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T R A N S D U C E R S C I E N C E A N D T E C H N O L O G Y
Micro flow sensors based on surface channel technology

Figure 1: Cross-section of sealed surface
microchannels.

The Transducer Science and Technology (TST) group has a history and focus on micro

system technology. The research is highly multidisciplinary, ranging from the millimeter

down to the nanometer range, including physical concepts, materials and micro- and

nanofabrication technology, as well as system aspects. The extensive technological

research program and the versatile high quality MESA+ cleanroom facilities allow the

group to fabricate and investigate transducers off the beaten paths offered e.g. through

foundry processes. Applications are clustered around Sensors, Actuators, Micro and

nanofluidics and probe based data storage.

MEMS fluidic devices often require the integration of transducer structures with freely
suspended microchannels. To this end we have developed a versatile microchannel
fabrication concept, allowing for easy fluidic interfacing and integration of transducer
structures in close proximity to the fluid. This is achieved by the reliable fabrication of
completely sealed microchannels directly below the substrate surface (figure 1). The
resulting planar substrate surface allows for the deposition of transducer material on top
of the channels and pattern transfer by lithography. The microchannels are subsequently
released and fluidic entrance holes are created, while the transducer structures can be
protected by photoresist. Several monolithic microfluidic device structures have been
fabricated, demonstrating the versatility of the concept. Fabricated surface
microchannel devices can optionally be vacuum sealed by anodic bonding.

One example of a device that can be realized in this technology is a thermal flow sensor
with a heater and temperature sensors on top of a channel segment that is thermally
isolated from the silicon substrate (figure 2). In this way, heat loss to the substrate is
minimized.

Another example of a successfully fabricated device is a flow sensor based on the
Coriolis effect (figure 3). A freely suspended part of the channel is brought into vibration
and Coriolis forces acting on the moving mass inside the channel result in a secondary
vibration in a different mode of which the amplitude is a measure for the mass flow. An
important advantage of Coriolis-based flow sensors is that they are sensitive to the true
mass flow, independent of flow profile, pressure, temperature and properties of the fluid
(density, viscosity, etc.). Because of the high ratio between the mass moving inside the
channel and the mass of the channel itself (thanks to the extremely thin channel wall) and
the relatively high resonance frequencies of micromachined structures an accuracy
better than 0.01 gram per hour was demonstrated. �

Figure 2: Thermal flow sensor on a freely suspended
microchannel.

Figure 3: Resonant tube structure (10 mm long, 40 µm
diameter) of a Coriolis-force based flow sensor.
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