of 3 dB with respect to the
circular polarization case. As a consequence, if an antenna
feed system with a monopulse TEj; tracking coupler is used
in a communication system working with linear polarization,
then it is advisable not to use the hybrid coupler after the
coupler. This case is analyzed in Section V-C. Regarding
the information signal, due to the presence of a septum
polarizer, half power is received in each port as can be seen
in Figs. 10c and 10d. In this case, an orthomode transducer
(OMT) would be preferable instead of the septum polar-
izer to carry out the orthogonal polarizations’ separation
function.

C. LINEAR POLARIZATION WITHOUT HYBRID COUPLER
To analyze the feed system without hybrid coupler, this ele-
ment is removed from the circuit in Fig. 5 and simulated
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FIGURE 10. Simulated powers at different output ports for a linear input
signal and different depointing angles ¢: (a) tracking port 2; (b) tracking
port 4; (c) information port 5; information port 3.

again. The resulting S-parameters is loaded in the correspond-
ing subcircuit in Fig. 8. Now, the full system is simulated
with a linear polarization input and the obtained results are
presented in Fig. 11. As can be seen in Figs. 11a and 11b, the
tracking information is divided between both ports: elevation
error signal is sensed from Port 2, whereas azimuth error
signal goes to Port 4. The combination of both tracking sig-
nals provides full information with a power level without any
additional loss. The information signals, due to the septum
polarizer, is evenly divided in this component and therefore,
an additional loss of 3 dB is obtained at these ports, as plotted
in Figs. 11 c and 11d.

D. CIRCULAR POLARIZATION WITHOUT PHASE
EQUALIZATION

The last case in this analysis, introduced in Section III,
is the configuration of the feed system where the phase
shifter between the hybrid coupler and the tracking coupler
is removed and the system works with a circular polarization.
This configuration is intended to demonstrate the importance
of the phase equalization in the tracking coupler. As in
Section IV.C, the new feed configuration is simulated and the
obtained S-parameters file is loaded in the circuit schematic
of Fig. 8.

Fig. 12 shows the simulated results for this last configu-
ration in which a RHCP signal has been introduced. Results
are, in general, similar to those obtained with the phase shifter
included, as can be checked comparing Figs. 9 and 12, but
an important difference is observed in Fig. 12b. Some of
the tracking information leaks to Port 4 and, consequently,
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FIGURE 12. Simulated powers at different output ports for a circular
input signal and different depointing angles ¢ in a feed system without
phase shifter: (a) tracking port 2; (b) tracking port 4; (c) information
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the isolation between tracking ports is reduced from 33 dB to
around 18 dB. This demonstrates the necessity of including
the phase shifter to perform the phase compensation function
and thus to improve the isolation between tracking ports.
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VI. CONCLUSION

In this work, a simple schematic circuit that enables to
implement an input signal source with defined power,
polarization and controlled higher-order modes has been
presented. This signal source is especially suitable for the
simulation and analysis of complex antenna feed systems
with multimode monopulse tracking capabilities through
the emulation of real operation. The proposed simulation
scheme is based on cascading the S-parameter matrices of
the building blocks by a circuital technique, which reduce the
simulation time and computational effort, unlike full-wave
3D EM simulations. This has been demonstrated with the
analysis of the stand-alone tracking network without consid-
ering the antenna feed and the entire point-to-point tracking
system.

The proposed signal source and simulation scheme can be
directly adapted to any feed configuration including different
types of multimode monopulse tracking couplers such as
TM01 or TE()] .

It has to be pointed out that the examples reported in this
paper do not fully consider the real-life scenario. In fact,
the HOMs excitation depends not only on the direction of
arrival of the signal, but also on antenna inaccuracies, such as
the radiation pattern asymmetries, which are not considered.
However, if the real HOMs excitation can be provided, the
tool is able to calculate the correct tracking system perfor-
mance. This demonstrates its great flexibility as a general
simulation procedure.
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