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Enhancement of tribomicroplasma with microwave
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Tribomicroplasma, which is a plasma generated in a small gap between insulators

sliding against each other, has been suspected as one of the main causes of

tribochemical reaction, decomposition of oil in the friction and one of the mechanisms

of generation and loss of friction charging phenomenon. It is also expected to apply

tribomicroplasma to in-situ coatings for contact track. Furthermore, it is strongly

desired to clarify the effect of tribomicroplasma on ultra-low friction phenomena.

However, tribomicroplasma is a very small localized plasma, and thus the effect of

tribomicroplasma on friction, wear, tribochemical reaction, etc., is not perfectly

clarified yet. In this study, we intended to enhance tribomicroplasma by application of

microwaves, and then clarify the effect of tribomicroplasma on friction. As a first step

of our study, how to make microwave power absorbed by tribomicroplasma was

considered by using electromagnetic wave simulation employing COMSOL (ver4.4).

To study the microwave propagation from waveguide to tribomicroplasma region,

tribomicroplasma with an electron density of 10

16

 m

-3

 was assumed between sapphire

pin 8 mm in diameter and 2-inch silicon disk coated with CNx (Carbon Nitride) thin

film; note that the dimensions of the pin and disk were taken from a pin-on-disk friction

tester employed practically for tribomicroplasma observation. In the numerical model

employed, we defined the plasma as a material having plasma equivalent dielectric

constant and plasma conductivity. As a waveguide for microwave, stripline is

constructed so that Cu line 1 mm in width and Cu back plate sandwiches the silicon

disk. Because the disk is rotated in an actual system, the Cu line was set 0.1 mm

above the silicon disk not to contact with the disk. Calculations were conducted for

microwave frequencies from 1 to 10 GHz with every 1 GHz. For comparison, the

model with no plasma region was also simulated. As the result, electric field was

increased at plasma region at all frequency calculated, and reaches the maximum at

8 GHz. It was confirmed that the proposed structure using stlipline can input

microwave power to tribomicroplasma.
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