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Abstract: This paper presents the design, fabrication, and analysis of a novel turnstile 

junction-based wideband orthomode transducer (OMT) for Ka-band satellite 

communication (SATCOM) systems. The proposed OMT integrates a four-stepped 

cylindrical tuning stub along with optimized E-plane and H-plane bends and an 

advanced power combiner, significantly enhancing impedance bandwidth, minimizing 

return loss, and improving polarization isolation-crucial for dual-polarized 

communication. The incorporation of this stepped tuning strategy provides improved 

broadband impedance transformation, enabling wide bandwidth operation, low insertion 

loss, and strong polarization isolation within a manufacturable architecture. 

Experimental validation demonstrates excellent performance, achieving a return loss 

better than -30 dB over 17 GHz to 34.6 GHz, isolation exceeding -60 dB, and a low 

insertion loss of less than 0.18 dB, with a fractional bandwidth of 68.21%. The measured 

results closely align with simulations, with minor discrepancies attributed to fabrication 

tolerances. Compared to conventional OMTs, the proposed structure offers superior 

electrical characteristics, reduced insertion loss, and improved polarization purity, 

making it a highly efficient and scalable solution for next-generation Ka-band SATCOM 

applications. 

Keywords: Ortho Mode Transducer (OMT), turnstile junction, Ka-band SATCOM, 

Isolation, Return loss, Insertion loss. 

1 1Introduction 

Satellite communication (SATCOM) has become a 

critical component of global connectivity, supporting 

applications such as broadband internet, television 

broadcasting, and secure military communications [1], 

[2], [3]. With the growing demand for higher data rates, 

SATCOM systems are increasingly shifting to higher 

frequency bands, particularly the K-/Ka-band (17.7–21.2 

GHz downlink, 27.5–31 GHz uplink), which offer 

enhanced power efficiency and spectrum availability [4], 

[5]. However, operating at these frequencies presents 

challenges such as increased free-space loss, 

atmospheric attenuation, and interference, necessitating 

advanced system design for reliable communication [6], 

[7]. A key component in Ka-band SATCOM systems is 
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the Orthomode Transducer (OMT), which enables 

efficient polarization separation in dual-polarized 

systems, minimizing crosstalk and optimizing signal 

integrity. The OMT plays a crucial role in improving 

bandwidth, reducing insertion loss, and ensuring high 

polarization isolation factors essential for high-capacity, 

interference-free communication [8], [9]. This paper 

presents a novel turnstile junction-based OMT with an 

optimized tuning stub, designed to enhance impedance 

bandwidth, reduce signal reflection, and achieve superior 

performance for next-generation SATCOM applications. 

One of the earliest OMT configurations, introduced in 

the 1956s [10], utilized a side-coupled waveguide with a 

longitudinal slot, laying the foundation for modern OMT 

designs. Over time, OMTs have become integral to 

front-end feed systems requiring dual polarization [11], 

ensuring efficient signal separation with minimal 

interference. Various standard waveguide-based OMT 

configurations have since been widely implemented, 

particularly in millimeter-wave receivers for radio 

astronomy applications, where high isolation and low-

loss performance are critical [12], [13]. Among the most 

recognized designs are the Boifot junction [14], [15], 
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[16], turnstile junction [4], [17], [18], [19], [20], [21], 

[22], [23], [24] and reverse-coupling structures [25], 

[26], each offering distinct operational characteristics. 

Moreover, [18] demonstrated excellent isolation and 

return loss across the K-band. However, its turnstile 

junction, composed of four intersecting blocks along the 

circular waveguide axis, poses alignment challenges, 

making it difficult to scale at higher frequencies. To 

overcome this, we propose a three-block stacked design, 

simplifying fabrication while maintaining superior 

performance. A key advancement in our design is the 

separate examination and optimization of the transmit 

and receive chains, ensuring tailored impedance 

matching and minimal signal degradation in each path. 

The transmit chain is engineered to maximize power 

transfer while minimizing reflection losses, whereas the 

receive chain is optimized for high isolation and low 

noise, preserving signal integrity. This refined approach 

enables precise machining of the waveguide’s 

cylindrical input and the newly integrated matching stub. 

Utilizing CNC milling, our design achieves high 

structural accuracy and robustness, making it highly 

suitable for high-frequency SATCOM applications. 

Recent advancements in millimeter-wave OMT 

designs have extended bandwidth capabilities, 

surpassing standard frequency allocations [16], [27]. 

However, their performance remains limited by the 

single-mode bandwidth constraint of conventional 

waveguides. For instance, [27] demonstrates a quasi-

octave bandwidth (10–20 GHz) with a three-layer OMT, 

achieving a return loss of 25 dB, an insertion loss of 0.2 

dB, and isolation of 50 dB. In comparison, the OMT 

proposed in this study outperforms these results by 

incorporating improved E, H, power combiners (E plane 

Tee) along with a new matching stub, which further 

enhances bandwidth, reduces reflection, and improves 

polarization isolation. This innovative approach allows 

for better overall performance, making the proposed 

OMT highly suitable for high-performance millimeter-

wave applications.  

