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Abstract -- Emission spectra were measured by use of an 

ICCD camera, and a spectrometer which was attached a fiber 
optic. Photos of microdischarges were taken using a microscope 
and a digital camera and an ICCD high speed camera. A self 
made fiber optic with 100 µm diameter was used in order to have 
an accurate measurement of a small part of the microplasma 
discharge. A negative pulse Marx Generator was used to 
energize the electrodes. Experiments were carried out at 
atmospheric pressure in Ar and N2/Ar mixture. Discharge 
voltage was negative pulse, rise time 100 ns, width 1 µs at 1 kHz. 
The electrodes used had 3 mm holes diameter and the discharge 
gap was set at 100 µm. Microplasma was measured in different 
points along the discharge gap. The spatial and temporal 
distribution showed characteristics that suggested the 
microplasma formation and its evolution across the discharge 
gap. 
 
Index Terms—microplasma, dielectric barrier discharge, 
emission spectroscopy, pulse power, Marx Generator.  

I.   INTRODUCTION 

Microplasma applications are ranging from NOx removal, 
indoor air treatment, to sterilization of bacteria or surface 
treatment of polymers [1-4]. Our microplasma is a dielectric 
barrier discharge at atmospheric pressure [5]. Among 
nonthermal plasma technologies, this technology has 
advantages due to its small size of reactor and power supply.  

There are particularities of physics and fundamental 
aspects of microplasma that need to be studied in order to 
furthermore develop and optimize the applications. Emission 
spectroscopy and the imaging techniques methods for plasma 
analysis [6-11]. One of the characteristics of our microplasma 
is the small discharge gap bellow 100 µm that makes difficult 
to measure and observe the phenomena. Dielectric barrier 
discharges have been used since Siemens proposed this 
technology for producing ozone. Eliasson et al. in their study 
[12] characterized the dielectric barrier discharges and the 
process of ozone synthesis from oxygen and reviewed also 
various techniques for the measurement and visualization of 
micro-discharges. We already reported some of the 
characteristics of microdischarges in microplasma [13]. In 
this paper a study regarding spatial and temporal distribution 
of microplasma is presented. 

II.   EXPERIMENTAL SETUP 

Emission spectra were measured by an ICCD camera 

(Ryoushi-giken, SMCP–ICCD 1024 HAM-NDS/UV), and a 
spectrometer to which was attached a fiber optic (Fig. 1). 
Photos of microdischarges were taken using a high speed 
ICCD camera (Princeton Instruments, PI-MAX 3). A self 
made fiber optic with diameter of about 100 µm was used in 
order to have an accurate measurement of a small part of the 
microplasma discharge. A negative pulse Marx Generator was 
used to energize the electrodes [7].  

Emission spectroscopy experiments were carried out at 
atmospheric pressure in Ar and N2/Ar mixtures. Discharge 
voltage was negative pulse, rise time 100 ns, width 1 µs at 1 
kHz (Fig. 2).  

 
Fig. 1.  Experimental setup 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Waveforms of discharge voltage, discharge current and gate signal 

for ICCD camera. 
 
 
Due to small discharge gaps (0~100 µm) and to the 

assumed specific dielectric constant of the dielectric layer (εr 
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= 104), a high intensity electric field (107 ~108 V/m) could be 
obtained with relatively low discharge voltages around 1 kV 
[1]. The electrode size was 20 mm versus 40 mm. They have 
holes to flow the gas, with a diameter of Ø 3mm and an 
aperture ratio of 36%. The discharge gap was set at 100 µm 
using a spacer. Microplasma was measured in different points 
along X axis by varying the position of the electrodes as 
shown in Fig. 3. 

 
Fig. 3.  Electrode arrangement for measuring spatial and temporal 

distribution of light emission. 
 

III.   RESULTS AND DISCUSSIONS 

A.   Emission Spectroscopy 
The emission spectrum of the microplasma discharge in Ar 

and Ar/N2 mixture showed high intensity peaks of N2 second 
positive band system (N2 SPS 315.9 nm, 337.1 nm, 357.7 nm, 
380.4 nm) [14] and OH peaks (306 ~ 309 nm) [15] (Fig. 4). 
The emission spectrum of the microplasma discharge in Ar in 
the ultraviolet region showed high intensity peaks of OH (Fig. 
5).  

