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A combined sensor for the diagnostics of plasma und film properties in
magnetron sputtering processes
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Magnetron sputtering is one of the most widely used technologies to deposit

high-quality films on large areas with high rates. The possibility to significantly

manipulate the film properties by the sputtering process parameters offers a wide range

of applications like the deposition of metallic, magnetic, optical films and hard coatings.

New, recent technological applications, e.g. the fabrication of thin optical and electrical

films in the photovoltaic industry, however, require the exact knowledge of the relation

between film properties and process parameters on a physical basis. Easily controllable

technological parameters are gas pressure and composition, discharge voltage and

current as well as the discharge frequency. On the other hand, the densities and

energies of the species in the plasma, i.e., neutrals, ions, and electrons as well as the

electrical potentials determine the film growth (e.g. growth rate, substrate temperature)

and the structural and electrical properties. To tailor the sputtering, these plasma

parameters have to be determined using a variety of analytical methods.

We have combined different analytical methods by integrating different probes into one

compact sensor head to investigate various plasma parameters and the film growth

process simultaneously. A close arrangement of the different sensors enables spatial

resolution. The simultaneous application of the different methods is required to achieve

a real comparability of the different quantities by excluding any process drift or

instability (e.g. target consumption or contamination, variations in temperature or

pressure, or the discharge) or intentionally examining it. This paper describes the setup

of the combined sensor head. Integrated methods are a) a Quartz Crystal Microbalance

to determine the growth rate, b) a Langmuir probe to determine electron and ion

densities, electron temperature, and the plasma and floating potential, c) a Gardon

sensor to monitor the total energy flux, d) a potential measurement, and e) a

thermocouple. These are briefly sketched and their simultaneous application to reactive

and nonreactive magnetron sputtering is presented. For this purpose, a 2-in. circular

planar magnetron was positioned opposite to the combined sensor head, both being

moveable to allow spatially resolved measurements.
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