In another design, a subset of Boifot-based OMTs, 

such as double-ridge waveguide OMTs [16], [28], [29], 

employs an internal double-ridge waveguide step 

transition. This configuration functions as a partial 

septum for one polarization while acting as a reduced-

height waveguide transition for the other. Though 

compact and proven, this design restricts the ridges to 

the interior section while retaining standard waveguide 

profiles elsewhere for machinability. Consequently, its 

bandwidth remains confined to the single-mode limit of 

traditional waveguides.  

Furthermore, planar OMTs have been employed at 

millimeter-wave frequencies to realise octave-spanning 

bandwidths, particularly in applications requiring on-

chip integration, such as kinetic inductance detectors 

[30], [31], [32]. However, when a purely waveguide-

based solution is necessary for lower losses and 

independent component testing, quad-ridge waveguide 

OMTs become essential for achieving bandwidths 

exceeding an octave. While extremely broadband quad-

ridge OMTs have been developed using coaxial probes 

coupled. 

with quad-ridge feed horns, fabrication challenges 

arise at frequencies beyond 10 GHz due to the stringent 

tolerance requirements [31], [33], [34], [35]. 

Additionally, some quadridge OMTs leverage turnstile 

junctions to enhance performance, as demonstrated in 

certain designs operating between 1.7–5.8 GHz [35]. 

However, maintaining precise mechanical clearances 

between features, such as ridges, turnstile stubs, and 

waveguide walls, poses significant manufacturing 

complexities. 

Further advancements in turnstile-based quad-ridge 

OMTs have extended operational frequency ranges from 

6-19 GHz to as high as 18–45 GHz [36], [37]. Some 

designs have incorporated modular assembly techniques, 

where the OMT body is fabricated in multiple segments 

to facilitate CNC machining. These approaches, while 

effective, introduce challenges in ensuring structural 

integrity, minimizing assembly-related losses, and 

maintaining tight tolerances at millimeter-wave 

frequencies. Similarly, commercially available wideband 

OMTs using WRD650 waveguides have demonstrated 

high insertion losses and manufacturing difficulties [8], 

[38]. 

Several high-performance turnstile-based OMTs have 

been reported in the literature, including the 

conventional design of [18], the three-layer platelet 

configuration of [27], and the quad-ridge 

implementation of [23]. In comparison, the present work 

adopts a multi-step cylindrical tuning structure and 

optimized stepped H-plane and E-plane transitions to 

enhance broadband impedance matching within standard 

waveguide operation for Ka-band SATCOM 

applications. Unlike ridge-based approaches, the 

proposed design maintains structural simplicity while 

achieving wide fractional bandwidth through a compact 

three-block stacked architecture. Therefore, the 

contribution is positioned as a practical and incremental 

refinement of turnstile-based OMT design for wideband 

Ka-band systems. 

Alternative implementations, such as finline OMTs 

utilizing resistive fins to suppress higher-order modes, 

have shown promising results but suffer from significant 

trapped modes affecting cross-polarization performance 

[39]. Likewise, novel configurations employing magic-T 

junctions and coaxial probes have achieved good return 

loss and isolation characteristics, with potential 

scalability to higher frequencies [40]. Despite these 
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advancements, designing compact, low-loss, and 

broadband OMTs remains a challenging task, 

particularly at millimeter-wave and Ka-band 

frequencies.  

In this paper, we present a novel OMT design based on 

a turnstile junction, incorporating improved E, and H 

bends, a power combiner along with a new tuning stub 

to enhance impedance bandwidth. Turnstile junction-

based OMTs offer a highly efficient and compact 

solution for dual-polarized SATCOM systems. These 

OMTs employ a turnstile junction to achieve a nearly 

perfect separation of orthogonal polarizations with 

minimal cross-coupling. One of the major advantages of 

this approach is its ability to maintain high isolation 

(>60 dB) and low return loss (<-30 dB) over a wide 

frequency range, ensuring superior signal integrity. 

Additionally, the turnstile junction enables broadband 

operation due to its symmetric structure, making it well-

suited for high-data-rate and wideband SATCOM 

applications.  

The novelty of the proposed design includes several 

key features that make it well-suited for SATCOM 

applications: 

1. The new compact design easily fits into 

space-limited systems, allowing for 

affordable and scalable manufacturing 

without compromising performance. 

2. Achieves a 68.21% fractional bandwidth 

with an improved design of E, H, and 

power combiners along with novel 

matching stub to enhance impedance 

bandwidth. 

