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1. INTRODUCTION
Research in the field of low pressure plasma has gained 

emphasis, mainly due to to its versatility and the various results 
obtained in the modification of material physical‑chemical 
properties 1. However, large scale use is limited mainly 
because of the high cost of vacuum installations, and its 
restricted use on high vapor pressure materials such as living 
tissues 2, 3. As a result, several alternative atmospheric or 
subatmospheric pressure plasma techniques, such as corona 
plasma, microwave, microhollow cathode discharge (MHCD), 
plasma torch and dielectric barrier discharge (DBD) 4.

The DBD technique consists of applying voltage pulses 
in the range of 5 to 40 kV and at 0,05 to 80 kHz frequencies 
4, 5 between two electrodes, at least one of which being 
coated with dielectric material. At the moment that rupture 
tension is reached, several micro-discharges spread onto 
the dielectric surface, yielding filamentary regime DBD 
plasma. When these micro‑discharges are more numerous, 
homogeneous and distributed, diffuse regime DBD plasma 
is achieved 6.

The aim of this paper was to produce a detailed study of 
DBD plasma behavior when altering the distance between the 
electrodes in the DBD equipment, as well as of the resulting 
plasma species. Plasma species is one of the key parameters, 

because it influences the amount of species obtained as well as 
the energy consumed during the treatment of materials, such 
as film deposition 7, 8, surface sterilization 9, polymers surface 
treatment 9, dental and skin treatments 10. This knowledge 
is of utmost importance not only to obtain better results in 
respective treatments, but also to offer minimal risk to the 
operator and user when used in biomedical applications.

2. MATERIALS AND METHODS
2.1 Experimental Device and Operations

In this present study, the dielectric barrier discharge(DBD) 
equipment developed at the labplasma (LabPlasma)laboratory 
was designed with enough features to meet the needs of the 
research carried out at Labplasma). The DBD reactor (fig.1) 
consists of a quartz tube sealed by two PTFE flanges in which 
one of the electrodes is anodic polarized (upper electrode) 
and the other is cathodically polarized (lower electrode). 
The anode is 40 mm in diameter whilst the cathode is 
30 mm in diameter. Above the cathode, a 56 mm diameter 
and 2 mm thick alumina disc was mounted. This disc acts 
as the dielectric.

The quartz tube is 110 mm long, with an inner diameter 
of 75 mm and 2,5 mm thick wall. The tube is inset 5 mm 
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deep in the teflon pieces. To ensure movement of the anode, 
a 0,1 mm precision ratchet was constructed. This piece 
allows a variance of distance between the electrodes of up 
to 100 mm, including during operation, without any risk of 
electrical accidents to the operator. In this configuration, the 
electric field generated by the difference in potential applied 
between the electrodes is homogenous, which guarantees 
that the generated plasma occupies all the volume delimited 
by the area immediately below the anode up to the dielectric 
surface that coats the lower electrode (cathode). In other words, 
the electrons that are accelerated by a uniform field acquire 
great energy and collide with gas molecules that occupy that 
region, promoting collisions that provoke excitation and/or 
ionization featuring a volume discharge (VD).

The plasma was generated using a high voltage pulsed 
DC source, with a 200 µs pulse width, obtaining better 
efficiency in plasma production in comparison to AC sources 11. 
The source used permits the variation of applied voltage from 
0 to 20 kV, and 200 Hz to 1,0 kHz frequency. To generate 
plasma inside the reactor it is necessary to identify the better 
distance and voltage between the electrodes, as well as the 
frequency. The parameters used in this study are shown in 
Table 1. In each stage, two parameters was fixed whilst a 
third was variable. As a result, electrical responses, discharge 
configuration and plasma species generated were analyzed. 
The total energy consumed and potency of the system were 
determined from Lissajous Figures built with the assistance 
of an oscilloscope. The plasma configuration was recorded 
by photos taken during each discharge application, and the 

plasma species were identified with the aid of an Optical 
Emission Spectrometer.

Two very distinct techniques were used to characterize 
the plasma. The first, Lissajous Figures, was used to obtain 
with great precision the electric parameters involved in the 
discharge, such as consumed electric energy Eel, potency and 
capacitance CT. The second technique used was plasma diagnosis 
using Optical Emission Spectroscopy. All the experiments 
lasted 1 minute. The electrical measures were performed 
by an Agilent MSO‑X 2002 2 Channel Oscilloscope which 
allows the obtention of up to 1 giga samples and a resolution 
of 0.014 µs, as well an Agilent N2771B High Voltage Probe 
1000:1 30 kV 50 MHz. To calculate the charge transported 
in each cycle of plasma production, a 2,47nF capacitor was 
set in series with the reactor outlet. All electrical measures 
were performed simultaneously with optical measures, as 
schematically illustrated in Figure 2.

To generate the Lissajous Figure on the oscilloscope 
screen at the X‑axis were inserted the voltage values applied 
in the DBD reactor electrodes (measured with high voltage 
probe 1000:1), and at the Y‑axis were inserted the tension 
values measured by the capacitor. The charge value was 
obtained indirectly by multiplying the voltage (V) by the 
capacitance of the capacitor. These procedures provide the 
graphic known as Lissajous Figure shown in Figure 3 (a‑c).

OES data was obtained using a USB4000 UV‑VIS 
Spectrometer which has a maximum resolution of 1,5 nm. 
Spectra acquisition was obtained through an optical fibre 
positioned between the two electrodes at a distance of 1,0 mm 
from the edge of the anode shown in Figure 2, to guarantee 
better efficiency in results. The spectral responses from the 
varied parameters involved in this research were verified in 
real time during the plasma generating process. Three spectra 
of each parameter researched were acquired. All spectra 
present in this study are actually the weighted averages of 
these three measures, which guarantee more reliable results 
as potential errors from oscillation of the intensity of plasma 
DBD species, mainly in filament regime 12, are minimized.

