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Atmospheric pressure plasmas in particular micro-discharge devices have tremendous 

application potential and are already used and targeted for a variety of technological and bio-

medical applications. The interest in such discharges arises primarily in their ability for localised 

treatment and also the significant cost reduction for processing compared to their low pressure 

counterparts. Atmospheric pressure plasma jets (APPJs) as introduced by Selwyn et al. [1] and  

Hicks et al. [2] can provide high concentrations of radicals at a low gas temperature, particularly 

for modification of sensitive surfaces, such as in biomedicine or for surface coatings.  

Nevertheless the fundamentals of these non-equilibrium plasmas at ambient pressure are 

only rudimentarily understood. In general, the diagnostics of atmospheric pressure plasmas is 

extremely challenging due to their very small structures and the collision dominated high pressure 

environment demanding exceptionally high temporal resolution down to pico-seconds. Modelling 

and numerical simulations are mainly restricted due to the lack of available data, particularly for 

surface processes which are crucial at these small dimensions because of the extraordinary high 

surface to volume ratios. The most promising approach is exploiting the synergy of combining 

modern diagnostic techniques with modelling and/or simulation. The lack of available data for the 

modelling and simulation can be overcome by using experimentally measurable quantities as fixed 

input parameters in the model. 

Here this synergy is discussed on the example of a radio-frequency (rf) micro atmospheric 

pressure plasma jet (µ-APPJ). This device has been specially designed to provide an excellent 

optical diagnostic access to the discharge volume. It consists of two stainless steel electrodes 

which are inserted into a block-shaped synthetic quartz cuvette. The length of the discharge 

channel is 30 mm and the electrode gap is variable with a typical value of 1 mm. One electrode is 

driven by an rf-generator (13.56 MHz, typically 30-50 W), the other is grounded. The µ-APPJ is 

operated with a helium gas flow containing a small admixture of molecular oxygen (~0.5 %). A 

more detailed description of the set-up can be found in [3]. 

Surface effects are crucial especially for atomic oxygen radicals and excited metastable 

particles being produced in the discharge. Sticking coefficients for surface losses depending on 

surface properties and temperatures are ill-defined and, therefore, are one of the major limitations 

for modelling and simulation results, in particular in high pressure enviroments. This obstacle can 

be overcome by directly coupling experimentally determined absolute densities of atomic oxygen 

as a fixed parameter into a numerical simulation. Absolute atomic radical densities are measured 

using two-photon absorption laser-induced fluorescence (TALIF) spectroscopy. This approach 
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does not only provide more accurate results from the simulation, it also allows the indirect 

determination of effective sticking coefficients for the corresponding experimental conditions. 

TALIF spectroscopy is a common diagnostic for temporally and spatially resolved 

detection of light atoms in the ground state. The species are excited by simultaneous absorption of 

two UV laser photons. The subsequent fluorescence radiation from the laser excited state is 

recorded. The fluorescence yield depends on a variety of experimental and atomic quantities. The 

absolute atomic ground state density can be deduced by means of a calibration method, e.g. on the 

basis of a comparative TALIF measurement using a stable noble gas reference [4]. At elevated 

pressures it additionally becomes necessary to account for collisional-induced quenching of the 

laser excited state. Data for individual quenching rate coefficients corresponding to the excited 

state and the collider species are often available. Mostly they were deduced from lifetime 

measurements in simple medium pressure environments, e.g. discharge flow-tube systems, with 

the aid of ns-lasers. Nevertheless, it is impossible to recalculate the local effective quenching rate 

in a complex collision-dominated media without sufficient knowledge of the collider composition. 

For example, in the core plasma of the µ-APPJ we expect significant fractions of electrons, ions 

and different metastables, like excited helium atoms, excited oxygen molecules as well as ozone – 

for these species the relevant quenching rate coefficients are not known. Therefore, we aim at 

setting up a tunable UV Fourier-limited pico-second laser system (1 cm-1, 10 ps) for actually 

resolving the temporally quenched fluorescence decay (estimated lifetime of about 100 ps) under 

the conditions stated.  

The presented one dimensional (1D) model is a numerical fluid-model along the discharge 

gap of the µ-APPJ using the finite element method (FEM). The model is based on the 1D model 

of an atmospheric pressure rf-excited plasma needle developed by Sakiyama and Graves [5]. A 

variety of species is considered e.g. electrons, ions, neutrals, radicals, excited metastables, etc. The 

governing equations are Poisson’s equation, the continuity equations of the considered species in 

the drift-diffusion approximation and the electron energy equation. The equation system is solved 

using a time-dependent solver implemented into the commercial COMSOL software [6]. The 

sticking coefficient for atomic oxygen loss at the electrode surfaces is varied until consistency 

with the locally measured atomic oxygen ground state density is reached. 
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