3. With >-60 dB isolation and >-30 dB return 

loss across the Ka-band for SATCOM 

(17.7 to 31 GHz), the OMT effectively 

reduces leakage and interference, 

enhancing system efficiency by measured 

results. 

4. The double-symmetry turnstile junction 

and reduced-height waveguide arms 

provide low-loss transmission with 

minimal insertion loss (< 0.18 dB), 

validated through experimental results at 

Ka-band frequencies. 

5. The three-block stacked architecture 

improves mechanical alignment, simplifies 

fabrication, and enhances structural 

stability during assembly, making the 

design practically suitable for compact 

high-frequency SATCOM front-end 

systems.d 

6. Advanced E-plane Tee combiner ensures 

minimal reflections and controlled phase 

distribution, with an innovative non-

contacting dual-step matching element 

improving impedance matching and 

wideband operation. 

7. These attributes, validated through both 

simulation and measurement, position of 

the OMT using turnstile junction as a 

robust, high-performance solution for next-

generation SATCOM systems. 

2 Design of OMT 

 An Orthomode Transducer (OMT), depicted in Fig. 1, 

is a waveguide component that separates or combines 

orthogonal polarizations (vertical and horizontal) within 

a common circular port, enabling dual-polarized signal 

transmission in systems like SATCOM. Physically, the 

OMT comprises three ports: a circular waveguide 

(common port) supporting two orthogonal modes and 

two rectangular waveguide ports (Ports 3 and 4) for 

single-mode outputs. Electrically, it functions as a four-

port device, with the common circular port treated as 

two independent electrical ports (Port 1: vertical 

polarization, Port 2: horizontal polarization). The OMT 

block isolates these polarizations, routing vertical 

polarization (Port 1) to Port 3 and horizontal polarization 

(Port 2) to Port 4 via TE10-mode rectangular 

waveguides, ensuring minimal cross-polarization 

interference and isolation. 

In a typical RF feed chain (Fig. 2), the OMT interfaces 

with dual-polarized antennas and diplexers. The antenna 

captures/radiates vertically (V) and horizontally (H) 

polarized signals, which the OMT splits into separate 

paths (V1, V2 and H1, H2). Each polarization is 

processed by dedicated diplexers, which separate 

transmit (TX) and receive (RX) frequency bands. For 

vertical polarization, the upper diplexer filters TX (f1, 

f2) and RX (f1, f2) bands, while the lower diplexer 

performs identical filtering for horizontal polarization. 

TX bands typically occupy higher frequencies (uplink: 

27.5–31 GHz), whereas RX bands use lower ranges 

(downlink: 17.7–21.2 GHz). By maintaining polarization 

purity and enabling simultaneous dual-band operation, 

the OMT-diplexer system maximizes spectral efficiency, 

critical for high-throughput SATCOM applications. The 

Turnstile Junction based OMT design, modeled in CST 

Microwave Studio, includes three ports, as shown in Fig. 

3 (a). This design is optimized to effectively handle and 

separate orthogonal polarizations within the Ka-band 

frequency range.  The proposed OMT features a central 

circular waveguide that supports dual-polarized signals, 

ensuring efficient mode propagation. A turnstile junction 

with four symmetrically arranged rectangular waveguide 

arms splits circularly polarized signals into orthogonal 
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linear polarizations, directing them to respective output 

ports. Circular polarization is achieved through a 90° 

phase shift, optimized via path length differences, E-

plane and H-plane bends, and power combiners. High 

port isolation minimizes cross-talk, while dual-

polarization capability enhances data capacity. Fig. 3(b) 

shows the OMT’s layered structure: Layer 1 contains E-

plane bends, Layer 2 houses the turnstile junction, and 

Layer 3 integrates the power combiner. This modular 

design simplifies fabrication, optimizes impedance 

matching, and minimizes insertion loss across the target 

frequency range. The simulated return loss plot of the 

proposed OMT, shown in Fig. 3(c), covers a wide 

frequency range from 17 GHz to 34.6 GHz, with an 

impedance bandwidth of 68.21%. The return loss 

remains greater than -30 dB across the entire band, 

indicating excellent impedance matching and minimal 

reflection. This ensures efficient signal transmission, 

making the OMT ideal for reliable SATCOM 

applications. 

 

Fig. 1. Working of 
OMT. 

 

Fig. 2. Placement of 

the OMT in a standard 
RF feed network 

operating across dual 

frequency bands. 

The Fig. 3(d), and Fig. 3(e) illustrate the simulated 

electric field (EF) distribution of the proposed OMT for 

horizontal (H-pol) and vertical (V-pol) polarizations. As 

depicted in Fig. 3(c), the TE10 mode is excited at the 

horizontal port, propagating through the waveguide arms 

while maintaining polarization purity. The EF vectors 

indicate minimal leakage into the orthogonal path, 

ensuring high isolation. The turnstile junction facilitates 

efficient mode conversion, reducing reflections. 

