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A single-side multi-stripes (cage-type discharge electrode) AC surface dielectric barrier 

discharge in N2 at atmospheric pressure driven under pulsed regime has been investigated by  
Optical-Optical Double Resonance Laser Induced Fluorescence (OODR-LIF) and by OES looking 
at the relaxation of N2(A) metastable spaced and time resolved. 

A previous study [1] carried out on a similar (comb-type discharge electrode) N2 surface-
DBD, driven by AC 11 KHz under continuous running regime, revealed a non negligible density 
of N2(A) metastable in the space afterglow by OODR-LIF [2]. It was found that in the space 
afterglow the N2(A) variation in the voltage cycle was much smoother than that in the plasma 
layer monitored by NOγ plasma emission. Actually we have a new alumina discharge plate with 
deposited metallic stripes showing much regular microfilaments developing from the metallic 
stripes above the dielectric ones.   

We have addressed a new study in AC (5 KHz and 9.2KVpp) DBD driven under pulsed 
regime of different duration TON =1-10 ms, in which a packet of 5-50 voltage cycles occurs, 
followed by a period of null voltage TOFF= 20 ms by looking at:  

 
1. N2(A) in the space afterglow detected by OODR-LIF at about 1 mm from the discharge 

surface. The measurement allows exploring the density build-up when the discharge is 
ignited, the evolution in the AC voltage and the decay when the discharge is switched 
OFF.  

2. NO(X) detected by 226 nm single photon LIF at different N2-NO composition, in which 
NO is varied in small amount in the range 0.3 - 60 ppm. This allows investigations on 
the quantitative correlation of the nitrogen triplet metastable with NO(A) excitation by 
N2(A) metastable during the pulsing of the discharge; 

3. Spectra by a gated intensified CCD and intensity monitoring by oscilloscope and 
photon counter of the decay of the Herman infrared and NOγ band emission from  
discharge to post-discharge regime at different N2-NO gas feed compositions.  Such 
detailed spectroscopic approach has allowed to focus on the existing correlation of 
N2(A) decay with those of nitrogen Herman Infrared (HIR) and NOγ emissions suitable 
for in-situ absolute calibration of OODR-LIF.   

 
In Figure 1, we show the OODR-LIF signal measured  for the case TON= 3 ms TOFF= 20 ms  at 1 
mm from the discharge surface in N2 containing 0.3 ppm of NO and less than 2ppm of O2. The 
measurement indicates that: 



 
a) At the switching ON of the discharge pulse, N2(A) in the space afterglow builds up with 

some delay (about 2 ms) with respect to ignition of the discharge monitored by plasma 
emission (N2 SPS bands), that varies with the current/voltage cycle.  

b) For cases of TON >3 ms, after the building-up N2(A) OODR-LIF signal, time resolved in 
the voltage cycle, remains almost constant in both polarity of the voltage cycle, 
confirming our previous insights achieved in a somewhat different surface-DBD [1]. 

c) At switching OFF of the discharge, N2(A) decays as a single exponential in millisecond 
time scale. This rather long time constant that agrees with the build-up time, indicates 
that the decay is likely due to diffusion and that the density of quenching species is not 
significant. The addition of 1-60 ppm of NO to N2 does not change appreciably the 
decay of N2(A) although the quenching by NO would be effective in this time scale. 

d) NO density (calibrated LIF signal) measured in the space afterglow at the same position 
of the N2(A) OODR-LIF measurement decreases significantly, more than two order of 
magnitude for 60 ppm NO addition, when the discharge is switched ON. Nevertheless 
the possibly dissociating products do not contribute to the quenching of N2(A).  Such 
circumstance is confirmed by the fact that HIR (0,0) band emission and N2(A) OODR-
LIF signal do not vary appreciably by NO addition, and by the small increase of NOγ  
emission. 

In figure 2, we show the UV spectra recorded by optical sampling, through a monochromator with 
ICCD, the emission from a  region (0.1mm x 2 mm wide) of the plasma layer along the dielectric 
strip. It evidences a small decrease (about 30%) of N2(SPS) emissions and an enhancement (about 
a factor of 2.5) of NOγ emissions by adding 18 ppm of NO to N2 discharge containing 0.3 ppm 
NO impurity.   
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Fig. 1.  OODR-LIF signal for pulsed TON= 3 
ms discharge.  

Fig.2  Emission spectra in the post discharge, t=3.9 ms in 
N2+(0.3 ppm) NO  and N2+(18 ppm) NO 
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