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This paper presents a 500-550 GHz submillimeter-wave MEMS-reconfigurable phase shifter. It is the 
first ever RF MEMS component reported to be operating above 220 GHz. The phase shifter is based 
on a micromachined rectangular waveguide which is loaded by 9 E-plane stubs, which can be 
individually blocked by using MEMS–reconfigurable surfaces. The phase-shifter is composed of three 
metallized silicon chips which are assembled in H-plane cuts of the waveguide.  

 

Fig. 1. Submillimeter-wave MEMS phase shifter design using 9 E-plane stubs loading a micromachined 
rectangular waveguide reconfigured by using independently-operated MEMS-reconfigurable surfaces. 

The design is based on an E-plane stub-loaded rectangular waveguide phase shifter concept [1], where 
each stub is blocked or unblocked by MEMS-switched surfaces [2] (Fig. 1). The waveguide is loaded 
with 9 stubs each having a nominal phase shift of 10° resulting in a total phase shift of 90° in 10° 
steps. MEMS-switched E-plane surfaces are inserted perpendicularly to the wave propagation into the 
waveguide stubs. Each MEMS surface consists of distributed metallized elements, which can be 
reconfigured by on-chip MEMS actuators so that they can either block or unblock the TE10 mode wave 
propagation into the waveguide stubs.  

Fig. 2. Measured S-parameters and normalized phase shift of the fabricated 500-550 GHz phase shifter.  

DC biasing is provided by 12 contact DC probes, with an operation voltage of 32 V. Fig. 2 shows the 
measured insertion and return loss of the phase shifter for all ten phase states. The phase shifter 
behaves exceptionally broadband over the whole design frequency range of 500-550 GHz with the 
return loss better than 15 dB and the insertion loss of less than 3 dB. The phase shift is normalized to 
the state with all stubs open and shows a linear phase shift of 20° in 10 discrete steps (3.3 bit) instead 
of the 90° expected from simulations. The cause for this discrepancy is currently being investigated. 

In conclusion, this paper demonstrates the first ever reconfigurable MEMS phase shifter in the 500-
550 GHz frequency range.  A linear phase shift of 20° has been measured (in ten steps) with a return 
loss of better than 15 dB and insertion loss of better than 3 dB in the designed band. 
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