Similarly, as shown in Fig. 3(d), the TE10 mode is 

excited at the vertical port, following a distinct path 

while maintaining polarization integrity. The transition 

results in the TE11 mode at the common port, 

demonstrating effective polarization separation. The 

well-balanced field distribution ensures efficient power 

transfer and minimal signal distortion. The results 

confirm that the OMT provides high polarization 

isolation, optimized impedance matching, and low 

insertion loss. The turnstile junction and reduced-height 

waveguide arms contribute to stable field propagation 

with minimal higher-order mode excitation. These 

characteristics make the proposed OMT well-suited for 

Ka-band SATCOM applications requiring dual-

polarization operation with high cross-polarization 

discrimination. The dimensions of the proposed OMT 

are given in Table 1. 

(a)                                            (b) 

 

     (c) 

 

                                (d)                                                       (e) 

Fig. 3. (a) Proposed 

OMT, (b) Cross-
sectional view of 

proposed OMT, (c) 

Return loss. EF 
distribution on OMT: 

(d) H-Pol, and (e)V-

Pol. 
Table I. Dimensions of OMT (in mm) 
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H H1 H2 H3 H4 H5 
25 38 57.3 30.8 24.4 10.5 

H6 H7 H8 L1 L2  
18.6 5.2 8.9 7.3 11.8  

3. Components of OMT 

An effective Orthomode Transducer (OMT) relies on 

key structural components to achieve high polarization 

isolation, low return loss, low insertion loss, and wide 

bandwidth. The primary elements include optimized H-

plane bends, E-plane bends, and the E-plane Tee 

combiner, each designed to enhance signal transmission 

efficiency across the Ka-band SATCOM uplink (27.5–

31 GHz) and downlink (17.7–21.2 GHz) frequencies. 

These components are simulated using CST Microwave 

Studio but not fabricated individually, as they are 

integrated into the final OMT. This section examines 

their design, impedance-matching mechanisms, and 

performance characteristics, highlighting improvements 

over existing OMT designs. 

3.1 H-Bend with 2 steps 

The 90° H-plane bend in Fig. 4(a) employs a two-step 

geometry (Fig. 4(b)) to minimize reflections and 

enhance impedance matching. The steps act as 

distributed tuning elements, smoothing the transition of 

the transverse magnetic (TM) mode through the bend. 

As shown in Fig. 4(c), the return loss (S11) remains 

below −23 dB across uplink and downlink bands, 

indicating robust broadband performance. This design 

ensures minimal signal degradation while 

accommodating mechanical constraints in compact 

OMT layouts. This two-step H-plane bend effectively 

minimizes reflections and enhances impedance 

matching. However, further improvement is achieved 

with a three-step H-plane bend, which provides even 

lower return loss and enhanced bandwidth uniformity, as 

discussed in the next section. 

(a)                                            (b) 

 
(c) 

Fig. 4. (a) H-Plane 

bends with two steps, 
(b) Dimensions, and (c) 

S11 plot. ((a=12.85, 

b=6.2, c=2.2, d=8.8, 
e=13.16, f=11.15, 

g=22, h=2, i=3.5, j=3, 

k=1.85, l=13, m=22, 
n=9.15, and O=11.15) 

(All dimensions are in 

mm). 

The impedance transformation employed in the H-plane 

bend follows the triangular tapering principle described 

by Pozar, where the derivative of the logarithmic 

impedance variation d(ln⁡Z)/dz is triangular along the 

taper length. This approach minimizes reflection by 

distributing the impedance transition gradually. In the 

proposed design, the continuous triangular taper is 

practically implemented using discrete stepped 

waveguide sections. The final geometrical parameters 

were obtained through parametric optimization in CST 

Microwave Studio to achieve minimum return loss and 

uniform broadband performance across the Ka-band.  

3.2 Improved H-Bend with 2 steps  

Next, a three-step H-plane bend (Fig. 5(a–b)) improves 

upon the two-step design by introducing an additional 

step. The third step refines impedance matching, 

reducing return loss to below −37 dB (Fig. 5(c)). 

Notably, sharp dips in S11 around 17.7 GHz (downlink) 

and 29.25 GHz (uplink) highlight near-perfect matching 

at these critical frequencies. The enhanced bandwidth 

uniformity makes this configuration ideal for high-

efficiency Ka-band systems where minimal reflection 

and phase distortion are paramount. 

 

(a)                                            (b) 

 

                   (c) 

Fig. 5. (a) H bend top 

view, (b) Dimensions, 
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and (c) Return loss 

(dB). (a=12.85, b=6.2, 
c=2.2, d=8.8, e=13.16, 

f=11.15, g=22, h=2, 

i=3.5, j=3, k=1.85, 
l=13, m=22, n=9.15, 

and O=11.15) (All 

dimensions are in mm). 

