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ABSTRACT

A compact, dual circularly polarized corrugated horn antenna and feed network system

designed for small GEO satellites is presented in this thesis. The system covers the en-

tire SATCOM Ka-band, including military frequencies from 17.7-21.2 GHz and 27.5-31

GHz. The structure comprises two main sections: the antenna section, which includes a

corrugated horn antenna and a radial mode converter, and the feed network, which con-

tains a circular-to-square waveguide transition, a six-port ortho-mode junction, waveguide

low-pass filters, H-plane bends, a five-port ortho-mode junction, septum polarizers, and

adapters. The transmitter frequency band is 17.7-21.2 GHz, and the receiver frequency

band is 27.5-31 GHz. The minimum and maximum gains are 21.1 dBi and 23.9 dBi for

the transmitter, and 23.8 dBi and 26.5 dBi for the receiver, respectively. The sidelobe level

is below -31.3 dBc, and the polarization is circular. The cross-polarization discrimination

exceeds 30 dB for both bands. Port-to-port isolation surpasses 20 dB, Tx-Rx isolation is

greater than 63 dB, and return loss is above 30 dB. The interface uses WR51 standard

waveguide at transmitter and WR34 standard waveguide at receiver. The overall structure

is less than 110 x 110 x 360 mm³. The radiation patterns of both the corrugated horn

antenna and the overall system are discussed as well.

Keywords: Corrugated horn antenna, dual circular polarization, feed network, ortho-mode

junction, waveguide
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ÖZET

Bu tezde, küçük GEO uyduları için tasarlanmış kompakt, çift dairesel polarizasyonlu dişli

boynuz anteni ve besleme ağı sistemi sunulmaktadır. Sistem, 17.7-21.2 GHz ve 27.5-31

GHz askeri frekanslarını da içeren tüm SATCOM Ka-bandını kapsamaktadır. Yapı iki ana

kısımdan oluşmaktadır: dişli boynuz anten ve radyal mod dönüştürücüsünü içeren anten

bölümü ile daireselden kare dalga kılavuzu geçiş, altı çıkışlı ortogonal mod birleştirici,

dalga kılavuzu alçak geçiren filtreleri, H-düzlemi kıvrımları, beş çıkışlı ortogonal mod

birleştirici, septum kutuplaştırıcılar ve adaptörleri içeren besleme ağı bölümü. Verici

frekans bandı 17.7-21.2 GHz, alıcı frekans bandı ise 27.5-31 GHz’dir. Verici için min-

imum ve maksimum kazanç sırasıyla 21.1 dBi ve 23.9 dBi; alıcı için ise 23.8 dBi ve

26.5 dBi’dir. Yan lob seviyesi -31.3 dBc’nin altındadır ve polarizasyon daireseldir. Her

iki bant için çapraz polarizasyon ayrımı 30 dB’yi aşmaktadır. Portlar arası izolasyon 20

dB’nin üzerindedir. Arayüzü, vericide WR51 ve alıcıda WR34 standart dalga kılavuzunu

kullanır. Yapının toplam boyutları 110 x 110 x 360 mm³’ten küçüktür. Hem dişli boynuz

antenin hem de tüm yapının ışıma örüntüleri de tartışılmaktadır.

Anahtar Kelimeler: Dişli boynuz anten, çift dairesel polarizasyon, besleme ağı, ortogonal

mod birleştirici, dalga kılavuzu
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1. INTRODUCTION

As technology develops year by year to respond to people’s needs, one remark-

able improvement is the enhancement of globalization of communication. Hence, efforts

in this field of research have been expedited to facilitate global communication services.

Satellites contribute to achieving the optimal performance level in communication ser-

vices more efficiently. Owing to its wide coverage, Satellite Communication (SATCOM)

considerably expands connectivity by adapting to varied environments and conditions

[1, 2]. Small Geostationary Earth Orbit (GEO) satellites are consistently employed in

satellite communications. They orbit the Earth at high speed and are designed to ensure

wide coverage. These systems deliver high performance by integrating compact design,

low cost, and flexibility [3]. As a result, antennas are specifically designed for use on

small GEO satellites are being implemented to provide efficient and reliable communica-

tion. In SATCOM applications, antenna technologies have improved to comprise a design

capable of operating across different frequency ranges and polarization types. With these

features, it allows people to have more robust and accelerated communication.

Several key factors to examine when designing a SATCOM antenna comprise the

frequency bands used, gain, polarization diversity, and footprint of the antenna. The most

commonly employed frequency band in SATCOM technologies/applications is the Ka-

band, as it allows communication across a broad bandwidth [4]. Circular polarization is

used in Ka-band SATCOM to accommodate different atmospheric conditions and mini-

mize polarization losses.

A dual-band antenna system can operate both as a Tx and a Rx. In dual cir-

cular polarization, two orthogonally polarized channels, namely Left-hand Circular Po-

larization (LHCP) and Right-hand Circular Polarization (RHCP), are used to minimize

cross-polarization interference [5]. Hence, the signal can be transmitted and received

simultaneously.
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Designing a SATCOM antenna system with both dual-band and dual circular po-

larization characteristics requires a complex design process. The system comprises a

corrugated horn antenna, a radial mode converter, and a feed network in order to provide

satellite communication. The corrugated horn antenna is employed because it enables

circular polarization, low signal loss, low sidelobe levels, and high gain [6]. Circular

polarization is crucial because it enables the exchange of the signal without high loss.

A low sidelobe level in the radiation pattern is significant because it reinforces the main

beam and reduces any undesired signal leakage into the sidelobes [5]. Another essential

component employed in SATCOM is a radial mode converter. This component is used

because it ensures that the desired performance is fulfilled from the corrugated horn an-

tenna. Another target is to allow mode conversion with reduced loss. Finally, the feed

network is one of the most significant components. It is designed to minimize the signal

loss and ensure high-purity circular polarization.

To achieve these objectives, a compact horn antenna and feed network with dual

circular polarization for Ka-band SATCOM employed in small GEO satellites are selected

for this thesis. A corrugated horn antenna and the radial mode converter are selected

because they are widely employed in SATCOM. Since dual-band operation is required,

all components are designed to provide Radio Frequency (RF) performance within the

Ka-band for both Tx and Rx. For this purpose, a bandwidth of 17.7-21.2 GHz in the Tx

band and 27.5-31 GHz in the Rx band is chosen, which ensures wide operating ranges for

the extended Ka-band. Using the designed components, the desired LHCP and RHCP are

achieved.

