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ABSTRACT  
 
This paper presents for the first time a very high isolation, low insertion loss MEMS waveguide single-pole single-
throw (SPST) switch operating in the 140-220 GHz frequency band. The high isolation is achieved by stacking three 
MEMS chips, two of which contains MEMS-reconfigurable surface to block/unblock the signal in the waveguide. This 
doubles the isolation and has little impact on the insertion loss and virtually no influence on the bandwidth. The 
measurement results of the prototype switch shows 50 to 60 dB isolation in the blocking state and 0.40 to 0.55 dB 
insertion loss in the non-blocking state for the whole waveguide band. Additional measurements with reference chips 
have shown that the MEMS reconfigurable surfaces of the two switch chips together contribute only to 0.1 to 0.3 dB 
insertion loss. The switch bandwidth is limited only by the waveguide cut-off and not by the switch technology itself.  
 
KEYWORDS — RF MEMS, waveguide switch, millimeter-wave, micromachined waveguide, switch. 
 
INTRODUCTION 
 
RF switches are an essential part of numerous high frequency and microwave systems such as radars, satellites, 
communication systems, radio astronomy and instrumentation systems.  These switches are required for implementing 
functions such as frequency band selection, signal routing, antenna beam scanning, calibration and redundancy. 
Microwave switches based on PIN diodes are still the state-of-the-art switching solution because of their fast switching 
speed, but have the disadvantage of poor insertion loss and isolation especially at higher frequencies [1]. Mechanical 
waveguide switches based on rotary motors are being utilized as well but have very slow switching speed, are bulky and 
heavy and require high power to implement the switching actuator [2]. Microelectromechanical systems (MEMS) is an 
attractive technology that has shown to achieve very low insertion loss, very high isolation, high linearity, large 
bandwidth of operation, low power consumption and microsecond switching speed for applications from the lower GHz 
high up to the submillimeter-wave spectrum [3], [4]. Recently, MEMS based waveguide switches operating between 
500 to 750 GHz using electrostatic actuation have been shown by the authors [5], having achieved an isolation of 18-25 
dB and an insertion loss better than 2.5 dB. However, for more demanding applications, such as radiometer calibration, 
more stringent isolation requirements need to be fulfilled and an insertion loss below 1 dB is desirable. 
 
In this paper, we report for the first time on a concept of high isolation MEMS waveguide switch based on stacked 
MEMS-reconfigurable surfaces, implemented for the frequency band of 140 to 220 GHz. 
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Fig. 1. MEMS waveguide switch concept: (a) cross-section of the switch, and (b) Non-blocking and blocking state of the switch. 



 
CONCEPT AND DESIGN 
 
The high isolation single-pole single-throw (SPST) switch concept is shown in Fig. 1a. It is based on utilizing integrated 
micromachined switch chips stacked on top of each other. Each chip contains MEMS reconfigurable surface inserted 
perpendicular to the wave propagation. The MEMS reconfigurable surface can block the wave propagation by short-
circuiting the electrical field lines in the TE10 mode. The surface comprises of a set of fixed and set of movable 
horizontal bars with periodically fixated vertical contact cantilevers. The fixed set is anchored and the movable set can 
be mechanically displaced by implementing MEMS actuators outside the narrow walls of the waveguide. Fig. 1b shows 
the functioning of the MEMS reconfigurable surface in the two states. In the non-blocking state, there is no contact 
between the contact cantilevers which allows the signal to propagate through the surface. In the blocking state, the 
contact cantilevers form a curtain of vertical columns which short-circuits the electric field lines in the dominant TE10 
mode and blocks the signal. By using two micromachined surfaces cascaded in series, the isolation in the blocking state 
of a single MEMS reconfigurable surface is increased twofold. 
 