3.3 E Plane bend 

The 90° E-plane bend (Fig. 6(a)) redirects the electric 

field vector while maintaining magnetic field 

orthogonality. Its optimized profile (Fig. 6(b)) achieves 

exceptional return loss greater than −55 dB (Fig. 6(c)). 

This low reflection is due to the bend's alignment with 

the dominant TE10 mode, ensuring minimal signal 

degradation and maintaining efficient wave propagation. 

The design’s compactness and broadband efficiency 

make it indispensable for SATCOM systems requiring 

tight integration. 

(a)                                   (b) 

          
 (c) 

Fig. 6. (a) E plane 

bend, (b) Dimensions, 

and (c) Return loss 
(dB). (a=6.2, b=12.8, 

c=2.2, d=8.8, e=7.8, 

f=9.8, g=9.8, h=7.8, 
i=14, j=3.16, and 

k=9.7). 

3.4 Improved E-plane Tee Combiner 

  The waveguide combiner (Fig. 7(a)) integrates signals 

from two input ports into a single output port. The 

optimized structure (Fig. 7(b)) ensures minimal 

reflections and controlled phase distribution. Fig. 7(c) 

presents the electric field distribution, revealing a 180° 

phase shift between the input ports, enabling efficient 

power combiner. Conventional reduced-height 

waveguide combiners lack mechanical compatibility 

with platelet OMTs, as ridges extending into adjacent 

layers disrupt electrical contact. To overcome this 

limitation, an advanced non-contacting dual-step 

rectangular prism matching element is incorporated at 

the junction of the three-port network (Fig. 7). The 

return loss plot in Fig. 7(d) confirms values below -35 

dB across the band, ensuring optimal impedance 

matching and wideband operation. 

 
(a) (b) 

   
(c)                      (d) 

Fig. 7. (a) Combiner, 

(b) Dimensions, (c) EF 
distribution, and (d) 

Return loss (dB). 
(a=12.8, b=8.3, c=8.8, 

d=4.3, e=13, f=15, 

g=6.2, h=2.2, i=20, 
j=5.8, m=0.75, n=2.8, 

and t=0.9) (All 

dimensions are in mm). 

3.5 Turnstile Junction 

For achieving high-performance OMTs with excellent 

polarization isolation, it is crucial to optimize the input 

impedance matching at the circular waveguide by 

incorporating a tuning element located at the core of the 

turnstile junction. Several tuning configurations were 

evaluated and modeled to ensure optimal impedance 

matching across the broadest achievable bandwidth, as 

depicted in Fig. 8. 

First, an alumina pyramid-shaped matching structure 

was examined, with dimensions of L = 10.8 mm and L1 

= 3.8 mm, yielding a return loss of less than -25 dB. 

Next, a rectangular block matching step, with 

dimensions h = 5.6 mm and h1 = 10.6 mm, demonstrated 

an improved return loss of -30 dB. Further investigation 

was conducted using a two-stacked block-matching 

structure with dimensions t1 = 5.26 mm, t2 = 2.8 mm, 

and t3 = 0.8 mm, which resulted in a return loss of 

around -35 dB across the operating frequency region. 

However, the proposed novel four-cylindrical-tuning 

step-tuning structure outperforms all previous 
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configurations, achieving an exceptional return loss of -

40 dB across while simulating the entire Ka-band. This 

breakthrough design not only ensures minimal reflection 

but also significantly enhances impedance bandwidth, 

making it highly effective for wideband SATCOM 

applications. The cylindrical steps provide progressive 

impedance transformation, reducing abrupt 

discontinuities and optimizing wave propagation through 

the turnstile junction. The integration of this stepped 

tuning technique improves broadband impedance 

matching, contributing to enhanced bandwidth, reduced 

insertion loss, and improved polarization isolation. This 

design approach provides improved broadband 

performance while maintaining practical fabrication 

feasibility, making it well suited for high-data-rate Ka-

band SATCOM systems. Fig. 9 presents the complete 

design of the turnstile junction simulated in CST 

Microwave Studio, featuring a novel four-cylindrical-

step tuning structure within the branching region. This 

configuration is crucial for achieving superior 

impedance matching, high polarization isolation, and 

efficient signal separation in OMT systems. 

 

Fig. 8. Return loss for 

different 

configurations. 

 

      (a)                          (b)                    (c)                      (d) 

 

                        (e)                                       (f) 

Fig. 9. Turnstile 

Junction. (a) Cross-
sectional View, (b) 

Internal structure, (c) 

Matching element, (d) 

Dimensions, (e) EF-H 

Pol, and (f) EF-V Pol.  