In the literature, various studies exist both on antenna systems and on the com-

ponents that comprise the feed network. These studies describe differences in terms of

operating frequency ranges, RF performance, and structural design. Comparisons with

these studies exhibit the necessity of the design proposed in this thesis. Based on this

2



information, the Introduction is organized into two sections: Section 1.1 reviews the lit-

erature, and Section 1.2 introduces the design approaches used in this work.

1.1 Literature Review

In a previous study, similar antenna and feed network structures have been de-

signed and employed to achieve specific application requirements. In this work, the feed

network, which operates in dual polarization with a Rx band of 17.7-21.2 GHz and a

Tx band of 27.5-31 GHz, includes low-pass filters, an Ortho-mode Junction (OMJ), a

turnstile power divider, septum polarizers for two frequency bands, and a corrugated horn

antenna [7]. The feed network exhibits a return loss higher than 20 dB, a Tx - Rx isolation

exceeding 85 dB, and the port isolations greater than 18 dB. With the integration of the

corrugated horn antenna into the system, the return loss increases to values over 30 dB,

and the Tx - Rx isolation improves above 100 dB. Moreover, the six-port OMJ is designed

using both circular and rectangular waveguides. Rectangular waveguides of different di-

mensions are integrated for the arms of the six-port OMJ, with their dimensions designed

based on the specified cutoff frequencies to promote operation in the desired waveguide

modes.

Whereas the OMJ and Ortho-mode Transducer (OMT) functions are based on

similar operating principles, they have some differences in structural design and employ-

ment. In high-capacity transceiver systems using dual polarization, the OMT is a crucial

component of the antenna-feed network system. Park et al. [8] investigate an OMT oper-

ating in the 9.2-12.4 GHz frequency range, and it includes a turnstile junction and E-plane

T-shaped power combiners. The compact size of this design ensures a benefit in terms of

implementation. The return loss exceeds 18.5 dB, and the cross-polarization is above 35

dB.

In another study, a circular waveguide is utilized for the high-frequency band,
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while rectangular waveguides are employed for the low-frequency band within the same

six-port OMT topology, operating with downlink frequencies of 3.4-4.8 GHz and uplink

frequencies of 5.85-7.025 GHz, exceeding 17 dB at the common port and supporting

dual linear polarization [9]. This structure is implemented as a linear profile slot-coupled

OMT for signal distribution purposes. Especially, no blend is applied to the rectangular

waveguides in that design.

In another fabricated feed network, the system operates in 19.25-20.75 GHz and

27-29 GHz [10]. In this design, both the six-port OMJ and five-port OMJ are completely

composed of circular waveguides. The measured results acquired from the fabricated pro-

totype closely match the simulated results. After fabrication, measurements show return

loss better than 28 dB and port-to-port isolation exceeding 19 dB in terms of polariza-

tion. Moreover, this structure represents the first demonstration of a fully monolithically

additive-manufactured antenna feed network operating in these frequency ranges.

The European Space Agency’s ESA ARTES-4 program designs and fabricates

the OMT to operate in C-band, with the antenna interface section implemented using

a circular waveguide. The simulation results of this system closely correspond to the

measurement results. Return loss is better than 26 dB for each port, while the port-to-port

isolation exceeds 23 dB, and the cross-polarization discrimination is greater than 30 dB

[11].

A system that includes a horn, Tx/Rx polarizer network, and OMJ comprising a

diplexer, operates with a transmit frequency range of 17.7-20.2 GHz and a receive fre-

quency range of 27.5-30 GHz [12]. Comparison between simulation and measurement

results show that the design employs dual circular polarization and achieves above 25 dB

return loss and greater than 21 dB port-to-port isolation across both frequency bands.

Septum polarizers are typically initiated with a step design; nonetheless, through

optimization, the number of steps can be decreased without compromising performance
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[13]. These steps play a critical role in achieving the required polarization conversion by

accurately controlling both the magnitude and phase difference of the propagating signal,

consequently, minimizing potential polarization errors. The component is designed to

feed square waveguides for easy integration with the OMJ and to develop high-purity

right-hand or left-hand circular polarization. During the number of steps modification

procedure, adjustments are made according to the dimensions of the OMJ to provide

compatibility and optimal performance.

Gong et al. [14] design a system that includes a corrugated horn antenna, an

OMJ, K/Ka band polarizers, low-pass filters, waveguides, and a turnstile junction. In

this antenna-feed model, the Tx operates in the 17.7-20.2 GHz and the Rx in the 27.5-30

GHz. It is designed to generate dual circular polarization. Return loss is above 30 dB

for both frequency bands, and the port-to-port isolation exceeds 19 dB. The wideband

dual circular polarization and frequency ranges provide good RF performance, enabling

its employment in satellite services.

1.2 Design Perspectives

To make communication more accessible in small GEO satellites, a structure com-

prising two main sections, antenna and feed network, is designed for the specified oper-

ating frequency with dual circular polarization on the satellite side of a SATCOM link.

Due to the dual-band design, this overall system allows the operation in both Tx and Rx

bands simultaneously with a compact footprint [15]. For the purpose of enhancing the en-

tire system performance, a dual-diversity approach, namely combining polarization and

frequency, has been implemented, therefore increasing the efficiency of the whole system

and seamless signal transmission across the Tx and Rx bands. The integrated system cov-

ers the entire SATCOM Ka-band, including the military frequency ranges of 17.7-21.2

GHz and 27.5-31 GHz [4, 16]. The reason for selecting the extended Ka-band in this
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design is to provide a wide bandwidth, compatibility with compact antennas, and high

capacity [17].

The antenna consists of a corrugated horn antenna and a radial mode converter.

The feed network consists of a circular-to-square waveguide transition, a six-port OMJ,

waveguide low-pass filters, H-plane bends, a five-port OMJ, septum polarizers, and adapters.

The integrated antenna-feed model is symmetric, and each component is first designed as

a vacuum model and then converted to aluminum, with blends and radii applied. Table 1.1

presents the specifications of this antenna-feed network system design. The dimension of

the integrated system is less than 160 x 160 x 450 mm³.

Table 1.1: Design Specifications.

Parameter Transmit Receive
Operating Frequency 17.7-21.2 GHz 27.5-31 GHz
Polarization RHCP & LHCP RHCP & LHCP
Minimum Gain 21 dBi 23.3 dBi
Maximum Gain 23.3 dBi 26.8 dBi
Sidelobe Level < −30 dBc @ |θ| >

30◦
< −30 dBc @ |θ| >
30◦

Cross-Polarization
Discrimination

≥ 30 dB over Edge of
Coverage (EOC)

≥ 30 dB over EOC

Return Loss > 30 dB (for each port) > 30 dB (for each port)
Port-to-port Isolation > 20 dB (over EOC) > 20 dB (over EOC)
Tx-Rx Isolation > 80 dB > 80 dB

In this thesis, a compact, dual circularly polarized corrugated horn antenna and

feed network system designed for small GEO satellites, covering the full SATCOM Ka-

band, is presented. With this thesis, design methodology covering the integrated design of

the antenna section and feed network section, radiation pattern results of this system, and

critical performance metrics such as return loss, port-to-port isolation, Tx-Rx isolation,

sidelobe level, and cross-polarization discrimination are also discussed. Each structure in
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this thesis is designed using CST Studio Suite.

