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b Escuela Politécnica Superior, Universidad Autónoma de Madrid, Madrid, Spain   

A R T I C L E  I N F O   

Keywords: 
Orthomode transducer 
OMT 
Orthogonal linear polarizations 
Additive manufacturing 
AM 
Selective Laser Melting 
SLM 

A B S T R A C T   

This work presents a compact ortho-mode transducer (OMT) built by additive manufacturing in a single-block, 
reducing the number of parts and flanges and improving the losses and power handling capability. The single- 
block approach also reduces potential passive intermodulation issues since the number of interfaces between 
parts is minimized. The presented OMT is based on the T-junction topology, with a short-circuited common 
circular waveguide where the two rectangular waveguides ports are attached. Both ports are arranged in 
opposite direction to maintain a symmetry plane for the whole structure in order to obtain a high isolation. 
Specific matching elements are introduced for each polarization to route the orthogonal modes to the common 
waveguide. The device is built by Selective Laser Melting (SLM), which imposes a set of specific mechanical 
restrictions to the 3D model of the OMT. The proposed design incorporates those restrictions, simplifying the 
geometry of the OMT as much as possible (especially the routing elements) to simplify the manufacturing. After 
this process, the experimental results show an OMT working in the band from 13.4 to 15.6 GHz (15.2%) with a 
return loss level higher than 20 dB for both polarizations, insertion loss lower than 0.18 dB and isolation between 
polarizations better than 45 dB. The OMT has also been tested in radiation connected to a reference horn, 
measuring a cross-polarization lower than − 45 dB. This experimental performance shows that the proposed 
combination of compact design with single-block SLM manufacturing provides tested results similar to those 
obtained by high-accuracy milling or spark erosion suitable for satellite applications.   

1. Introduction 

Ortho-mode transducers (OMTs) are crucial devices in high trans-
mission satellite and radio communication systems, where dual- 
polarized antenna feed subsystems need to separate or combine sig-
nals with different orthogonal polarizations [1–5]. Radioastronomy is 
another specific field where OMTs play a decisive role in polarization 
discrimination [6–10]. Very challenging electric performances are usu-
ally imposed to this type of devices in terms of bandwidth, return loss, 
insertion loss, isolation and cross-polarization level, especially for sat-
ellite systems. In fact, the cross-polarization level is one of the most 
challenging requirements, because it depends on two factors: the 
dimensional accuracy to manufacture the device and the symmetry 
planes found in its 3D topology [11]. 

Besides, compact structure, high power handling, low mass, easy 
integration and low cost, are other expected requisites for OMTs in the 
new high throughput satellites (HTS) with multi-beam antennas [12], 
which increase significantly the efficiency of the traditional fixed service 

satellites. Another application area for OMTs is the Low Earth Orbit 
(LEO) mega-constellations [13], where mass production requires simple 
and compact structures without compromising the electrical 
performance. 

At the same time, the application of the Additive Manufacturing 
(AM) techniques in microwave engineering has been continuously 
growing [14–19], and waveguide technology has followed the same 
trend. Powder bed fusion processes like Selective Laser Melting (SLM) 
[20] or diffusion bonding [21,22] allow to manufacture all-metal de-
vices. Considering the potential benefits regarding to the mass reduc-
tion, cost, integration, and design flexibility, its vertiginous 
development affects a large number of components of the front-end of 
communications system, and the OMTs are clearly benefiting of these 
developments [23–26], leading to very compact designs carried out with 
3D-printing approaches [27–31]. 

Therefore, the goal of this work is twofold. Firstly, to design a Ku- 
band OMT with a very simple and compact geometry taking into ac-
count the mechanical restrictions of the intended additive 
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manufacturing, in particular by SLM with aluminum powder alloy. 
Secondly, to fabricate the device in a single-block to reduce losses, to 
improve power handling and to prevent PIM (Passive Inter Modulation) 
issues [18]. The presented results show that is possible to obtain 
excellent performances in return loss, insertion loss, isolation and cross- 
polarization, at the same level than those obtained by the classic Com-
puter Numerical Control (CNC) milling for satellite applications. 

The presented OMT, based on the T-junction topology is addressed 
using specific routing elements for each polarization designed ad hoc for 
easing the single-block manufacturing and leading to a very compact 
structure. For the same reason, the circular transformer integrated be-
tween the common port of the OMT and the antenna horn is limited to 
one section, with a careful control of the higher-order TM01 mode, not 
always covered in detail in the technical literature. The experimental 
results, i.e., the return loss, the insertion loss and the isolation are 
measured for a single part and also for a back-to-back arrangement. 
These parameters, along with an additional accurate measurement of 
the cross-polar radiation pattern of the OMT connected with a reference 
horn, validate the proposed design, which will be also compared with 
other designs in the state of the art. 