   The geometry (Fig. 9(a)) integrates a cylindrical 

waveguide core with four radially connected rectangular 

waveguides. Fig. 9(b) presents a cross-sectional view 

highlighting the polarization pathways. The key 

innovation in this design is the four-cylindrical-step 

tuning structure, depicted in Fig. 9(c). This element 

plays a pivotal role in minimizing reflection, optimizing 

impedance matching, and ensuring high polarization 

isolation essential for dual-polarized SATCOM 

applications. The stepped cylinders (C1–C4), with outer 

radii of 3.7 mm, 1.6 mm, 0.5 mm, and 0.25 mm (Fig. 

9(d)), enable gradual mode transitions, reducing abrupt 

discontinuities that degrade performance. The optimized 

cylinder dimensions are detailed in Table 2. The electric 

field distribution of the proposed turnstile junction is 

shown in Fig. 9(d) and Fig. 9(f) for H and V 

polarization, respectively. The four rectangular arms, 

symmetrically arranged around the cylindrical 

waveguide, form a cross-like structure. Port 1 serves as 

the common port, splitting incoming signals into Pol V 

(Ports 2 & 4) and Pol H (Ports 3 & 5) or combining them 

while maintaining polarization integrity. A 180° phase 

difference between paired ports ensures high isolation 

and minimal interference, optimizing performance for 

polarization separation and signal transmission. The 

scattering parameters, plotted in Fig. 10, confirm the 

superior performance of the proposed turnstile junction. 

The return loss exhibits two major dips. Two return loss 

minima correspond to the downlink (receive) and uplink 

(transmit) frequencies in Ka-band SATCOM systems. 

The first dip near the receive band (downlink) ensures 

minimal reflections, maximizing received signal power. 

The second dip in the transmit band (uplink) guarantees 

efficient power delivery to the satellite. Insertion loss 

remains near 0 dB, confirming negligible attenuation, 

while isolation remains greater than -65 dB, effectively 

eliminating cross-talk between channels. 

Table II. Dimensions of turnstile junction (in mm) 

ro rin H h1 L t1 t2 t3 t4 
6.16 5.16 23.5 5.2 8.23 1.14 3 4.4 5.96 

 

 

Fig. 10. S-Parameters 

for turnstile junction. 
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The stepped cylindrical tuning structure acts as a 

multi-section impedance transformer between the 

circular input and rectangular waveguide arms. 

Increasing the number of steps enables a smoother 

impedance transition, distributing reflections across 

multiple smaller discontinuities rather than a single 

abrupt mismatch. As a result, the four-step configuration 

provides improved broadband matching compared to 

two- or three-step designs while maintaining practical 

manufacturability. 

The fourfold symmetry of the turnstile junction 

supports the fundamental orthogonal modes while 

suppressing even-mode components through differential 

recombination. The progressive impedance transition 

reduces abrupt field discontinuities, thereby limiting 

higher-order mode excitation and improving polarization 

isolation across the Ka-band. 

The step dimensions were determined through 

parametric optimization in CST Microwave Studio. The 

objective function included minimizing |S11| across 17–

34.6 GHz, maximizing isolation, and maintaining low 

insertion loss with balanced branch response. The final 

four-step configuration represents a trade-off between 

broadband performance and fabrication practicality. 

Although a full statistical tolerance analysis is beyond 

the scope of this work, sensitivity studies performed 

during parametric optimization indicate that the stepped 

impedance configuration is less sensitive to small 

dimensional variations than abrupt single-step 

discontinuities. The symmetric architecture further 

enhances robustness by maintaining balanced current 

distribution along opposing branches. 

4 Measurement results of proposed OMT 

  The The proposed Orthomode Transducer (OMT) is 

fabricated and evaluated across the Ka-band 

(SATCOM) frequency range, with measurements 

compared against simulated results for critical 

parameters including return loss, isolation, and insertion 

loss. The OMT is manufactured using precision CNC 

machining of aluminum alloy (Grade 6082), selected for 

its favorable electrical conductivity, mechanical 

stability, and practical suitability for high-frequency 

waveguide structures. Each layer is individually 

machined to form the required waveguide channels, 

junctions, and bends that support dominant-mode 

propagation while minimizing signal reflections. Excess 

material is removed where possible to reduce overall 

weight while maintaining mechanical robustness. 

The OMT adopts a platelet-based stacked architecture, 

enabling compact assembly, precise alignment, and ease 

of integration into space-constrained SATCOM front-

end systems. This innovative structure ensures efficient 

signal routing and supports the precision alignment 

required for low-loss transmission. Key components 

such as the turnstile junction, E-plane power combiner, 

and 90° H-plane bends are meticulously designed to 

ensure precise alignment and low-loss transitions. The 

assembly employs dowel pins and screws to secure 

layers, followed by silver plating to improve surface 

conductivity and environmental resilience. Fig. 11(a) 

and 11(b) illustrate the CST Microwave Studio-

generated 3D model with three ports, while Figs. 11(c), 

Fig. 11(d), Fig 11(e) and Fig. 11(f) depict the fabricated 

OMT, comprising upper, middle, and lower blocks 

integrated via a monolithic turnstile junction core. The 

top block integrates a circular waveguide input with a 

transition adapter and E-plane power combiner, while 

the lower block houses the turnstile junction base with 

tuning structures and orthogonal waveguide bends. A 

central aluminum section bridges these layers, routing 

signals from the circular input to the turnstile junction 

and its four rectangular outputs. 

