
Figure 4: Tuneable filter concept based on capacitors of Type II 
and transmission lines of Type B 
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This paper presents MEMS tuneable filters, where the reconfiguration of the filter is achieved by moving the sidewalls of 
a 3D micromachined transmission line. The sidewalls of the transmission line are moved by MEMS electrostatic actuators 
completely integrated into the ground layers of a thick-film coplanar waveguide.  

Fig. 1 shows the basic concept of a tuneable capacitive loading block implemented in a 3D micromachined transmission line. 
A section of the ground layer sidewall can be moved laterally which results in changing the capacitive part of the impedance of 
that section of the transmission line. The concept of the 3D micromachined transmission lines is shown in Fig. 2, which 
compares a conventional 2D coplanar waveguide (Fig. 2a) with the two variants of a 3D micromachined transmission line. For 
the 3D micromachined coplanar waveguide of Type A, as shown in Fig. 2b, the major part of the electric field lines is above 
the substrate which decreases dielectric losses and radiation losses into the substrate. A further variant is the 3D 
micromachined coplanar waveguide Type B, shown in Fig. 2c, which has metallization only on top of the 3D topography. 

 

 

 

 

 

 

 

 

 

 

 
 

Two different types of these 3D CPW (coplanar waveguide) integrated tuneable capacitive loads have been implemented and 
compared, as shown in Fig. 3. For the capacitors of Type I (Fig. 3a), the RF signal along the ground lines is routed via the 
mechanical springs, which adds a large series resistance. For the capacitors of Type II (Fig. 3b), the mechanical springs are 
decoupled in their function from the RF signal, but an additional series capacitance is needed to couple the ground signal. This 
Type II concept results in a much decreased series resistance. Measurements of fabricated devices have revealed that 3D 
transmission lines with top metallization only and capacitors avoiding the routing of the RF signal over mechanical-spring 
meanders achieve the best results so filter designs based on the transmission line geometries of Type B (no sidewall 
metallization) and capacitances of Type II (RF signal not routed over the mechanical springs) were designed and fabricated.  

Fig. 4 shows a SEM picture of such a fabricated filter. Fig. 5, finally, shows the measured tuning performance of a 
demonstrator of this filter type, for the 5 basic tuning configurations of the capacitive loads measured. The center frequency 
can be moved by 1 GHz (5% of the center frequency of 20 GHz) in 5 discrete steps.  
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Figure 2: Comparison of (a) conventional 2D coplanar waveguide, 
with (b) 3D micromachined coplanar waveguide of Type A, and (c) 
3D micromachined coplanar waveguide of Type B 

Figure 5: Measured tuning performance of a filter based on 
CPW Type B and capacitor Type II. 

Figure 1: Basic concept of a MEMS tuneable capacitive 
loading block, based on moveable sidewalls of the ground 
layers of the 3D micromachined coplanar transmission line 

Figure 3: The two different moveable-sidewall capacitor concepts: 
capacitor concept: (a) Type I: meander springs as part of the RF 
signal path; (b) Type II: mechanical springs decoupled from RF path. 