2. Design of the orthomode transducer 

The OMT proposed in this work is based on a T-junction formed by a 
circular waveguide short-circuited at one end [1,32–34]. Two rectan-
gular waveguides are connected close to the short-circuit of the common 
waveguide at opposed side walls, with a relative angle of 180∘, as shown 
in Fig. 1. The structure presents a symmetry plane with Perfect Electric 
Wall (PEW) boundary condition for the vertical polarization, and Perfect 
Magnetic Wall (PMW) boundary condition for the horizontal polariza-
tion. This symmetry is exploited in the electromagnetic simulations to 
reduce the numerical effort analyzing only one half of the device, with 
either PEW or PMW. 

The two WR75 rectangular ports allocate the dedicated orthogonal 
linear vertical and horizontal polarizations in the TE10 and TE01 modes, 
respectively. The vertical polarization is routed between the dedicated 
rectangular port and the common circular port in H-plane configuration, 
while the horizontal polarization is routed in E-plane configuration. The 
TE11c (TE11s) mode at the circular waveguide is generated by the TE10 

(TE01) mode at the dedicated rectangular port. Depending on the radius 
of the circular waveguide, the higher-order modes TM01, TE21c and TE21s 
could also propagate because their cutoff frequencies may lie in the 
operation bandwidth from 13.4 to 15.6 GHz. Thus, a critical goal in this 
design is to minimize their generation when selecting the matching el-
ements for each polarization, maintaining the symmetry plane of the 
structure. 

The design process can be divided in three tasks, where two of them 
must be accomplished simultaneously: the design of the H-plane branch 
for the vertical polarization and the design of the E-plane branch port for 
the horizontal polarization. The third task is the design of the trans-
former between the circular waveguide of the T-junction and the cir-
cular waveguide of the horn antenna. 

Since the T-junction maintains a symmetry plane across the center of 
the three waveguide ports as shown in Fig. 1, both polarizations are 
ideally uncoupled, i.e., the isolation between them is infinite in the ideal 
symmetric structure. Thus, the isolation parameter is not included in the 
initial design of the OMT, since full uncoupling is granted by the OMT 
topology. Nevertheless, unavoidable manufacturing tolerances always 
lead to a certain level of undesired coupling between orthogonal po-
larizations in tested OMTs, which will be in the order of 40 dB for ac-
curate manufacturing at Ku-band. 

The radius of the horn antenna that will be connected to the OMT is 
9.675 mm, very close to the standard circular waveguide IEC C109 
(radius 9.75 mm). The cut-off frequencies of the propagating modes 
under the upper limit of the operation band (15.6 GHz) are 9.08 GHz for 
the TE11c,s modes, 11.85 GHz for the TM01 mode, and 15.06 GHz for the 
TE21c,s modes. Therefore, the radius of the common circular waveguide 
is a key parameter in the design process to match both polarizations and 
to control the higher-order modes that will be under cutoff. 

The design and optimization of the OMT is accomplished by means of 
the CST Microwave Studio[35]. Moreover, the limitations of the AM 
process are also considered at the initial design steps, including the 
limits for the minimum features that can be achieved with SLM, as it will 
be shown in the next subsections. This is very important for obtaining a 
successful experimental prototype. 

Fig. 1. General scheme of the compact OMT based on a T-junction with the common port at the circular waveguide and the dedicated rectangular waveguide ports 
attached at opposite sides of the cylinder. The routing of the vertical polarization is done in H-plane configuration, while for the horizontal polarization is E-plane. 
Each case leads to a symmetry plane with either Perfect Electric or Magnetic Wall (PEW/PMW) boundary condition. 
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2.1. H-plane branch for feeding the vertical polarization 

The H-plane port feeds the vertical polarization. The first element to 
couple the rectangular TE10 mode to the circular waveguide is a 
centered rectangular iris (Fig. 2) whose minimum thickness (0.5 mm) is 
limited by the AM process. The distance from the port to the short- 
circuited bottom wall is a key parameter in order to add in phase the 
reflected signal at the short-circuit and the region of the problem under 

cutoff. This can be seen in Fig. 3(a), which shows the magnitude of the 
electric field when feeding the OMT through the TE10 at the port with 
the vertical polarization at center frequency of 14.5 (GHz). The Fig. 2 
also helps to see that the branch for the dedicated horizontal polariza-
tion is under cutoff for PEW at the symmetry plane. A transverse ridge 
crossing the short-circuited end wall, with the same direction than the 
polarization, is added to ease the routing of the electromagnetic field 
towards the output. Since the symmetrical plane behaves like a PEW, for 
this polarization the only propagating mode in the circular waveguide is 
the TE11c mode. 

