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Homework Assignment #7  ELEC 5820/6820  Due: Fri.  11/20/15 
 
 
1) A parallel plate actuator (PPA) consists of two square electrodes, 500µm on a side, separated by 

10µm, in a vacuum.  What is the force produced if 100V DC is applied across the electrodes? 
 
 
2) If a sinusoidal voltage with a 100V amplitude is applied to the PPA in (4), where the frequency of 

the voltage signal is much higher than the natural frequency of the mechanical system, what is the 
average force produced by the PPA? 

 
 
3) For the PPA in (4), if the system spring constant is 50N/m, what is the pull-in voltage?  What force 

is produced at this voltage (assume displacement is 1/3 of the rest gap)? 
 
 
4) Consider a micromachined Si beam with these dimensions: 500µm long, 50µ wide and 10µm thick.  

If Si has a CTE of 2.6 x10-6/oC, and the temperature increases by 100oC, how long does the beam 
become due to the 100 degree temperature rise?  

 
 

5) Consider a beam with the same dimensions as in (1) but one that is made of Al (CTE = 25 x10-6/oC).  
How long does this beam become if the temperature rises by 100oC? 

 
 
6) Select the optimum MEMS actuator technology (electrostatic, magnetic, piezoelectric, flowFET, 

thermal pump, thermal bimorph or SMA) for each of these applications: 
a. A clean operating environment where power usage must be minimized and the actuation speed 

must be fairly high.  Also, the microfabrication must be compatible with a Si based fabrication 
facility. 

b. A dirty (wet and dusty) environment where power usage is not critical and the actuation speed 
can be slow. 

c. A mechanical vibration energy harvesting application where energy conversion efficiency is 
important. 

d. An application where a large force is needed when the temperature rises above a set desired 
value. 

e. An application where fluid needs to be pumped through a microchannel and the flow rate needs 
to be accurately controlled using a control voltage. 

f. An application where a microfluidic pump is needed in a PCB based MEMS system, where 
sufficient electrical current is available for powering the pump. 

g. An application where motion (i.e. a beam deflection) is required only during the presence of a 
strong external magnetic field. 

 
 
7) An open-loop MEMS accelerometer has a natural frequency of 800Hz.  If the sensor experiences a 

10G acceleration in the direction of measurement, where 1G=9.8m/s2, what is the magnitude of the 
proof mass displacement in µm? 

 
 