In summary, as can be indicated from the examples in the previously mentioned

literature, research on this ongoing topic has been conducted from the past to the present

and advances. With the advancement of technology, particularly satellite communication,

the opportunities offered to people in the field of communication are steadily growing.

This thesis aims to contribute to this research field by advancing existing designs, even

though similar structures are present, this design has been optimized through fabrication

feedback, leading to a state-of-the-art approach in terms of performance and the designed

system.

This thesis comprises four chapters. In the second chapter, the design of the an-

tenna and feed network is provided. Each component in the two main sections is ex-

amined based on its structure, and the corresponding graphs are analyzed for the perfor-

mance of the components. Chapter 3 introduces the results of the integrated system. The

antenna-feed model is explained in detail, and subsequently, the corresponding graphs

are interpreted. In the final chapter, the overall system discussed throughout the thesis is

summarized in detail.
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2. DESIGN OF THE ANTENNA AND FEED NETWORK

The design and simulation results of each component comprising the system are

explained in detail in this chapter. A block diagram of the complete feed and corrugated

horn system is presented in Figure 2.1. The signal operating in the Rx band first prop-

agates through the corrugated horn antenna, then travels through the circular-to-square

waveguide transition. Subsequently, the Rx signal proceeds to travel through the six-

port OMJ via a rectangular waveguide and arrives at the Rx septum polarizer. The dual-

polarized signal at the output of the septum polarizer is transmitted to the feed network

input/output interface through symmetric adapters designed in WR34 standard waveguide

dimensions.

The transmit signal propagating through the WR51 standard waveguide is guided

through the low-band septum polarizer. This signal is symmetrically divided into four

arms of the five-port OMJ. Each of these arms comprises H-plane bends followed by

waveguide low-pass filters implemented in two different structural configurations. The

filtered signals are subsequently recombined at the six-port OMJ. Finally, the combined

signals pass through the circular-to-square waveguide transition and afterward reach the

corrugated horn antenna.

All elements of the system are designed separately in commercial electromagnetic

simulation software CST Studio Suite. In addition, custom scripts developed in Matrix

Laboratory (MATLAB), Python, and Excel are used to design the system.

The overall system is symmetric, and each component is first designed as a vac-

uum model and subsequently converted to aluminum, with blends and radii applied. All

components, excluding the corrugated horn antenna, are simulated using the Frequency

Domain (FD) solver, whereas the antenna itself is examined using the Time Domain (TD)

solver.

Accuracy and iterative convergence of the simulation results in all components
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are confirmed through extensive mesh enhancement trials and solver settings variations.

Adaptive mesh enhancement is enabled for all structures except the corrugated horn an-

tenna to ensure computational convergence and solution accuracy.
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Figure 2.1: Block Diagram of the Integrated System.
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2.1 Corrugated Horn Antenna

Hybrid-mode corrugated horns are employed as signal feeding for reflector an-

tennas. Radiation patterns obtained with hybrid modes exhibit low cross polarization,

excellent radiation symmetry, and low sidelobe levels [6, 18]. The input of the corrugated

horn antenna is a circular waveguide, where the fundamental TE11 mode at the waveguide

input is transformed into the HE11 mode within the mode converter.

It is challenging to finalize the design of the mode converter separately from the

corrugated horn antenna, because the mode converter performance depends on the mode

impedances presented by the corrugated horn antenna, which differ from those provided

by the waveguide ports employed in the simulation. In this design, the mode converter

and the corrugated horn antenna are first designed individually to reach a reasonable per-

formance level. Afterwards, the components are integrated, and optimization is carried

out on the integrated mode converter and corrugated horn.

The need for using the HE11 mode arises from the fact that TE11 mode alone

is inadequate for the efficient operation of such a structure. When only the TE11 mode

is present, increased cross-polarization and sidelobe levels are examined, rendering it

insufficient as an efficient feed. To obtain a Gaussian-like main beam with low cross-

polarization and sidelobe levels, a field distribution similar to the Transverse Electromag-

netic (TEM) mode, which does not exist in metallic waveguides, is aimed for. For this

reason, the HE11 mode is efficiently employed [6, 18, 19].

To mitigate the field distortions generated by the TE11 mode alone, a TM11 mode

component is introduced. Owing to the corrugated structure, the TE11 and TM11 modes

enable to propagate with the identical phase velocities, allowing the hybrid-mode com-

position to be preserved without degradation. An 85% TE11 and 15% TM11 modal ratio

emerges as the optimal solution dictated by the boundary conditions, desired far-field

characteristics, Maxwell’s equations [6, 18, 19].
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The TE11 mode exhibits a pronounced radial electric field near the waveguide

wall, which gives rise to unwanted effects. In contrast, the TM11 mode contributes only

weakly in the central region while generating a radial field of opposite polarity close

to the wall. Adding a TM11 mode at roughly 15% reduces unwanted wall effects. The

main beam remains nearly unchanged, and cross-polarization stays low. The hybrid mode

formed under these conditions contains about 85% TE11 and 15% TM11 [6, 18, 19].

In this context, the purpose of the mode converter is to convert 15% of the incident

TE11 mode power at the input to TM11 mode at the output, thereby achieving an 85%

TE11 and 15% TM11 balance (namely, the HE11 mode) at the corrugated horn input

[6, 18, 19].

As such, TE11 is above cutoff at the input while both modes are above cutoff

at the output. These restrictions are taken into account when determining the input and

output radii of the mode converter. The critical parameters of the mode converter are

input radius ai,MC , output radius ao,MC , number of slots in the mode converter NMC , slot

depths dj,MC , and converter profile.

A variable-depth converter is used in the mode converter, which employs a hyper-

bolic profile [19]. The input and output radii of the mode converter are determined by

considering both the preservation of mode conversion performance and limiting the entire

size of the structure. Similar to the slot depth calculation of the corrugated horn antenna,

calculations are also performed for both the Tx and Rx in the mode converter, and the

average is then calculated. The input radius is 8.46 mm, and the output radius is 23 mm.

