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Introduction

Cold atmospheric pressure plasma jets (APPJ) are the
subject of intensive studies [1]. To generate such jets,
various types of discharge and a geometry of the
discharge units are used [2]. Earlier, we conducted a
study of the APPJ source based on the volume
dielectric barrier discharge (DBD) [3, 4]. In this
presentation, we present the results of a study of an
APPJ generator based on a coaxial surface dielectric
barrier discharge (SDBD).
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Motivation
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Motivation

We want to be able to make conclusions about the
capacity of the discharge unit based on the length of the
discharge region and vice versa.

We had a hypothesis that the electric capacity of
dielectric barrier discharge (DBD) unit will increase in
proportion to the propagation length of the discharge
plasma sheath.

That’s why we measured voltage across the DBD
discharge unit and the current signals through the
discharge circuit as well as the atmospheric pressure
plasma jet (APPJ) sheath length.
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The main idea

We computed the discharge unit capacity for two
electrode assemblies under applied sinusoidal voltage
signals with varied amplitude but the same frequency f =
25 kHz and compared how APPJ length correlates with
these capacities.

To calculate the capacity we assumed the impedance was
mainly capacitive 𝑍~ Τ1 𝜔𝐶. Then the capacity 𝐶 with
constant frequency 𝑓 = 26.5 kHz is determined by
amplitude voltage 𝑉𝐴𝑚𝑝 and average current 𝐽𝐴𝑣𝑔:

𝐶 = 𝐽𝐴𝑣𝑔/ 4𝑓𝑉𝐴𝑚𝑝
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The main idea

The capacity of DBD unit was measured by RLC-meter
and was close to the capacity of a cylindrical capacitor:
𝐶0 = Τ2𝜋𝜀𝜀0𝑙 ln( Τ𝑏 𝑎) = 10 pF, here 𝑎 is the radius of
the inner electrode, 𝑏 is the radius of the outer
electrode, 𝑙 is length of the outer grounded electrode, 𝜀
is the dielectric constant for fluoroplastic insulation, 𝜀0 is
the electric constant.

Additional capacity was calculated from the length ∆𝑙 of
the APPJ sheath:

𝐶 = 𝐶0 + 2𝜋𝜀𝜀0∆𝑙/ln(𝑏/𝑎)
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Experimental setup
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Experimental setup

1 - Laboratory transformer;
2 - AC generator (sinusoidal shape, f = 26.5 
kHz, U = 0 ÷ 5 kV);
3 - High voltage probe (Tektronix P6015A);
4 - DBD unit holder;
5 - Oscilloscope .
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Surface dielectric barrier discharge 
(SDBD) unit

The SDBD unit: 1) central high voltage electrode diameter 4 mm;
2) fluoroplastic insulation; 3) external foil electrode (grounded)
diameter 6 mm; 4) quartz tube; 5) gas fitting.
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Electrode assemblies

Electrode assemblies with
dielectric surface lengths of 25 mm
(a) and electrode assembly with
dielectric surface lengths of 45 mm
(b).
Both high voltage electrodes are 4
mm in diameter.
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Measurement circuit
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1. Rod electrode (high 
voltage; d = 4 mm);
2. Outer foil electrode 
(grounded, d = 6 mm);
3. Fluoroplastic insulation;
4. Quartz tube (d = 7 mm 
diameter, thickness 1 mm);
5. Gas inlet (He / Ar);
6. High voltage probe 
(Tektronix P6015A);
7. AC power source 
(sinusoidal shape; f = 26.5 
kHz; U = 0 ÷ 5 kV).



Results and discussion
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APPJ Photos

• Discharge along dielectric surface
with length of 25 mm in argon (a1-
a3) and helium (b1-b3) at voltage
amplitude of 1.8 (a1,b1), 2.8
(a2,b2) and 4.6 kV (a3,b3).

• Discharge along dielectric surface
with length of 45 mm in argon (c1-
c3) and helium (d1-d3) at voltage
amplitude of 1.9 (a1,b1), 2.9
(a2,b2) and 4.5 kV (a3,b3).

• Dash lines: (1) is a grounded foil
electrode border; (2) is a high
voltage rod tip position inside
dielectric insulation; (3) is
dielectric insulation tip and (4) is a
quartz tube edge.

13



Capacity and APPJ length vs voltage

APPJ length versus amplitude voltage and the
calculated geometric capacitance Cg of the discharge
unit for electrode assemblies with dielectric surface
length of 25 (a) and 45 mm (b).

The discharge unit capacity versus amplitude
voltage for electrode assemblies with dielectric
surface length of 25 (a) and 45 mm (b).

14



Conclusion

The calculated capacitance based on the
measurements of the average current and amplitude
voltage values allows to estimate the length of
discharge region.

It was determined that the capacity of the discharge
unit agreed with the calculated capacity based on
length of the discharge region.
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