The MEMS double-surface switch design concept was simulated using full-wave simulations in CST Microwave Studio 
and the simulation results are shown in Fig. 2. The simulated insertion loss in the non-blocking state (Fig. 2a) is as low 
as 0.15 dB at the center frequency of 180 GHz. The blocking state isolation (Fig. 2b) is simulated by taking into account 
the surface roughness and angular etching profile of the contact cantilevers during fabrication. As an assumption, a 200 
nm gap between the contact cantilevers in the blocking state was taken into account to emulate the effect of potential 
fabrication inaccuracies. The simulation results show an isolation of greater than 40 dB at 180 GHz. The width of the 
contact cantilever is 8 µm with a contact overlap of 21.5 µm and a gap of 25 µm in the non-blocking state. The 
waveguide opening used has standard WR-5.1 rectangular waveguide dimensions (1.295 mm × 0.6475 mm). 
 
FABRICATION 
 
The high isolation single-pole single-throw (SPST) switch concept is fabricated in an SOI RF MEMS micromachining 
process developed at KTH Royal Institute of Technology. The switch utilizes three integrated micromachined chips 
stacked on top of each other with two of the chips containing MEMS reconfigurable surfaces inserted perpendicular to 
the wave propagation. A third cap chip is used in the assembly to provide a clearance layer between the top switch chip 
and the waveguide flange, and to package the actuators of a fully functional design. The fabrication process flow for the 
micromachined chips with MEMS reconfigurable surfaces is shown in Fig. 3. Deep reactive ion etching (DRIE) of the 
handle wafer is performed to make the waveguide opening (Fig. 3b), followed by DRIE of the second mask on the 
handle wafer to etch the clearance layer for the displacement of the MEMS reconfigurable surface and MEMS actuators 
(Fig. 3c). DRIE of the device layer is performed to make the MEMS reconfigurable surface (Fig. 3d). The surface is 
free etched by wet etching of the buried oxide layer using hydrofluoric acid which is followed by a critical point drying 
step (Fig. 2e). A 1 μm thick gold layer is sputtered on the handle wafer while a 200 nm thick gold layer is sputtered on 
the device layer (Fig. 3f). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Simulation results of the high isolation MEMS waveguide switch concept: (a) non-blocking state, and (b) blocking state. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MEASUREMENTS 
 
The measurements were performed with an R&S ZVA24 system using R&S ZC220 WR-5.1 Extenders calibrated using 
SOLT calibration. Fig. 4a shows the measured and simulated insertion loss of the high isolation switch with the fixed 
blocking and non-blocking states of the MEMS reconfigurable surface. The switch has a broadband response over the 
entire measured bandwidth, which also is in good agreement with the simulations in CST Microwave Studio.  
 
The measured insertion loss in the non-blocking state is 0.40 to 0.55 dB over the whole waveguide band. For the 
blocking state, the isolation is between 50 and 60 dB over the entire frequency band (for the blocking state, the switch 
contacts were mechanically fixated in the off state, as the actuator of the first prototypes did not properly actuate; a new 
fabrication run with fully operating switches in both states is currently ongoing). The measurements with reference 
chips (triple chip stack without any MEMS reconfigurable surface features) show that the two MEMS reconfigurable 
surfaces together amount only to about 0.1 to 0.3 dB insertion loss.  
 
The measured return loss is better than 10 dB in the entire frequency band and is better than 15 dB at the center 
frequency of 180 GHz.  These results are also well matched to the simulation data.  
 
CONCLUSION 
 
This paper shows the design, fabrication and evaluation of a high isolation MEMS waveguide switch concept. The 
concept has proven very high isolation with little impact on the insertion loss. Furthermore, the bandwidth of this 
complex switch circuit is limited only by the waveguide’s fundamental mode and not by the stacking of the surfaces.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Fig. 3. Fabrication process flow of micromachined chips with MEMS reconfigurable surfaces to implement the high isolation 

MEMS waveguide switch. 

 
Fig. 4. Measured and simulated S-parameters of the high isolation MEMS waveguide switch: (a) S21; and (b) S11. The reference 
waveguide measurement is the measurement of the three chip stack with micromachined hollow straight waveguide without MEMS 
reconfigurable surface. 
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