The length of the converter L is 38.2 mm. Considering fabrication, the corrugation width

is selected as 0.8 mm, whereas the slot width is set to 1.2 mm. The equations used in the

design are provided below [19], and the mode converter is shown in Figure 2.2.

In Equation (2.1), the aj,MC(z) is employed to compute a location along the mode

converter where the radius is . After numerous trials with different profile shapes in the
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mode converter, it is concluded that the hyperbolic profile is the most suitable profile for

this design. In this formula, j represents the current slot. The variable z is obtained by

multiplying each slot by the pitch. In this design, the pitch is 2 mm, and L represents the

length. In Equation (2.2), dj,MC is the expression employed to calculate the slot depth in

the variable-depth mode converter. Since the slot depth is required to be within the range

of 0.4 to 0.5, the percentage factor σMC for the first slot depth is selected as 0.43. NMC is

17, and K is denoted as the correction factor. The wavelength corresponding to the center

frequency is represented by λc. The correction factor is defined in Equation (2.3), where

kc defines the wavenumber corresponding to the center frequency [19].

aj,MC(z) =

√
a 2
i,MC +

( z
L

)2 (
a 2
o,MC − a 2

i,MC

)
(2.1)

dj,MC =

(
σMC − j − 1

NMC

(
σMC − 0.25K

))
λc (2.2)

K = exp

[
1

2.114
(
kc aj,MC(z)

)1.134
]

(2.3)

In this design, both broadband and dual-band corrugated horn antenna design ap-

proaches are investigated [19]. The most important performance criterion for the corru-

gated horn design presented herein is the Cross-polarization Discrimination (XPD) speci-

fication of better than 30 dB. The main parameters determining both the radiation pattern

symmetry and the cross-polarization performance are the corrugation depths, their vari-

ation along the antenna, and the antenna profile [19]. The antenna section is electrically

long, which facilitates the design to some degree. Cross-sectional view of the final corru-

gated horn and mode converter is presented in Figure 2.2.
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Figure 2.2: Corrugated Horn Antenna and Radial Mode Converter.

For the corrugation depths in the design, alternative methods presented in the lit-

erature are examined [19, 20, 21]. Consequently, the average of the two different cor-

rugation depths determined as if designing separate corrugated horn antennas for the Rx

and Tx bands is taken, and slight optimization is performed based on this. During this

design, several parameters are employed, including the lowest operating frequency fmin,

the highest operating frequency fmax, the center frequency, the output frequency, the in-

put radius ai,hr, the output radius ao,hr, the depths of the slots dj,hr, the corrugated horn

antenna length L, the total number of corrugations Nhr, and the profile. The corrugated

horn antenna design is performed based on these parameters, utilizing the formulas from

[19], which are provided below.

In order to calculate the center frequency, both the Tx and Rx bands are considered
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in this design. For fmin, 17.7 GHz is utilized for the Tx band and 27.5 GHz for the Rx

band. For fmax, 20.2 GHz is employed in the Tx band and 30 GHz in the Rx band.

This can be seen in Equation (2.4). fo is the output frequency, and the corresponding

expression is shown in Equation (2.5). So as to compute both the wavelength of the

center frequency and the wavelength of the output frequency, Equation (2.6) and Equation

(2.7) are used. Since a linear surface profile is selected to design the corrugated horn

antenna, Equation (2.8) is obtained by calculating the corrugated horn antenna’s input

and output radii, length, and z parameters. In order to determine the slot depth of this

antenna, Equation (2.9) is employed, which includes the surface profile, wavelength, and

wavenumber [19].

fc =
√

fmin fmax (2.4)

fo = 1.025 fc (2.5)

λc =

(
c

fc

)
, kc =

2π

λc

(2.6)

λo =

(
c

fo

)
, ko =

2π

λo

(2.7)

aj,hr(z) = ai,hr +
(
ao,hr − ai,hr

) z
L

(2.8)

dj,hr =
λ

4
exp

[
1

2.114
(
k aj,hr

)1.134
]

(2.9)

Since there are two different frequency bands in this design, many of the formulas

employed are calculated separately for both Rx and Tx bands. In this thesis, the formulas

are not expressed separately for Rx and Tx; they are presented in a generalized form as an
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example of the formulas employed. As a result, even though the same parameter names

are used for both the corrugated horn antenna and the mode converter, the calculations are

different.

The total number of corrugations is 72. The corrugation depth decreases from

half a wavelength at the input of the mode converter to a quarter of a wavelength along

the structure [19]. The corrugated horn antenna profile is linear, and the flare angle of the

linear profile is kept within 10-15 degrees to reduce mode conversion within the antenna

[6, 19].

Figure 2.3 presents both return loss and cross-polarization discrimination of the

horn with the mode converter. The return loss is better than 25 dB, and the cross-

polarization discrimination is over 39 dB across the entire frequency range.

Co-polar and cross-polar radiation patterns are analyzed at 0.5 GHz intervals in

both frequency bands. Figures 2.4 and 2.8 present Tx co-polarized gain patterns for both

RHCP and LHCP polarizations, respectively, in ϕ = 0◦, 45◦, 90◦ planes. Figures 2.6

and 2.10 present Rx co-polarized patterns in the same planes. Tx and Rx co-pol gain is

approximately 27.5 and 29.5 dBi, respectively. The back lobe level across all co-polar

radiation patterns is nearly 50 dBc across both bands, and the sidelobe level is better than

the target value of 30 dBc.

Figures 2.5 and 2.9 present Tx cross-polarized gain patterns for both RHCP and

LHCP polarizations, respectively, in ϕ = 0◦, 45◦, 90◦ planes. Figures 2.7 and 2.11 dis-

play the same curves for the Rx RHCP and LHCP polarizations, respectively. These four

figures clearly show the excellent cross-polarization discrimination of the corrugated horn

in all ϕ planes.
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(a)

(b)

Figure 2.3: (a) Return Loss and (b) XPD of the Corrugated Horn and Mode Converter.
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Figure 2.4: Tx Co-polarized (RHCP) Radiation Patterns.
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Figure 2.5: Tx Cross-polarized (RHCP) Radiation Patterns.
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Figure 2.6: Rx Co-polarized (RHCP) Radiation Patterns.
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Figure 2.7: Rx Cross-polarized (RHCP) Radiation Patterns.