2.2. E-plane branch for feeding the horizontal polarization 

The E-plane port feeds the horizontal polarization. The first element 
to couple the rectangular TE01 mode to the circular waveguide is a 
change in the height of the standard WR75 rectangular waveguide 
(Fig. 2). This change arises from the evolution of an initial centered iris 
during the optimization process. As in the case of the vertical polariza-
tion, the distance from the port to the short-circuited end wall is crucial 
for the matching. An H-shape pedestal (Fig. 2) is included as an stepped 
bend to route the electromagnetic field towards the output. With these 
matching elements, the symmetry plane is maintained and behaves like 
a PMW; in this case the two modes with lowest cutoff frequency are the 
TE11s and the TM01 modes. Therefore, the radius of the circular common 
waveguide has to be lower than 7.35 mm to ensure that the cut-off 
frequency of the TM01 mode is higher than 15.6 GHz. 

It must be appointed that the optimization process to fulfill the return 
loss specification (20 dB theoretically for the band 13.4–14.6 GHz) takes 
into account both polarizations simultaneously. The cost function also 
controls the attenuation level of the TM01 mode, which is only generated 
in the problem associated to the horizontal polarization. After the 
optimization with the exposed restrictions, the final value of the radius 
is 7.12 mm. Fig. 3(b) shows the magnitude of the electric field when 
feeding the OMT through this port at center frequency of 14.5 (GHz), 
showing the branch for the vertical polarization under cutoff. 

Fig. 2. 3D CAD of one half the OMT showing the inner parts; matching elements are placed at the short-circuit side of the circular cylinder and a single-section 
circular transformer is used at the common circular waveguide. Rectangular ports are WR75 (19.05 × 9.525 mm2) and common circular port has a diameter of 
19.35 mm. 

Fig. 3. a) Magnitude of the electric field when feeding the OMT through the H- 
plane port with the vertical polarization at center frequency of 14.5 (GHz). b) 
Magnitude of the electric field when feeding the OMT through the E-plane port 
with the horizontal polarization at center frequency of 14.5 (GHz). 
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Fig. 4. CAD views for the single-block printing of the Ku-band OMT: 3D, side, top and bottom views. Main dimensions in mm.  

Fig. 5. Comparison of the insertion loss (S parameters) between the full-wave simulation of the two OMTs in back-to-back configuration and the measurements. This 
is done for both the vertical (VP) and the horizontal (HP) polarizations. An effective conductivity of σeff = 3 MS/m is considered for the simulation. A 3D CAD of the 
connected prototypes and the identification of the ports is shown in the inset. 
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2.3. Circular waveguide transformer 

Once the T-junction with the two ports has been designed, the last 
task is to add a transformer to connect the horn antenna (input radius of 
9.675 mm) to the common circular waveguide (radius 7.12 mm). One 
section is enough to maintain the previously obtained matching level, 
keeping the level of the TM01 mode under − 50 dB. 

As previously stated, the topology for the OMT, and all its inner parts 
and components, have been chosen considering the 3D printing process 
by SLM. The inner structure, whose simplicity is evident as can be seen 
in Fig. 2, has been carefully reviewed with the mechanic technologist to 
guarantee the experimental results. Fig. 4 shows the main draft views of 

the manufactured model, including the total external dimensions of the 
single-block device (77.4 × 84.4 × 56 mm3) and the thickness of the 
SLM walls (2 mm). The inner part without reference planes has a size of 
19.5 × 50.1 × 19.3 mm3. 

3. Experimental results 

With the aim of verifying the theoretical results, two equal devices 
have been printed by SLM technology using AlSi10Mg aluminum alloy 
powder. Each OMT is manufactured in a single-block.The typical 
achievable accuracy is ±100 μm, according to the authors’ experience 
[36], since the fabrication accuracy is not provided by the supplier. 

Fig. 7. Comparison of the return loss (S parameters) between the full-wave simulation of a single orthomode transducer and the measurement for the vertical and the 
horizontal polarization and measured isolation between polarizations (see setup in Fig. 8). An effective conductivity of σeff = 3 MS/m is considered for 
the simulation. 

Fig. 6. Comparison of the return loss (S parameters) between the full-wave simulation of the two OMTs in back-to-back configuration and the measurements. This is 
done for both the vertical (VP) and the horizontal (HP) polarizations. An effective conductivity of σeff = 3 MS/m is considered for the simulation. A 3D CAD of the 
connected prototypes and the identification of the ports is shown in the inset. 
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Both, the insertion loss and the return loss have been measured in a 
back-to-back configuration for the vertical and horizontal polarization, 
with the other ports loaded with high-accuracy matched loads. Besides, 
the return loss and the isolation of a single OMT have been also 
measured loading the common port with a conical horn whose return 
loss level was higher than 35 dB in the specified bandwidth. 

