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I.INTRODUCTION 

One of the major challenges when implementing wave-

guide RF hardware working at frequencies above 100GHz 

is the required fabrication tolerances due to the small di-

mensions of the waveguide components. Silicon microm-

achining enables the implementation of such devices [1]. 

Two components are presented in this work exhibiting 

complex geometries that could not be realized by CNC-

milling in this frequency range: a turnstile ortho-mode 

transducer (OMT), and a waveguide switch. 

II.TURNSTILE OMT 

Ortho-mode transducers are needed to separate the two or-

thogonal polarizations present in dual-polarization applica-

tions. One of the key parameters of an OMT is the opera-

tion bandwidth, which is limited by the excitation of high-

er order modes in the square or circular waveguide port. 

Twofold symmetrical OMTs such as the Bøifot or turnstile 

OMT allow operation bandwidths up to 60% [2]. 

In this abstract we report the first implementation of a 

turnstile OMT above 100 GHz. Fabrication of turnstile 

OMTs becomes very challenging at these high frequencies 

due to the need to recombine both polarizations, resulting 

in complex 3D geometries, Fig.1. 

The turnstile OMT reported here operates in the WM860 

band (220-330GHz) and it is implemented in a 3 silicon-

on-insulator chip stack. The individual chips are deep-

silicon-etched using a multi-mask process to generate the 

different steps needed for the design, see Fig.1. The chips 

are then metallized with a 2m gold layer, aligned, and 

bonded in a single 10x10x1mm3 chip.  

The device is characterized with an open-ended square 

port termination, which provides around 20dB return loss. 

The measured insertion loss is better than 0.7dB for the 

whole waveguide band, with mean values of 0.34dB and 

0.48dB for the vertical and horizontal polarizations, re-

spectively. The measured return loss for both polariza-

tions, even with an open ended common port, is better than 

14dB for the whole waveguide band, and an average level 

of 18dB. An estimation of the worst-case cross-

polarization level, derived from measurements, results in 

at least 20dB for the whole waveguide band, with an aver-

age of 25dB for the upper half of the band. 

 

 
Fig. 1 3D drawing of overall OMT design and SEM 
picture of metallized chip before assembly 

Fig. 2 3D drawing of the mounting/assembly of the MEMS 
waveguide switch and SEM image of switch before assembly 

III.WAVEGUIDE SWITCH 

Micorelectromechanical systems (MEMS) switches fabricat-

ed by micromachining have the potential to replace the ex-

isting switch technology. This is due to the fact that RF 

MEMS switches offer very low insertion loss, high isolation, 

high linearity, large bandwidth of operation, low power con-

sumption, switching speed in microsecond range and high 

miniaturization. 

The present abstract shows the first implementation of sub-

millimetre-wave MEMS waveguide switch operating in the 

frequency band between 500 to 750 GHz using a MEMS-

reconfigurable surface to block/unblock the wave propaga-

tion. The assembled switch consists of a MEMS waveguide 

switch chip with the MEMS-reconfigurable surface and a 

top silicon chip which is used to align the MEMS waveguide 

switch chip to the waveguide flanges as shown in Fig. 2. The 

MEMS waveguide switch chip is fabricated using a silicon-

on-insulator (SOI) wafer in a two mask micromachining 

process. The measured isolation of the switch in the block-

ing state is 19 to 24 dB and the measured insertion loss in 

the non-blocking state is 2.5 to 3 dB from 500-750 GHz. By 

measuring reference chips, it is shown that the MEMS-

reconfigurable surface contributes only to 0.5 to 1 dB of the 

insertion loss while the rest is attributed to the limited side-

wall metal thickness and to the surface roughness of the 

400μm long micromachined waveguide section. 

IV.CONCLUSIONS 

The implementation of high-complexity waveguide mmW 

components enabled by silicon micromachining as been 

shown in this abstract. In addition to showing an excellent 

RF performance, the implementation of such components 

would be extremely challenging at these high frequencies by 

means of CNC-milling. This proves silicon micromachining 

to be a very promising technology for mmW/THz systems.  
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