21



Figure 2.8: Tx Co-polarized (LHCP) Radiation Patterns.
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Figure 2.9: Tx Cross-polarized (LHCP) Radiation Patterns.
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Figure 2.10: Rx Co-polarized (LHCP) Radiation Patterns.
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Figure 2.11: Rx Cross-polarized (LHCP) Radiation Patterns.
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2.2 Feed Network

2.2.1 Circular-to-Square Waveguide Transition

A circular-to-square waveguide transition is used between the radial mode con-

verter and the six-port ortho-mode junction. This waveguide transition is implemented

employing a lofted geometry between a circular waveguide and a square waveguide. The

circular waveguide is matched to the input of the radial mode converter, whereas the

square waveguide interface of this design is compatible with the six-port OMJ. This ap-

proach facilitates a gradual transition, which enhances impedance matching and reduces

excitation of higher-order waveguide modes. The vacuum model of the structure is shown

in Figure 2.12.

Figure 2.12: Vacuum Model of the Circular-to-square Waveguide Transition.

As shown in Figure 2.13, the transition presents a return loss exceeding 50 dB. The

primary goal in the design of this circular-to-square waveguide transition is to minimize

return loss while minimizing mode conversion within the circular-to-square waveguide

transition. This approach aims to reduce losses that may degrade the cross-polarization

discrimination. The square section of this component, namely Port 1, is connected to
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the six-port OMJ, while Port 2 is connected to the radial mode converter. Mode #7 at

Port 2 corresponds to TM11, while at Port 2, mode #9 represents TE31 [22]. These

two modes are presented because they can be easily excited in the transition. Insertion

loss exceeding 30 dB for these (and all other higher-order modes) ensures minimal mode

conversion losses in the circular-to-square waveguide transition.

(a) (b)

Figure 2.13: (a) Return Loss of TE11 Mode of the Circular-to-square Waveguide Transi-

tion (b) Insertion Loss of TM11 (Red) and TE31 (Blue) Modes.

2.2.2 Six-port Ortho-mode Junction

An OMJ is a passive component employed to combine or separate two signals

transmitted in orthogonal polarizations [9]. The signal in the Tx and Rx bands is diplexed

within this section [7]. It also plays an efficient role in achieving dual circular polariza-

tion [11]. This design uses rectangular waveguides with different dimensions. To ensure

proper separation of the signals received from the antenna, the cutoff frequency should
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be less than 17.7 GHz for the low-frequency band and less than 27.5 GHz for the high-

frequency band. The fundamental mode must be supported at the lowest frequency, while

higher-order modes must be suppressed at the highest frequency [7]. Parameter calcula-

tions are carried out based on these requirements.

Figure 2.14 presents a detailed view of the component. Port 1 is the square section

connected to the circular-to-square waveguide transition. The arm ports are labeled Port

2, Port 3, Port 4, and Port 5. Ports 2 and 4, and likewise Ports 3 and 5, are positioned

opposite each other. Port 6 is where the connection to the high-band septum is made. The

Tx signals (two polarizations) arriving from the four arms are combined at the six-port

OMJ. The arms of the six-port OMJ comprise three stepped waveguide sections. The iris,

narrowest of the three sections, plays an essential role in coupling the Tx signal from the

arms to the six-port OMJ. Blends have also been applied to the rectangular waveguide,

with a radius of 0.6 mm. The iris and its adjacent structures are designed such that their

combined length is at least 6.25 mm to ease fabrication. Waveguide width and height of

the arms are 9.4 mm and 3 mm, respectively. The Rx band signal propagates from the

circular-to-square transition into the six-port OMJ and straight through Port 6 to the Rx

septum polarizer.
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(a) (b)

Figure 2.14: (a) Perspective and (b) Cross-sectional View of Vacuum Model of the Six-

port OMJ.

As shown in Figure 2.15, the return loss of the six-port OMJ is greater than 20

dB in both Tx and Rx bands. S31 of this structure is 3 dB, and the S61 value is 0 dB, as

illustrated in Figure 2.15, because while the signals operating in the low-frequency band

coming from the arms are combined in the six-port OMJ, the signals in the high-frequency

band propagate straight to the septum polarizer.
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(a) (b)

Figure 2.15: (a) Return Loss of the Dominant Mode at Port 1 of the Six-port OMJ (b)

Insertion Loss from Port 1 to Port 3 (One of the Low-band Arms, Red) and Port 6 (High-

band Interface, Dashed Blue).

2.2.3 Waveguide Low-pass Filters

In this design, corrugated waveguide low-pass filters are employed on the four Tx

arms of the feed network to prevent high-frequency signals from leaking into the low-

frequency section of the feed [23]. The filters are designed considering the maximum

passband frequency, return loss, insertion loss, out-of-band rejection level, and the stop-

band lower limit [24].

In this structure, a total of eight waveguide low-pass filters of two distinct geome-

tries are employed to prevent high-frequency signals that can leak into the low-frequency

arms of the six-port ortho-mode junction. Four of the eight filters are placed immediately

after the arms of the six-port ortho-mode junction to suppress resonances that may occur

within the six-port OMJ. These filters, consisting of 9 sections, are slightly smaller than
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the remaining four, with a length of 21.36 mm. This approach reduces the occupied space

while effectively suppressing resonances. The vacuum model of the filter is illustrated in

Figure 2.16. Figure 2.17 presents the scattering parameters of these filters. The cutoff

frequency is 23.5 GHz, and the out-of-band rejection level is better than 20 dB in the

27.5-31 GHz range, and return loss is above 30 dB.

(a) (b)

Figure 2.16: Vacuum Models of the Corrugated Waveguide Low-pass Filter with (a) 9

Sections, (b) 13 Sections.

The remaining four filters facilitate most of the out-of-band isolation of the overall

feed network. They comprise 13 sections and are 24.62 mm long. The vacuum model of

this filter design is also depicted in Figure 2.16. As illustrated in Figure 2.17, return loss

is in excess of 30 dB. Similar to the other waveguide low-pass filter, the cutoff frequency

is 23.5 GHz, and the out-of-band rejection level exceeds 50 dB in the 27.5-31 GHz range.
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(a) (b)

Figure 2.17: Return Loss and Insertion Loss of the Waveguide Low-pass Filter with (a) 9

Sections, (b) 13 Sections.

2.2.4 Five-port Ortho-mode Junction

The five-port OMJ includes a combination of rectangular waveguides with vary-

ing dimensions, similar to the six-port OMJ. Two linear Tx polarizations from the Tx

septum polarizer are split into four arms in the five-port OMJ. Thereby, this compo-

nent effectively acts as a turnstile-type power divider [7]. As in the six-port OMJ, the

five-port OMJ is symmetric, and identical results are obtained from the opposite ports.

The interface between the structure and the low-band septum polarizer is square-shaped.

