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This course provides basic knowledge and understanding of capacitive micromachined
ultrasonic transducers (CMUTS) and their applications.

After a short background discussion of previous implementations of capacitive ultrasonic
transducers, we will provide all the information necessary for the successful design of a
CMUT: The simple parallel plate capacitor transducer and its electrical equivalent circuit
model will be explained in detail, including the derivation of all essential design equations,
and the theoretical device performance limits. This is followed by developing an approximate
analytical model which better represents the realizable membrane of a CMUT. A motivation
for a more sophisticated finite element model is given, and the key techniques of finite
element analysis based CMUT designs are explained and demonstrated using brief examples.
Next, we compare and contrast CMUTSs that are designed for airborne and immersion
applications. Only for immersed operation the periodic structure of a CMUT array needs to be
considered to minimize parasitic cross-talk effects. Two acoustic cross-talk modelling
techniques will be discussed for that purpose.

Then, the two main CMUT fabrication techniques, i.e. sacrificial release and direct wafer
bonding, are explained and compared to each other. Next, we discuss device characterization
which will cover electrical, mechanical and ultrasonic measurements: optical interferometer,
electrical input impedance, output pressure, receive sensitivity, impulse response and dynamic
range. As part of the electrical characterization we will discuss the design and implementation
of low noise front end electronics and the need for their integration in the vicinity of the
CMUT.

Besides an overview of several CMUT applications, we conclude the course by giving two
detailed design examples, one for an airborne device for chemical/biological sensing
applications and one for medical imaging applications.
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