For the discharge in pure Ar high intensity peaks 
corresponding to ArI were measured in the violet and red 
regions [16]. The highest Ar I intensity peak was measured at 
696.5 nm (Fig. 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4.  Emission spectrum of microplasma in Ar and N2/Ar mixture in 

ultraviolet region. Discharge voltage was 1 kV. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.  OH peaks measured in microplasma discharge in Ar. Discharge 
voltage was 1 kV. 
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Fig. 6. Ar I peaks in red region for microplasma discharge in Ar. Discharge 

voltage was 1 kV. 
 

B.   Temporal Emission Measurements 
The intensity of Ar I peak at 696.5 nm was measured along 

X axis using experimental setup shown in Fig. 3 by varying 
across X axis with 20 µm incremental steps the position of 
electrodes versus the fiber optic. Microplasma was generated 
in pure Ar at 1 kV.  

The gating of ICCD camera was temporally placed by 
varying the delay of the trigger circuit at moments 
corresponding to the time evolution of discharge current. It 
was considered the time origin the moment when discharge 
current started to rise. The opening time of ICCD camera was 
15 ns with rise time and fall time of 6 ns each, thus it could be 
considered that the effective opening time was 3 ns.  

The highest intensity was measured after 20 ns from the 
beginning of the discharge and the tendency is to evolve 
towards the cathode as shown in Fig. 7. The discharge gap 
was about 100 µm as shown in the figure were with dotted 
lines are delimitated the electrode walls. The delimitation of 
the electrodes and the position of the discharge gap on X axis 
could have some errors due to the asperities on the electrodes 



  

which makes the discharge gap to vary with ± 20µm from the 
stated 100 µm. The Ar I peak at 696.5 nm was the highest 
intensity peak of the emission in argon thus its time evolution 
could be correlated with discharge current characteristics.  

Relative intensities corresponding to each incremental time 
step for the same peak are shown in Fig. 8. According to these 
values, it could be observed that at the initial moments of the 
discharge the intensity was higher towards the anode and after 
that it moved towards cathode.  

The intensity of N2 SPS peak at 337.1 nm was measured 
along X axis. Microplasma was generated in 1% N2 in Ar at 1 
kV.  

Opening time of the camera was considered to be 3 ns. It 
was considered the time origin the moment when discharge 
current started to rise. 

For each time step measurement along the X axis it was 
calculated the relative intensity of N2 SPS peak and plotted 
against the measurements positions on X axis (Fig. 9). The 
discharge gap was about 100 µm as shown in the figure were 
with dotted lines are delimitated the electrode walls.  The 
surface plot depicted in Fig. 9 represents only the relative 
intensities for each time step measurement. Thus 
measurement corresponding to one time the step could not be 
compared in term of absolute intensity with other but the plot 
shows how the area with highest intensity at a given moment 
varies inside the discharge gap. Thus it could be observed that 
at the beginning of discharge the highest intensity was 
measured near anode and after 20 ns, it started to shift 
towards cathode and back to anode after 130 ns. 

The spatial and temporal distribution of intensity peak of 
N2 SPS at 337.1 nm could be interpreted as an indication of 
electron density [17-20]. 
The measurements of Ar I peak at 696.5 nm and OH peak at 
308.9 nm were performed in a single point in the middle of 
the discharge gap at various time positions of discharge 
current. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.  Spatial distribution of Ar I intensities for microplasma discharge in 