Figure 2.18 demonstrates a detailed illustration. A blend with a radius of 0.6 mm is em-

ployed. The distance between the square-shaped interface and the rectangular waveguide

is maintained at approximately 1 mm to avoid excessively narrow spacing. The total

length of a section of the iris extending from the square-shaped interface and the adjacent

rectangular waveguide is adjusted to 4.78 mm.
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(a) (b)

Figure 2.18: (a) Perspective and (b) Cross-sectional View of Vacuum Model of the Five-

port OMJ.

As shown in Figure 2.19, the return loss exceeds 30 dB, and the insertion loss is

approximately 3 dB. These results confirm the structural symmetry and indicate that the

opposite ports are identical.
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(a) (b)

Figure 2.19: (a) Return Loss of the Dominant Mode at Port 1 of the Five-port OMJ (b)

Insertion Loss of the Five-port OMJ.

2.2.5 Septum Polarizers

Two separate septum polarizers for the Tx and Rx bands have been designed.

These septum polarizers are employed to generate circular polarization. Septum polar-

izers contain a septum waveguide with a square-shaped front section, a multi-step con-

ductive septum, and a section designed for the LHCP and RHCP ports [25]. Specific pa-

rameters are considered during the design of septum polarizers. These consist of septum

thickness, the lengths of the steps, the gaps between the steps, and the internal dimensions

of the waveguide.

The vacuum model of the high-band septum polarizer is shown in Figure 2.20. As

shown in Figure 2.21, the return loss is over 30 dB. The magnitude difference between

the TE10 and TE01 modes is observed to be nearly zero, as shown in Figure 2.22. Also

displayed in the same figure is the phase deviation between the two output modes, which
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is seen to be within ±2.5° in the Rx band.

(a) (b)

Figure 2.20: (a) Perspective, (b) Cross-sectional View of Vacuum Model of the Rx Septum

Polarizer.

Figure 2.21: Return Loss in dB vs. Frequency of the Rx Septum Polarizer.
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(a) (b)

Figure 2.22: (a) Magnitude and (b) Phase Difference Between TE10 and TE01 Modes at

the Rx Septum Polarizer Output.

The low-band septum polarizer has been designed in the same manner. Figure 2.23

presents the structure of the low-band septum polarizer. The return loss of this septum

polarizer can be seen in Figure 2.24. The magnitude difference is also nearly 0 dB as a

high-band septum polarizer, which is shown in Figure 2.25. In the same manner as the

other, the phase deviation is reduced to about ±4° as illustrated in Figure 2.25. The square

section of the low-band septum polarizer has a side length of 9.62 mm and a length of

30.12 mm. For the high-band septum polarizer, the square section measures 6.4 mm on

each side and has a length of 22.68 mm.
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(a) (b)

Figure 2.23: (a) Perspective, (b) Cross-Sectional View of Vacuum Model of the Tx Septum

Polarizer.

Figure 2.24: Return Loss in dB vs. Frequency of the Tx Septum Polarizer.
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(a) (b)

Figure 2.25: (a) Magnitude and (b) Phase Difference Between TE10 and TE01 Modes at
the Tx Septum Polarizer Output.

2.2.6 H-plane Bends

Tx signals, split in the five-port OMJ, are guided toward the H-plane bends, fil-

tered through the waveguide low-pass filters, subsequently combined in the six-port OMJ,

transition through the circular-to-square waveguide transition, and are eventually trans-

mitted to the antenna section. It is employed for changing the direction of wave prop-

agation in the waveguide. The bends are designed in a stepped manner, including three

discrete steps. At each step, blends with a radius of 0.6 mm are used as part of the design.

Figure 2.26 describes the H-plane bend designed before the waveguide low-pass filter

with fewer sections. As shown in Figure 2.26, the return loss is greater than 35 dB.
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(a)

(b)

Figure 2.26: (a) Vacuum Model and (b) Return Loss of the H-plane Bend.

2.2.7 Adapters

Adapters are designed to convert the septum polarizer ports to standard waveg-

uide dimensions. These waveguide structures are integrated at the input ports of both

the Tx and Rx bands, symmetrically added to the LHCP and RHCP ports of the septum

polarizers.

Rectangular waveguides with incrementally stepped dimensions are designed for
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adapters. A WR34 standard waveguide is used for the Rx band, while a WR51 standard

waveguide is employed for the Tx band. Vacuum models of the two adapters are pro-

vided in Figure 2.27. Return and insertion loss graphs for the adapters are displayed in

Figure 2.28. Both adapters exhibit greater than 30 dB return loss.

(a) (b)

Figure 2.27: Vacuum Models of (a) WR34 Rx and (b) WR51 Tx Septum Adapters.
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(a)

(b)

Figure 2.28: Return Loss of (a) WR34 Rx and (b) WR51 Tx Septum Adapters.
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3. RESULTS OF THE INTEGRATED SYSTEM

As stated in Chapter 2, the components are designed individually and optimized

through iterative refinements until the design targets are obtained. In this chapter, the

integrated system and its simulation results are discussed. This design features four ports,

two for the Tx band (Port 5 and Port 6) and two for the Rx band (Port 3 and Port 4).

The results at these ports represent the key performance metrics: return loss, port-to-port

isolation, Tx-Rx isolation, sidelobe level, and cross-polarization discrimination. Since

this is a feed network and antenna design, the radiation patterns are also analyzed in

detail. The results are sequentially illustrated and explained in independent sections. The

entire system dimensions are smaller than 110 x 110 x 360 mm³, and its Computer-Aided

Design (CAD) design is presented in Figure 3.1.

In the beginning, the components of the feed network and antenna sections are

integrated to analyze the performance of the complete system. During the integration

process, several challenges are encountered. The first of these challenges results from

the initial design and return loss of the six-port OMJ, which affected the in-band isola-

tion. In order to achieve the target performance, namely 20 dB in both Tx and Rx bands,

especially close to the edges of the frequency range in the extended Ka-band, numerous

optimization iterations are carried out. Modifications are made to the six-port OMJ com-

ponent and the circular-to-square waveguide interface to provide proper integration of the

components. In the first six-port OMJ design, the circular waveguide is employed as Port

1; nevertheless, with the implemented design alterations, this circular waveguide is re-

moved, and the component reached its final design. Another challenge is caused by the

septum polarizer designed for the Tx band. When this septum polarizer is integrated into

the feed network and simulated, the RF performance for both LHCP and RHCP, in terms

of XPD, decreases to the target of 30 dB. The purpose of XPD is to observe the difference

between the co-pol and cross-pol of the system [5]. This is due to the phase difference.
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More precisely, this occurred in the Tx band between 19.7-21.2 GHz and in the Rx band

between 30.5-31 GHz. In order to fulfill the target values, several optimizations are per-

formed on this component, and the feed network is re-simulated after each optimization.

