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Diamond-like carbon films for enhanced strain sensitivity
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Diamond-like carbon (DLC) films are well known for their hardness, friction,

and wear resistance making them an outstanding material for tribological

applications. Therefore, the mechanical properties of diamond-like carbon

films are already extensively studied. But diamond-like carbon films also

exhibit striking piezoresistive properties which makes them a promising

material for sensor applications. Due to the prevailing conduction

mechanism in DLC the film resistivity is dependent on the applied strain

which leads to quite high strain sensitivity (described by the gauge factor) of

piezoresistors made from diamond-like carbon. Compared to standard NiCr

based strain gauges the gauge factor of diamond-like carbon films can be

several hundred times higher - depending on the deposition conditions.

Compared to silicon still more than 5 times higher strain sensitivity can be

achieved - which is, in contrast to silicon, not dependent on the orientation

of the current path with respect to the substrate orientation, due to the

amorphous nature of DLC. Diamond-like carbon films for use as

piezoresistors are deposited from a hydrocarbon gas using

plasma-enhanced chemical vapor deposition. The deposition parameters are

very critical for reaching highest strain sensitivity. In this contribution, the

influence of major process parameters pressure, gas flow, substrate bias

voltage, and gas composition on the strain sensitivity are reported. The

deposition parameters were optimized for the highest strain sensitivity -

always bearing in mind that the films have to be produced under industrially

economic conditions. Therefore, the deposition rate plays an important role

as well as the capability of deposition on different substrate materials

ranging from polymers, requiring low substrate temperatures, to metals.

Highly strain sensitive diamond-like carbon piezoresistors can be used for a

new generation of force sensors - enabling the measurement of forces in the

nano Newton region.
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