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Fig. 1: Spatio-temporal dynamics of energetic electrons obtained experimentally (a–c) and by simulations (d–f) 
for different voltage waveforms (g–i) in a μAPPJ (He/N2 (1000/1), N consecutive harmonics of 13.56 MHz [1]). 
 
Micro atmospheric pressure plasma jets (μAPPJ) are frequently used for various applications 
of high societal relevance and broad impact such as wound healing, sterilization, cancer 
treatment, and materials processing. For these applications the efficient generation of reactive 
particle species such as reactive oxygen and nitrogen species (RONS) at room temperature is 
crucially important. Most μAPPJs are capacitively driven at a single frequency. In these 
plasma sources, the control of reactive particle generation is limited due to a lack of concepts 
to control the Electron Energy Distribution Function (EEDF). Such control is, however, 
required to customize and to optimize the generation of reactive species by processes driven 
by electron impact such as dissociation of molecular gases. In this work, we demonstrate that 
Voltage Waveform Tailoring (VWT) allows to customize the spatio-temporal dynamics of 
energetic electrons and to control the EEDF in distinct spatio-temporal regions of interest 
inside the active plasma volume. Based on a synergistic combination of various experimental 
diagnostics and computational simulations performed for the COST reference plasma jet 
operated in helium with different admixtures of N2 and O2, we show that VWT allows to 
control and optimize the generation of helium metastables as well as RONS [1-3]. These 
findings are explained based on a fundamental understanding of the electron dynamics with 
high spatial and temporal resolution on a nanosecond timescale.  
 
[1] I. Korolov et al. 2019 Plasma Sourc. Sci. Technol. 094001  

[2] A. Gibson et al. 2019 Plasma Sourc. Sci. Technol. 28 01LT01  

[3] I. Korolov et al. 2020 J. Phys. D in press (https://doi.org/10.1088/1361-6463/ab6d97) 

Figure 4. Normalized spatio-temporal plots of the electron impact excitation rate from the ground state into He I3S1 obtained experimentally
(!rst row) and from PIC/MCC simulations, for different numbers of consecutive harmonics (‘peaks’-waveform). The positions of the sheath
edges are shown as a solid white line (second row). The data are plotted for different driving voltage waveforms shown in row 3. The fourth
row shows EEPFs averaged over different spatio-temporal regions of interest marked in row 2. The black solid line corresponds to the EEPF
averaged over the entire electrode gap and RF period of the fundamental driving frequency. The !fth row shows the time averaged helium
metastable density pro!le extracted from the PIC/MCC simulation. The powered electrode is located at x!=!0, while the grounded electrode
is at x!=!1 mm. The base frequency is f!=!13.56 MHz, the "ow ratio is He/N2!=!1000/1 (1 sccm N2 "ow).
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