This process is repeated many times to reach the final design.
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Figure 3.1: CAD Model of the Complete System.
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3.1 Scattering Parameters

In this scattering parameters section, the integrated antenna-feed model is exam-

ined in terms of RF performance metrics, including return loss, port-to-port isolation, and

Tx-Rx isolation.

Return loss is a crucial parameter quantifying how much of the signal is reflected

back from the system. For both the Tx and Rx bands, the return loss is above 30 dB,

namely, the system has low reflected power. The return loss of both the Tx and Rx bands

are shown in Figure 3.2.

Preserving isolation across the whole system is significant to prevent signal leak-

age within the same bands, and it emerges as one of the key performance metrics. In both

frequency bands, the in-band isolation exceeds 20 dB, demonstrating that there is minimal

leakage between the adjacent ports. The in-band isolation of both the Tx and Rx bands

are depicted in Figure 3.3.

The receiver operates over the frequency range of 27.5-31 GHz, and for proper

system performance, signals within this band must be received while signals outside or

near this range should be effectively rejected. This can be analyzed by examining the

out-of-band isolation of the system. Although the system operates in dual-band, protect-

ing and monitoring the receiver is particularly crucial, as inadequate isolation can result

in performance degradations, including link failure, wideband noise interference, and re-

duced operational range. Since the system operates in dual-band, there must be adequate

isolation between the Tx and Rx ports to prevent any signal leakage. As shown in Fig-

ure 3.4, the Tx-Rx isolation in the Tx band is above 80 dB up to 20.7 GHz, but decreases

to 63 dB at 21.2 GHz, whereas in the Rx band, it exceeds 80 dB.
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(a)

(b)

Figure 3.2: (a) Return Loss of the Tx Band and (b) Return Loss of the Rx Band.
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(a)

(b)

Figure 3.3: (a) In-band Isolation of the Tx Band and (b) In-band Isolation of the Rx Band.
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Figure 3.4: Tx-Rx Isolation of the Integrated System.

3.2 Radiation Patterns

In this section, the sidelobe level and XPD, which are the other performance met-

rics of the integrated antenna and feed network, are introduced. Subsequently, the radia-

tion patterns of the overall system are analyzed for each port.

In addition to the sidelobe level, cross-polarization discrimination, and radiation

pattern results, efficiency-related results, as well as the transmission coefficient, are also

examined. Both radiation efficiency and total efficiency are analyzed using the linear

values after integrating the entire structure.

By analyzing the amplitude levels of the sidelobes in the designed antenna, the
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level compared to the signal propagating in the main lobe is examined. The sidelobe

level of the Tx band is below -31.3 dBc, which is illustrated in Figure 3.5. As shown in

Figure 3.5, the sidelobe level of the Rx band is below -32 dBc.
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(a)

(b)

Figure 3.5: (a) Sidelobe Level of the Tx Band and (b) Sidelobe Level of the Rx Band.
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Since a high-quality polarization is aimed for, cross-polarization discrimination

plays a significant role in antenna design. The aim of XPD is to measure the difference

between co-pol and cross-pol [5]. As can be observed in Figure 3.6, the cross-polarization

discrimination exceeds 30 dB for both frequency bands. A cross-polarization discrimina-

tion exceeding 30 dB is not commonly observed in the literature, which also demonstrates

good polarization purity and proper transmission of the signals.

Figure 3.6: Cross-polarization Discrimination of the Integrated System.

As stated earlier, the results for the Rx band are examined using Port 3 and Port

4, while those for the Tx band are evaluated using Port 5 and Port 6. LHCP is generated

at Port 3, whereas RHCP is generated at Port 4 in the Rx band. While RHCP is produced

at Port 5, LHCP is produced at Port 6. The radiation pattern results are presented at
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the operating frequency with 250 MHz intervals. The co-polarized radiation patterns

of Port 3 are depicted in Figure 3.7. The co-polarized radiation patterns of Port 4 are

shown in Figure 3.9. The radiation pattern is nearly identical across the Rx band and

circularly symmetric, yielding excellent cross-polarization discrimination exceeding 30

dB. The gain exceeds 26 dBi, with no noticeable sidelobe or back lobe variation. The

cross-polarized radiation patterns of Port 3 are demonstrated in Figure 3.8. In Figure 3.10,

the cross-polarized radiation patterns of Port 4 can be observed.

Likewise, the co-polarized radiation patterns of Port 5 indicate the same charac-

teristics, with a gain exceeding 24 dBi, with no perceptible sidelobe or back lobe change

as can be observed in Figure 3.11. Additionally, the co-polarized radiation patterns of

Port 6 can be seen in Figure 3.13. The cross-polarized radiation patterns resulting from

Port 5 are shown in Figure 3.12. The result corresponding to Port 6 operating within the

Tx band is illustrated in Figure 3.14.

Radiation efficiency shows the fraction of the power accepted by the antenna that

is converted into radiated power and is affected by the losses of the conductor and the

tolerances of the corrugated horn antenna. It is used to analyze antenna performance

in isolation. Return loss is not included in the calculation of radiation efficiency. The

radiation efficiency of Port 3 and Port 4 is approximately 0.96, while the values for Port 5

and Port 6 are close to 0. This reduction in efficiency for Tx ports is due to the integration

of the entire structure and the resulting loss of conductors in the aluminum components.

These results exhibit the high performance of the system.

Total efficiency represents the fraction of the input power applied to the antenna

that is actually radiated. Unlike radiation efficiency, return loss is included in its calcu-

lation and accounts for losses in both the antenna and the feed network. It is used to

examine the real efficiency of the entire system. The total efficiency of Port 3 and Port 4

is approximately 0.958, while the values for Port 5 and Port 6 are close to 0.
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In this system, the transmission coefficient indicates the ratio of power transmitted

from one port to another. When evaluated on a linear scale, the total efficiency of a port

is closely correlated and consistent with its transmission coefficient. The total efficiency

results are also calculated using the logarithmic formula to analyze losses in dB, showing

that the loss is below -0.2 dB, namely, the structure exhibits minimal power loss.

53



Figure 3.7: Rx Co-polarized (LHCP) Radiation Patterns at Port 3.
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Figure 3.8: Rx Cross-polarized (RHCP) Radiation Patterns at Port 3.
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Figure 3.9: Rx Co-polarized (RHCP) Radiation Patterns at Port 4.
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Figure 3.10: Rx Cross-polarized (LHCP) Radiation Patterns at Port 4.
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Figure 3.11: Tx Co-polarized (RHCP) Radiation Patterns at Port 5.