A coaxial feed at Port 1 ensures symmetric signal 

distribution, with the turnstile junction efficiently 

splitting signals into orthogonal polarizations. The 

transmit and receive chains are optimized for high 

isolation and impedance matching, respectively, 

enabling dual-polarized Ka-band SATCOM 

communication with minimal reflections. To achieve 

circular polarization, the OMT introduces a 90° phase 

shift between Ports 2 and 3 through carefully engineered 

waveguide path differences. This phase offset ensures 

 

(a)                                                        (b) 

 

(c) 

 

(d) 
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(e)                                              (f) 

Fig. 11. OMT (a) 3D view of proposed OMT, (b) Routing, Before 

Assembley: (c) Bottom, (d) Top view. Assembled OMT (e) Top View, 
and (f) Side View.   

constructive interference of orthogonal modes at Port 1, 

yielding high polarization purity critical for SATCOM 

reliability. Measurement results demonstrate good 

agreement with simulations, though minor discrepancies 

arise from fabrication tolerances, connector mismatches, 

and unmodeled surface roughness. Return loss greater 

than 30 dB and isolation exceeding 60 dB across the 

entire band, while insertion loss remains below 0.18 dB, 

validating the design’s efficacy. The monolithic turnstile 

junction, integrated with tuning structures and precision-

machined components, ensures scalability to higher 

frequencies, making the OMT well-suited for future 

millimeter-wave applications, while its robust assembly 

and rigorous testing guarantee high signal integrity and 

polarization fidelity for high-performance SATCOM 

systems. 

In SATCOM applications, both the transmit and 

receive chains are critical for efficient signal 

transmission and reception. The transmit chain (uplink) 

operates within the 27.5 to 31 GHz frequency range, 

while the receive chain (downlink) functions from 17.7 

to 21.2 GHz. 

4.1 Transmit Chain 

Fig. 12 presents the simulated and measured S11 (dB) 

values for the transmit chain of the proposed OMT 

across the full frequency range. Both simulated and 

measured return loss values remain consistently below -

30 dB, which is more stringent than the commonly 

accepted -20 dB threshold in many research studies. 

Both simulated and measured results show consistent 

performance, with discrepancies occurring at higher 

frequencies due to fabrication tolerances, material 

variations, and slight assembly misalignments. These 

discrepancies confirm that the OMT design closely 

aligns with its specifications, validating the accuracy of 

the simulation model. 

 

Fig. 12. Return loss in the transmit chain. 

The insertion loss plot for the transmit chain (Fig. 13) 

remains below -0.1 dB across 27.5–31 GHz for both 

simulated and measured results, showing good 

agreement with slight discrepancies attributed to 

fabrication tolerances and misalignment. 

 

Fig. 13. Insertion loss in the transmit chain. 

The S31 parameter confirms high transmission 

efficiency from Port 1 to Port 3, critical for Ka-band 

SATCOM systems to preserve signal integrity over long 

distances. The OMT’s wideband operation and low loss, 

validated by consistent simulations and measurements, 

ensure efficient power transfer in antenna systems.  

The isolation plot of the OMT, shown in Fig. 14, 

consistently demonstrates values below -60 dB across 

the 27.5 to 31 GHz range for both simulated and 

measured results, with minimal discrepancies. This good 

agreement highlights the design's reliability and 

accuracy, confirming that the OMT performs as 

expected in real-world scenarios. The measured results 

validate that the OMT achieves excellent isolation, 

ensuring stable operation and preventing interference 

between polarization channels in practical SATCOM 

applications. 

 

Fig. 14. Isolation in the transmit chain. 
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4.2 Receive Chain 

 Fig. 15 illustrates the return loss (S11) of the receive 

chain across the 17.7–21.2 GHz frequency range. The 

S11 values are greater than -30 dB, indicating excellent 

impedance matching and minimal reflection, ensuring 

efficient power transfer, which is ideal for Ka-band 

SATCOM systems. For SATCOM applications, such 

low reflection values are crucial, as they ensure that over 

99.9% of the incident signal power is transmitted, 

minimizing energy loss and optimizing signal integrity. 

 
Fig. 15. Return loss in the receive chain. 

