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Characterisation of a Combined Plasma Sensor and its Application

to a Magnetron Sputtering Discharge

Thomas Welzel

1

, Karsten Harbauer

1

, Felix Kreis

2

, Klaus Ellmer

1

1

Helmholtz-Zentrum Berlin, Berlin, Germany 

2

Freie Universität Berlin, Berlin,

Germany

thomas.welzel@helmholtz-berlin.de

Plasma-based processes are prevailing in physical and chemical vapour

deposition of thin films. They offer advantages like low deposition

temperatures, high chemical reactivity, and scalability to large deposition

areas. Plasma processes provide electrons and ions which impinge on the

film surface with elevated energies. These energetic fluxes are often desired

to enhance adatom mobility but may also be detrimental depending on the

film material, e.g. for semiconductors, if the ion energy is too high. The

plasma assistance may further lead to the dissociation of reactive gases

enabling the deposition of compound films. To optimise such complex film

deposition processes, many basic physical parameters have to be known.

These are typically not provided by a measurement with a single technique

but require the application of different sensors, the results of which have to

be combined. To avoid falsification by a process drift or inhomogeneities of

the plasma, the sensors should be operated at the same place and time.

To achieve such a spatially and temporally correlated (and fast)

measurement, we have developed a new combined plasma sensor. It

includes three sensor functions that are described in the literature as single

sensors: (i) a quartz crystal microbalance to measure the film deposition

rate, (ii) a planar Langmuir probe to evaluate the plasma density, the

potential distribution, and the electron energies, and (iii) a heat flux sensor

based on the principle of a Gardon sensor. The compact construction of the

sensor is described in the article. Basically, the quartz crystal is modified to

additionally be biasable in order to serve as a planar Langmuir probe.

Furthermore, its heating up, due to the condensed film particles and the

energetic influx, is radiatively determined from its backside to evaluate the

heat flux from the plasma to its surface. The operation of the individual

sensor functions, with special emphasis to their interdependence, will be

presented. The application of the combined sensor to a typical deposition

process will be demonstrated exemplarily for a magnetron sputtering

discharge.
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