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Abstract— This paper presents the design, fabrication, and 

performance of a silicon-micromachined orthomode transducer 

(OMT) that operates in the 400-600 GHz band (WR-1.9 band). The 

simulation results show an insertion loss of 0.5 dB, a return loss 

>10 dB, isolation >35 dB and a cross polarization >35 dB over 85% 

of the frequency band.  
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I. INTRODUCTION 

ERAHERTZ systems are becoming increasingly important 

in many fields such as astronomy [1,2], astrophysics 

spectroscopy [3], remote sensing, communication [4], 

and security applications [5,6]. 

Orthomode transducer (OMT) is a three-port passive 

device that has been used in receivers to discriminate between 

two orthogonal polarizations in the receiving antenna within the 

same frequency band [7]. At high frequencies, fabricating 

OMTs using the traditional metal machining becomes a 

challenge because of the small dimensions which require high 

precision and uniformity. Silicon micromachining is also more 

advantageous than CNC machining since entire batches of 

complex devices can be fabricated with lower costs and less 

time. 

A multi-step deep reactive ion etching (DRIE)-based silicon 

micromachining is used to fabricate the OMT shown in Fig.1 

[8]. The OMT consists of seven steps of different depths 

ranging from 22 µm to 284 µm. To obtain the stepped-shape 

structure in the Si, our fabrication process involves depositing 

SiO2 masks with different step thicknesses that are proportional 

to the Si step depths. The SiO2 layers are deposited using 

Inductively Coupled Plasma Chemical Vapor Deposition (ICP-

CVD) technique which results in good surface uniformity 

(± 5 nm) compared to other deposition methods. Next, we run 

the Bosch process so that the SiO2 layers and the Si are etched 

cumulatively until the whole SiO2 is etched and the Si features 

are obtained. The Si step depths are measured using an optical 

profilometer. Finally, gold electroless plating is used to make 

the surface conductive.  
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II. RESULTS 

The simulation results of the OMT design presented in Fig.1 

show a return loss better than 10 dB over 85% of the bandwidth 

for both vertical and horizontal polarizations as shown in Fig.2. 

Moreover, the insertion loss and the cross-polarization level are 

demonstrated in Fig.3 where the insertion loss is less than 

0.7 dB, and the cross polarization is better than 35 dB over the 

85% of the frequency range. Additionally, the port isolation is 

T 
 

Fig.1. Three- dimensional OMT design and polarizations. V. Pol: 

Vertical polarization, H. Pol: Horizontal polarization. 
 

 
Fig. 2. Simulated S11 at the output ports of the OMT. 

 

Fig.3. Simulated S21 and cross polarization of the OMT. 
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better than 30 dB over the whole range.  

 

Additional simulations with step depths tolerance of ± 5 µm 

showed similar results with a return loss better than 10 dB over 

80% of the bandwidth for both vertical and horizontal 

polarizations, insertion loss less than 1 dB, and a cross 

polarization better than 29 dB over the whole frequency band 

as shown in figures 4 and 5 respectively.  

 

 
Fig. 4. Simulated S11 at the output ports of the OMT with step depths 
tolerance of ± 5 µm. 

 

Fig.5. Simulated S21 and cross polarization of the OMT with step depths 

tolerance of ± 5 µm. 
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