  Furthermore, the insertion loss (S31) performance, 

depicted in Fig. 16, further highlights the OMT’s 

efficiency. The receive chain exhibits remarkably low 

insertion loss values of <-0.18 dB across the entire band, 

indicating that negligible power is dissipated within the 

structure. This ensures that the majority of the signal 

energy is retained for downstream processing, a critical 

requirement for maintaining high signal-to-noise ratios 

in SATCOM applications. The close correlation between 

simulated and measured insertion loss curves validates 

the design’s accuracy and manufacturing fidelity, 

confirming the OMT’s capability to meet stringent 

power transmission standards.  

 

Fig.16. Insertion loss in the receive chain. 

The isolation between Port 1 and Port 2 (S21), shown 

in Fig. 17, remains below -68 dB across the operational 

bandwidth. While the measured results show slightly 

higher values (around -60 dB), they still confirm that the 

fabricated OMT effectively suppresses unintended 

coupling. This high isolation is critical for Ka-band 

systems, where interference-free operation is essential 

for supporting concurrent high-capacity data streams. 

The close agreement between simulated and measured 

results for return loss, insertion loss, and isolation further 

validates the design methodology and fabrication quality 

of the wideband OMT. 

 

Fig. 17. Isolation in the receive chain. 

5 Comparison 

The proposed OMT wideband design significantly 

outperforms other published designs in several key 

performance parameters, as detailed in Table III. With a 

fractional bandwidth of 68.21% (17–34.6 GHz), the 

proposed OMT achieves superior return loss (>30 dB), 

insertion loss (<0.18 dB), isolation (>60 dB), and a 

compact volume of 30 cm³. In comparison, other designs 

typically exhibit lower fractional bandwidths, such as 

[13] (36.8%), [12] (33.33%), and [11] (31.5%), and 

often higher insertion losses (>0.2 dB), lower isolation 

values (<50 dB), and larger volumes (e.g., [13] with 120 

cm³ and [11] with 80 cm³). The improved return loss and 

isolation in the proposed design contribute to better 

signal integrity and reduced cross-talk, essential for 

maintaining high performance in Ka-band SATCOM 

systems. The low insertion loss further enhances 

transmission efficiency, ensuring minimal signal 

degradation, which is crucial for long-distance 

communication. The compact volume of 30 cm³ also 

facilitates easier integration into satellite systems with 

space constraints, making it a more efficient and viable 

option compared to others with larger volumes.  

Table III. Comparison of proposed work with another research. 

Ref 
Freq 
(GHz) 

RL (dB) IL (dB) 
Iso 

(dB) 

Volu
me 

(cm3) 

[13] 
31-45 

(36.8%) 
>30 >0.2 >50 120 

[12] 
25-35 

(33.33%) 
>20 >1 >35 25 

[11] 
16-22 

(31.5%) 
>20 >0.3 >30 80 

[28] 
275-500 
(58.06%) 

>25 >0.5 >30 45 

[24] 
80-108 
(29.7%) 

>25 >0.25 >40 42 

[22] 
75-110 

(37.83%) 
>17/15 >0.5/0.6 >28 22 
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[9] 
60-95 

(45.16%) 
>30 >0.2 >35 - 

[27] 
10-19.4 
(63.9%) 

>25 >0.2 >49.8 - 

[29] 
70-88 

(22.7%) 
>30 >0.25 >40 - 

This 
work 

17-34.6 
(68.21%) 

>30 >0.18 >60 30 

Freq: Frequency, RL: Return Loss, IL: Insertion loss, 

Iso: Isolation. 

6 Conclusion 

The proposed turnstile junction-based wideband OMT 

demonstrates significant advancements in return loss, 

isolation, and insertion loss, surpassing conventional 

designs in key performance metrics. Fabricated and 

measured results exhibit good agreement with 

simulations, confirming the accuracy, robustness, and 

reliability of the design across the Ka-band frequency 

range. By integrating optimized waveguide components 

with a precisely engineered turnstile junction, the OMT 

achieves exceptional signal integrity, low insertion loss, 

and high polarization isolation, making it highly suitable 

for dual-polarized SATCOM applications. A key 

innovation in this design is the incorporation of a four-

stepped cylindrical tuning stub along with improved E, 

and H bends, which enhances impedance matching, 

minimizes reflection and transmission loss, and ensures 

efficient power transfer over an ultra-wide bandwidth. 

Its compact and scalable architecture makes it 

particularly advantageous for space-constrained 

SATCOM systems, facilitating easy integration into 

advanced satellite payloads. Furthermore, the practical 

manufacturability of the design ensures cost-effective 

mass production, making it a viable solution for next-

generation satellite communication infrastructure. With 

its proven high-performance characteristics, this OMT 

establishes a solid foundation for future advancements in 

wideband, high-efficiency orthomode transducers. It 

effectively addresses the stringent requirements of 

modern high-capacity SATCOM systems, ensuring low 

interference, superior polarization purity, and reliable 

operation in real-world satellite applications. 
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