58



Figure 3.12: Tx Cross-polarized (LHCP) Radiation Patterns at Port 5.
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Figure 3.13: Tx Co-polarized (LHCP) Radiation Patterns at Port 6.
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Figure 3.14: Tx Cross-polarized (RHCP) Radiation Patterns at Port 6.
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4. CONCLUSIONS

A compact, dual-circular Ka-band SATCOM payload with excellent electrical per-

formance is introduced in this thesis. Corrugated horn antenna, radial mode converter,

circular-to-square waveguide transition, a six-port OMJ, two different waveguide low-

pass filters, two different H-plane bends, a five-port OMJ, septum polarizers, and adapters

are designed for small geostationary satellite applications. The specified components are

first designed individually, then optimized, and finally combined and analyzed to deter-

mine their ability to meet the desired performance targets. Consequently, an antenna-feed

model operating in the extended Ka-band and enabling dual circular polarization is devel-

oped for use in SATCOM applications.

Critical parameters for this design are operating frequencies, minimum and max-

imum gain, sidelobe level, polarization, cross-polarization discrimination, port-to-port

isolation, Tx-Rx isolation, return loss, interface, and dimension. In Table 4.1, the RF per-

formance is compared with the design specifications. When analyzing Table 4.1, it can be

observed that the parameter values achieved in the design differ only negligibly from the

defined target values. WR34 standard waveguide is employed for the receiver frequency

band, whereas WR51 standard waveguide is used for the transmitter frequency band. The

antenna features a compact footprint of 110 x 110 x 360 mm³. The radiation pattern re-

mains practically identical across two operating frequency bands. The radiation pattern

is circularly symmetric, achieving excellent cross-polarization discrimination higher than

30 dB. The results represent that a compact structure operating within this dual frequency

range and having this level of performance is a crucial contribution to the field. The de-

sign has been finalized in a form suitable for fabrication, along with simulation results.

Radii and blends have been integrated into the components.

During the design process of the components employed in this thesis, the potential

structural implementations of each component are observed. Hence, the design approach
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Table 4.1: Design Specifications and the RF Performance Results.

Parameter Specifications Simulation Results
Operating Frequency 17.7-21.2 GHz for Tx,

27.5-31 GHz for Rx
17.7-21.2 for Tx, 27.5-
31 GHz for Rx

Polarization RHCP & LHCP RHCP & LHCP
Minimum Gain 21 dBi for Tx, 23.3 dBi

for Rx
21.1 dBi for Tx, 23.8
dBi for Rx

Maximum Gain 23.3 dBi for Tx, 26.8
dBi for Rx

23.9 dBi for Tx, 26.5
dBi for Rx

Sidelobe Level < −30 dBc < −31.3 dBc
Cross-Polarization
Discrimination

≥ 30 dB (over EOC) ≥ 30 dB (over EOC)

Return Loss > 30 dB (for each port) > 30 dB (for each port)
Port-to-port Isolation > 20 dB (over EOC) > 20 dB (over EOC)
Tx-Rx Isolation > 80 dB > 63 dB

is guided not by operating frequency alone but by analyzing the design and performance

characteristics of similar components examined in previous works. By comparing the

overall system with existing state-of-the-art designs in Table 4.2, the analysis of the con-

tributions and promising advancements presented by this thesis is conducted.

When reviewing the studies conducted in this field, one of the first comparable

systems encountered a similar feed network structure operating in the same frequency

range, even though the Tx and Rx bands are switched. Its RF performance also shows

certain similarities, for instance, the return loss exceeding 30 dB when the corrugated horn

antenna is integrated into the system [7]. Nevertheless, there is an important difference in

terms of Tx-Rx isolation and port-to-port isolation. In this thesis, the Tx-Rx isolation is

over 63 dB, whereas the port-to-port isolation is better than 20 dB.

In another feed network design, the operating frequency range is the same band

but over a narrower range, especially 19.25-20.75 GHz and 27-29 GHz, which shows
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structural differences compared to the design introduced in this thesis [10]. Both its re-

turn loss, port-to-port isolation, and cross-polarization discrimination are higher than that

achieved in the current design.

In the design by Hong et al. [12], the system operates in 17.7-20.2 GHz for the Tx

band and 27.5-30 GHz for the Rx band. It includes a horn, a Tx/Rx polarizer network, and

OMJ, including a diplexer. In addition, this design supports dual circular polarization, and

its return loss is over 25 dB, and its port-to-port isolation is above 21 dB, with the mea-

surement and simulation results being similar. When compared to the design introduced

in this thesis, the performance remains at a lower level.

In Gong et al. [14], the extended Ka-band is not covered, but it provides dual

circular polarization. Return loss is better than 30 dB, and port-to-port isolation exceeds

19 dB. This again emphasizes that the extended frequency ranges and the achieved per-

formance in this thesis present a distinct improvement within this field.

Table 4.2: Comparison of This Design with State-of-the-art Dual Circular Polarization
Designs.

Parameter [7] [10] [12] [14] This work
Frequency
[GHz]

17.7-21.2,
27.5-31

19.25-20.75,
27-29

17.7-20.2,
27.5-30

17.7-20.2,
27.5-30

17.7-21.2,
27.5-31

XPD N/A > 35 dB N/A N/A ≥ 30 dB
Return
Loss

> 30 dB > 30 dB > 25 dB > 30 dB > 30 dB

Port-to-
port Iso.

> 18 dB > 22 dB > 21 dB > 19 dB > 20 dB

Tx-Rx Iso. > 100 dB N/A > 55 dB > 75 dB > 63 dB

A revision can be made to the 13-section waveguide low-pass filter designs in

order to increase the out-of-band isolation in both the Tx and the Rx bands as required.

Therefore, a Tx-Rx isolation exceeding 80 dB, or even around 100 dB, can be achieved in
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both bands, similar to the literature. This modification does not necessitate this structure

expanding and is, in fact, not a significant alteration.

As future work, it could be proposed to compare simulation outcomes with the

fabricated results, to further compact the integrated antenna-feed model, to alter the design

to function across a wider Ka-band frequency band, to integrate two separate frequency

bands, for example, X and K, within the same structure, to enable their use in various

space applications, or to implement advanced materials and manufacturing techniques for

this design [26, 27, 28].

In conclusion, in most studies described in the literature, radial mode converters

are not used in such a system, or a smaller number of low-pass filters is used, which

can be considered a novel aspect. The design presented in this thesis improves previous

works by providing a dual circularly polarized and dual-band system operating over the

same frequency range, while extending to the Ka-band. Moreover, by achieving a good

performance level, the system accomplishes a cross-polarization discrimination exceeding

30 dB, representing a crucial contribution to the literature. As a result, a compact and good

performance design suitable for SATCOM applications has been realized.
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