Table 1. Parameters used in this study.

Condition Distance 
(mm)

Frequency 
(Hz)

Voltage 
(KV)

D5F6V15 0,5 600 15
D10F6V15 1,0 600 15
D15F6V15 1,5 600 15
D5F5V15 0,5 500 15
D10F5V15 1,0 500 15
D15F5V15 1,5 500 15
D5F4V15 0,5 400 15
D10F4V15 1,0 400 15
D15F4V15 1,5 400 15

Figure 1. DBD reactor design

Figure 2. Experimental scheme used for electrical and optical 
measurements of DBD discharge.
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3. RESULTS AND DISCUSSION
3.1 Analysis

When analyzing the lines obtained from OES, we observed 
that the most intense were N2 (357 nm) and N2 (337 nm) 
followed by three peaks all in the UV region. These results are 
consistent with those obtained in literature 13. When applying 
a potential difference of 15 kV between electrodes during 
200 µs (pulse width) in frequencies of 400, 500 and 600 Hz, 
spectra for electrical and optical measurements were obtained 

as shown in Figures 3 (a‑c) and 3 (d‑e), respectively. Analysis 
shows that in the shortest distance between the electrodes 
the highest spectral intensity occurred. However, it was 
also verified that the energy per cycle Eel in this condition 
is higher. In other words, a higher density of active species 
was obtained due to higher energy consumption. If, on 
the one hand, energy consumption is a negative factor in 
industrial applications, on the other the spectra intensity 
reflects the density of active species which is important for 
surface modifications.

Figure 3. (a ‑ c) Lissajous Figures (loading curves) varying distances between electrodes at 400,500 and 600Hz frequencies, (d ‑ e) spectra 
intensities obtained in experiments.
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Therefore, a parameter that provides an indication of 
active species density per energy consumed can be very 
important in evaluating the performance efficiency of a DBD 
device. Since the major species for air atmospheric discharge 
are in the range of 300 nm to 420 nm, corresponding to N2 
spectra lines (C3Πu-B

3Πg) 
14, the integral spectra intensity can 

be provided by the value in equation 1 15, 16, obtained from 
the area under the curve shown in Figure 3 (d‑e). As such, 
the Is/Eel ratio provides the DBD reactor efficiency in active 
plasma species production. Table 2 demonstrates the Eel, Is and 
Is/Eel values for all three distances and frequencies studied. 
Observations show that in the case of the shortest distance 
between electrodes the device was at its highest efficiency 
(Is/Eel)

17, the only exception being when a 500 Hz frequency 

was used. In this case, the highest efficiency occurred at a 
distance of 1,0 mm.

( )
420

s
300

I I dλ λ= ∫   (1)

4. DISCUSSION
Regarding reactor capacitance in relation to distance, 

variations in capacitance are expected whenever there are 
changes in distances between electrodes. In fact this event 
is observed when we verify the dQ/dV inclination for total 
capacitance. These calculations were made for the three 
distances studied in 400, 500 and 600 Hz frequencies. 
These values are shown in Table 3. These results are in full 
accordance with equation 2 18. As the dielectric thickness is 
constant, the increase in distance between electrodes causes 
the decrease in the total capacitance of the reactor.

dQ
dV

=TC  (2)

Analyzing the data shown in Table 3 and comparing with 
images showed in Figure 3 (d‑e) it is possible to note that 
the increase in spectra activity in the UV region follows the 
same pattern of capacitance increase, which has the same 
behavior in the visible region shown in Figure 4, where 
the highest brightness is always obtained in the largest 
capacitance condition. However in 0,5 mm, 15 kV and 
600 Hz conditions this fact occurs spending less energy. 
All this data explains that this condition obtains the best 
reactor efficiency in producing active species, allowing us 
to infer that this condition is the best one found in this study.

5. CONCLUSIONS
Analyzing the results we conclude that the main spectra 

lines observed during dielectric barrier discharge at atmospheric 
pressure refers to N2 excited spectra.

The highest spectra intensities were observed when the 
smallest distances between the electrodes were used, because 
at all frequencies the highest intensities were obtained in this 
parameter. This fact was verified in UV and visible ranges. 
The best efficiency of the DBD reactor was obtained at 
600 Hz frequency, because the distance used has the highest 
spectra intensity and the consumed energy is lower.

Table 2. Electrical energy consumption per cycle (Eel), Integral spectra intensity (Is) and DBD reactor efficiency (Is / Eel) 

Distance (mm) Frequency (Hz) Eel (mJ) Is Is / Eel

0,5 400 2,30 40351 17544
1,0 400 2,76 36300 13152
1,5 400 2,70 20364 7542
0,5 500 2,65 522389 19713
1,0 500 1,86 37378 20096
1,5 500 1,58 25329 16031
0,5 600 2,00 59918 29959
1,0 600 2,40 43913 18297
1,5 600 2,78 27992 10069

Table 3. DBD reactor total Capacitance for distance variations at 
400,500 and 600 Hz frequencies

Condition CT (pF)
0,5 mm‑15 kV‑400 Hz 11,70
1,0 mm‑15 kV‑400 Hz 11,45
1,5 mm‑15 kV‑400 Hz 9,49
0,5 mm‑15 kV‑500 Hz 11,04
1,0 mm‑15 kV‑500 Hz 8,40
1,5 mm‑15 kV‑500 Hz 7,58
0,5 mm‑15 kV‑600 Hz 11,54
1,0 mm‑15 kV‑600 Hz 11,15
1,5 mm‑15 kV‑600 Hz 9,61

Figure 4. Visible Optical emission intensity resulting from atmospheric 
DBD at 600 and 500 Hz frequencies.
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