Fig. 5 shows the comparison between the simulated insertion loss 
and the measurements, considering an effective conductivity for the 
aluminum σeff = 3 MS/m. Since the theoretical value of the aluminum 
alloy powder is not provided by the SLM external supplier, this effective 

parameter takes into account the roughness of the walls and the 
manufacturing process. As it can be observed, the agreement is very 
good. The highest value of the insertion loss for a single OMT is 0.18 dB 
for any of the two polarizations. Fig. 6 shows the comparison of the 
simulated return loss and the measurements, considering the same 
effective conductivity for the aluminum as previously. 

The experimental results considering a single OMT are shown in 
Fig. 7, where the measured return loss for both polarizations is lower 
than 20 dB. The measured isolation is better than 45 dB, an excellent 
value in the state of the art for this type of compact asymmetric OMTs. It 
is emphasized that this value implies a very good accuracy in the 
manufacturing for preserving the OMT symmetry (the two polarizations 
would be perfectly isolated for the ideal symmetric OMT). This is a very 
important aspect to highlight since the OMT has been 3D printed by SLM 
in a single-block. A photograph of the measurement setup in Fig. 8 
shows the configuration for the above measurements with the antenna 
horn connected to the OMT and working as the load for the common 
port, radiating towards the absorbent panel. 

The previous OMT characterization is further validated with radia-
tion patterns measured in the anechoic chamber at the center frequency 
of 14.5 GHz. Fig. 9 shows the measured normalized co-polar (CP) and 
cross-polar radiation patterns for the vertical polarization. Fig. 10 shows 
the equivalent patterns for the horizontal polarization. Finally, Fig. 11 
shows the measured results for the cross-polarization level for θ = 0◦,

ϕ = 0◦. A gold standard for the antenna horn lower than − 55 dB in the 
whole operation band is taken as reference. The experimental results 
show that the cross-polarization level of the OMT is lower than − 45 dB 
for both polarizations, confirming the good accuracy in the 
manufacturing, which has been possible thanks to the simplification of 
the OMT structure to exploit the SLM technology. 

A comparison of different OMTs is shown in Table 1. It compares the 
performance of several state of the art works in return loss, insertion 
loss, and frequency bands. The table is limited to similar OMTs with only 
one symmetry plane, and dimensions are included when available. The 
table shows how the SLM technology can be competitive for future 
designs. 

Fig. 9. Measurement of the normalized co-polar (solid line) and cross-polar (dash line) radiation patterns for the angles 0◦,45◦,90◦ and 135◦, for the vertical 
polarization at center frequency of 14.5 GHz. 

Fig. 8. Setup configuration for the measurement of the return loss of both 
polarizations and the isolation between ports. The common port is connected to 
a horn (with return loss level better than 35 dB) working as load and radiating 
towards the absorbent panel. 
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Fig. 11. Measured cross-polarization for the vertical (VP) and horizontal (HP) polarizations for θ = 0◦,ϕ = 0◦. In the inset, a photograph of the OMT positioned in 
the anechoic chamber to measure the radiation patterns and cross-polarization. 

Fig. 10. Measurement of the normalized co-polar (solid line) and cross-polar (dash line) radiation patterns for the angles 0◦,45◦,90◦ and 135◦, for the horizontal 
polarization at center frequency of 14.5 GHz. 
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4. Conclusion 

This paper presents an ortho-mode transducer specifically conceived 
for metallic additive manufacturing in a single-block by selective laser 
melting (SLM). A short-circuited T-junction is the common circular 
waveguide where the two rectangular waveguides ports are connected 
with a relative angle of 180◦. Operating in Ku-band from 13.4 to 15.6 
GHz (15.2%), the measured return loss level is higher than 20 dB, the 
insertion loss is lower than 0.18 dB and the isolation is higher than 45 
dB. The cross-polar radiation is lower than − 45 dB for both 
polarizations. 

These results are obtained simplifying the structure, reducing the 
number of matching elements for both polarizations and by means of an 
strong interaction between the electric and the mechanic engineer in 
charge of the manufacturing. Besides, a trade-off between the response 
of both polarizations in the optimization process is mandatory to obtain 
the very competitive reported experimental results, which can be 
required at incoming satellite systems. Finally, the suitability of the SLM 
technology for this kind of device has been shown, providing the ad-
vantages of a) lower cost (850$ per single part) than classic Computer 
Numerical Control (CNC) technology, and b) single-block 
manufacturing for reducing the number of parts and improving losses 
and power handling capability. 
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