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In this paper we present results of derivative probe measurements made on micro 
atmospheric pressure plasma jet previously developed by Schultz van der Gathen and coworkers 
[1]. This technically relatively simple capacitively coupled device is typically operated at an 
excitation frequency of 13.56 MHz. μ-APPJ plasma source is interesting both for applications as 
well as for the study of fundamental processes. Capability of applying μ-APPJ for different 
treatments is due to mild non thermal plasma generated at atmospheric pressure in a mixture of a 
noble gas and a small amount of molecular gas (in our case 99% of He and 1% of O2).  

Determining adequate set of parameters in order to properly describe plasma is a very 
important task when it comes to reproducibility of desired plasma properties. Unpredictable 
changes in plasma properties can be caused by non-linearity of plasma impedance. For example, 
apparently neglectable change in matching network auto-set reflected power minima can cause 
significant variations in plasma properties due to this non-linearity [2]. This is manifested by drive 
frequency harmonics generation at external circuitry leads and by different amounts of power that 
are delivered to plasma. Therefore, power measured directly at power supply is not a 
representative parameter. On the other hand, derivative probes can provide us with the information 
about mean power delivered to the plasma and with harmonic composition of our signals.  Until 
recently derivative probes have been applied for discharges of higher powers (i.e. currents and 
voltages) but we were able to develop probes with sufficient sensitivity to make their application 
in micro discharges possible. 
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Fig. 1. Instantaneous current, voltage and power values for input power of 70 W and gas mixture flow rate 
of 1 slm. 
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We have used derivative probes [3, 4] to analyze volt-ampere characteristics of μ-APPJ for 

three different gas flow rates (1 slm, 2 slm and 3 slm). Current, voltage and power waveforms 
after the numerical procedure has been performed are shown in Figure 1. Numerical procedure 
consists of Fast Fourier Transform of current and voltage probe signals, followed by 
multiplication with adequate calibration curves in the frequency domain and finally of an Inverse 
Fast Fourier Transform. Power waveform is obtained by multiplying final current and voltage 
waveforms and mean power is calculated as an integral of this waveform (45 periods of 
13.56 MHz).  
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Fig. 2. URMS-IRMS characteristics of the μ-APPJ 
when increasing (Direct) and decreasing 
(Reverse) power given by RF power supply. Gas 
flow  was 2 slm. 

Fig. 3. Mean power values when increasing and 
decreasing input power. Gas mixture (1% O2 –
 99% He) flow was 2 slm.    

 
In Figure 2. URMS-IRMS characteristics of the discharge are shown. We can see that the 

discharge operates in alpha mode. When decreasing the power we have observed that plasma 
remains ignited even for the input powers lower than the powers needed for its initial ignition. In 
case when hysteresis occurs we can see that more power is transmitted to the plasma (see Figure 
3.) 
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