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A. FBK Fabrication Process 

The fabrication of the devices has been done at FBK-irst 
employing a well established process for RF MEMS switches 
based on surface micromachining technique combined to 
standard CMOS- technology .The schematic flow of the 8 
mask process is shown in Fig. 4a). Initially on the p type 5 kΩ 
silicon substrates a 1000nm thick thermal oxide is grown. Next 
a 630 nm thick polysilicon layer is deposited, slightly doped 
and defined.This layer is mainly used to build the actuation 
electrodes for switches and high value resistors. In the next 
step a multi layer metallization of Ti/TiN/Al/Ti/Ti is deposited 
by sputtering for a total thickness of 630 nm. The main 
function of this layer is that of the underpass metal and for 
electrical signal routing. This metal layer is passivated with 
100 nm of low temperature oxide. Where needed via holes are 
etched in this layer to allow the electrical connection of the 
multimetal layer. At this point a 3 μm thick photoresist layer is 
deposited. This is the sacrificial layer necessary for the 
realization of the suspended mobile electrodes. The later are 
realized by electrochemical deposition of gold. In a first 
galvanic process a 1.8 μm thick gold layer is deposited in areas 
defined by photoresist. This layer is normally used to build the 
mobile electrodes, springs and all those parts that should be 
flexible. With a second galvanic process a approx. 4 μm thick 
gold layer is deposited, again defined by photoresist. This layer 
is employed to form the anchors and enforcement frames. The 
process ends with the removal of the sacrificial layer which is 
burned off by an oxygen plasma. A more detailed description 
of the process can be find in [4]. Fig 4b) and c) show pictures 
of the finished devices. 
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B.  Measurements and Simulations  

After device fabrication quasi static CV measurements have 
been performed by polarising the “actuation” electrode with a 
slow voltage ramp while measuring the capacitance between 
the mobile gold electrode (at ground potential) and the second 
(metal) electrode. Five out of six designs resulted to be 
measurable. The CV characteristics, see fig 7 are dominated by 
a switch like behaviour, i.e. the capacitance curves show 
essentially the pull-in of the mobile electrode and it is not 
possible to recognize  a capacitance change that could be 
attributed to a rotation of the structure. In addition on some 
devices the actual shape has been measured by means of an 
optical profilometer, see fig. 5a. These profiles revealed an 
slight out of plane deformation of the mobile electrode of  
about 3 micron between the outer rim of the mobile electrode 
and the centre point, as can be seen in fig 5b. This deformation 
is caused by a slight stress gradient that exists in the gold layer. 

Next simulations with the commercial software 

ANSYS
TM

have been run for a selected number of device 
geometries in order to simulated the device behaviour 
including the out of plane deformations. To this purpose a 
stress gradient has been introduced that matches the observed 
deformations. In fig.7 the simulated CV curves are compared 
with the measured ones. As can be seen the simulated 
behaviour is very close to the measured one except for a fixed 
shift in capacitance of the whole CV curve, which is attributed 
to the parasitic capacitances not included in the simulation.  
Fig6.shows the 3_D view of the deformed structures after 
reaching the pull in voltage while fig7.shows the comparison of 
experimental CV curve and the simulated one. 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
Fig5: a) 3_D view of the varactor obtained by means of 
3-D profilometer  measurement b) height profile 
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Fig4:a)  Schematic process flow. Completed devices b) with 
meander type suspension spring and c) with stiff suspension 
springs. 

a 

©EDA Publishing/DTIP 2009 ISBN:978-2-35500-009-6
  425  



1-3 April, Rome, Italy 

 

From this it is evident that the expected capacitance change due 
to torsion induced by the electric field is absent or too small to 
be clearly identified as such. This may have different reasons 
according to the applied voltage. Before reaching pull-in the 
rotation may be hindered by the stiffness of the spring that is 
inadequate in providing at the same time a flexible enough 
joint to allow rotation and to be stiff enough to provide a high 
pull-in voltage of the structure. Once actuated the structure 
may be simply stuck do to friction on the fixed electrodes. 
  
C. Second Design 

To overcome the problem while maintaining the rotation 
concept a test structure with different shape has been designed 
and simulated that does not include  the vertical  movement in 
order to enhance the rotational movement. 
we consider different way for reaching this goal  
- in the centre of rotation of the structure a pillar has been 
added, about 1/3 of the gap height, that will act as a stopper 
that avoids a complete collapse of the structure onto the fixed 
electrodes.  
-at the outer border of the structure interdigited electrodes have 
been added as shown in fig.8 in order to provide a tangential 
force on the structure. 
- the overlapping fixed actuation electrodes have been removed  
In the simulations the rotation of the mobile electrode can now 
be clearly perceived, see fig.8. With an applied bias voltage of 
30 volt a rotation of 1.6 degree is obtained  
 
 

 

                          
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
III.  CONCLUSIONS 

In this paper we gave a brief description of our first design 
together with the characterization based on quasistatic CV 
measurements and 3 D optical profilometer measurements of 
the first realized samples. A corrective design is presented and 
discussed with the help of simulations. The simulations show 
that the introduced corrections to the design will allow to rotate 
in plane the mobile electrode of the varactor. A test design will 
be realised soon in order to verify the electro-mechanic 
mechanism before including it in a real varactor design. 
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Fig6. ANSYS 
TM

3D schematic of the complete 
structures after the pull in is reached  

Fig8:  Position of the mobile electrode a) 
without and b) with polarization with a 
magnification of 100. 
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 Fig7. The comparison of experimental data with   
simulation 
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