Ar at 1 kV. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8.  Spatial distribution of Ar I relative intensities for microplasma 

discharge in Ar at 1 kV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.  Spatial distribution of N2 SPS peak at 337.1 nm relative intensities 

for microplasma discharge in 1% N2 in Ar at 1 kV. 
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Fig. 10.  Temporal evolution of Ar I peak at 696.5 nm and OH peak at 
308.9 nm relative intensities during discharge. 
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The time increment was 5 ns. In Fig. 10 is shown that the 
temporal evolution of the intensities of Ar I peak which has 
the maximum intensity after about 75 ns and that of OH peak 
after about 185 ns. Moreover the maximum intensity of OH 
peak corresponds to the almost lowest value of emission for 
the Ar I peak. This suggests that the OH radical was 
generated not by direct electron impact but by the reaction 
with excited Ar. The time origin was considered the 
beginning of the discharge current rise. The OH peak 
intensities were measured up to 680 ns when the value of the 
discharge current was almost 0. 
Thus the presence of emission corresponding to OH peak 
could be attributed to the interaction of the metastable Ar 
atom with the traces of the water vapor in the reactor [21]. 
Metastables Ar* (3P2) can dissociate or excite H2O molecules 
to OH (A2Σ) [22]: 
 
Ar
�
(3P2,0) + H2O � OH(A2Σ) + Ar + H   (1) 

 

C.   Observation of Microdischarge 
Dynamics of microdischarge was observed with high speed 

ICCD camera for microplasma in 1% N2 in Ar at 1 kV. Gate 
time of ICCD camera was set at 3 ns (Fig. 11). The trigger 
signal was set initially at the time when the discharge current 
started to rise and this was considered as time origin. The 
time setting was then increased with 5 ns for each 
measurement.  

Images show that with each 5 ns incremental steps the 
distribution of light emission in the gap was different 
suggesting the waves of light intensity that started directly 
from the anode (grounded) and propagate towards the 
negative one (cathode) (Fig. 12). The initial electron 
avalanche starting from cathode until reaches the anode and 
after the cathode directed streamer could be considered that 
was captured in the first image from Fig. 12. The gating of 
ICCD camera was set at 3 ns thus first image shows the 
phenomena up to 3 ns. Then the cathode layer development 
and cathode layer enhancement were observed [23-24].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 11.  Discharge voltage, corresponding discharge current and gate 
signal for ICCD camera for the microplasma discharge in 1% N2 in Ar. 
 

The initial phenomena of electron avalanche from cathode 
and the cathode directed streamer are difficult to capture 
mainly due to the small discharge gap characteristic to our 
microplasma. Finally the post discharge phenomena was 
observed starting from about 110 ns. Weak light intensity was 
measured up to 265 ns. According to N. Sewraj et al. the 
electron avalanche from cathode has an average speed of 2.5 
× 105 m/s and the cathode directed streamer an average speed 
of 5 × 105 m/s [23]. This data was obtained at 50 torr in pure 
nitrogen. Thus in a 100 µm discharge gap considering the 
above mention speeds the electron avalanche from cathode 
needs 0.4 ns to reach the anode and after the cathode directed 
streamer reaches the cathode in 0.2 ns.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12.  Temporal evolution of light intensity during microplasma 
discharge in 1% N2 in Ar at 1 kV. 
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The evolution of the optical emission was recorded at 
atmospheric pressure for a DBD in He at atmospheric by F. 
Iza et al [25]. Phenomena recorded for plasma generated with 
a 250 ns pulse in a 3 mm gap showed how emission started 
from anode and moved to cathode within a time period of 
about 40 ns then up to 110 ns the mission became more 
intense across the gap.  
 

IV.   CONCLUSION 

Emission spectroscopy and imaging measurements were 
carried out for analyzing the spatial and temporal evolution of 
microplasma. The following conclusions were obtained: 

1) Spatial and temporal distribution for the Ar I peak at 
696.54 nm and N2 SPS peak at 337.1 nm inside the discharge 
gap shown a maximum intensity towards the anode for the 20 
ns corresponding to the rise time of discharge current and it 
shifted after towards cathode.   

2) Spatial and temporal distribution of light emission from 
microplasma in 1% N2 in Ar was observed for about 265 ns 
corresponding to the duration of discharge current. Light near 
the negative electrode was preceded by the waves of light 
intensity that started directly from the anode and propagated 
towards the cathode. 
This clarifies some of the fundamental aspects of 
microplasma which can lead to a furthermore development 
and optimization of the technology for various applications.  
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