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Abstract 
The results of an experimental study of atmospheric pressure pulsed microjets in helium and gas mixture are presented. The images of plasma jet            

propagation were recorded and emission spectra from glass discharge tube and plasma jet were analyzed and compared. From helium spectral lines electron  

density was calculated for several different configurations of discharge source. Temporal dependence of electron density was determined. The influence of     

various capacitors and discharge voltages on plasma jet emission and propagation were studied also. 
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Conclusion 
 From different configurations of microjet that were examined, several conclusions were made. Appearance and intensity of jet depends from   

parameter d, which should not be smaller than 0.3 mm and parameter b, which should be at least 2d. Also, optimum ratio of parameters a and b 

must be set in order for jet to appear. 

 Ne value depends strongly from microjet configuration, especially from ratio of parameters a/b. Best results were obtained with a=2 mm and 

b=0,5 mm. In that case, electron density in jet varied from 0.1-0.5×1023 m-3, while in discharge tube was 0.5-7.0×1023 m-3. Ne value of microjet was 

very high when b=0.7 mm, for every examined value of a.  

 Molecular bands of N2 were detected in spectra of microjet when gas mixture was used as carrier gas. This is an indication that plasma jet   

temperature is low. 

420 430 440 450

0,0

2,0x10
3

4,0x10
3

6,0x10
3

8,0x10
3

1,0x10
4

[nm]

Gate=0,5s

Delay

 3,5 s

 4 s

 4,5 s

 5 s

 5,5 s

 6 s

 7 s

 12 s

 

R
e

la
ti
v
e

 i
n

te
n

s
it
y

List of different configurations of microjet 
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Results 

Experiment 
label a [mm] b [mm] c [mm] d [mm] 

MJ1 4 0.50 0 0.50 

MJ2 4 0.70 6 0.10 

MJ3 4 0.70 15 0.10 

MJ4 4 0.70 0 0.35 

MJ5 4 0.70 6 0.35 

MJ6 4 0.45 6 0.35 

MJ7 2 0.70 6 0.35 

MJ8 2 0.45 6 0.35 

MJ9 1 0.70 0 0.35 

MJ10 1 0.70 6 0.35 

MJ11 1 0.45 6 0.35 

MJ12 2 0.50 0 0.35 
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C [µF] U [kV] a [mm] J [A/mm2] 

0.10 5.6 4 55 

0.33 4.4 4 80 

0.58 6.4 4 99 

0.33 5.6 4 100 

0.33 4.8 2 340 

0.03 5.6 1 480 

0.33 5.6 2 510 

0.10 3.6 1 540 

0.33 4.0 1 920 

0.33 4.4 1 1000 

0.10 5.2 1 1200 

0.33 5.6 1 1600 
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 First image depicts emission from discharge tube and plasma jet. Images of 

jet were recorded by selecting spatial area that contains only emission from jet, 

so influence of the emission from the discharge tube was eliminated. Each image 

is normalized to max light intensity. 

 Jet appears 1 µs after beginning of discharge current, reaches maximum     

intensity at 2.5 µs and lasts until 14 µs. Based on these observations time and 

spatial position of subsequent measurements were selected. It is obvious that 

there is no plasma propagation, i.e. plasma stays in contact with upper electrode. 

 In order to obtain optimal          

conditions for spectral measurements, 

various capacitors and voltages were  

used. 

 In some cases obtained  results 

were not useful for this type of    

measurements. 

 When He was used as carrier gas, 

0.33µF capacitor was mounted. When 

working with gas mixture, 0.1 µF         

capacitor was used. 

 The line profiles of the 447.1 nm 

line with its forbidden component were 

recorded for different times of the 

plasma decay.  

 The main line parameter is the sep-

aration between peaks of allowed and 

forbidden component (s). 

Setup Components 

Electrical parameters 

Illustration of different current waveforms depending on used capacitor, applied voltage  

and diameter of discharge tube (a) 

Temporal characterization 

Plasma diagnostic 

Determination of Ne 

Comparative view of spectra from discharge tube and microjet (MJ1),  

C=0.33 µF, U=5.6 kV, tG = 0.1 µs 

Estimation of T 

Temporal dependence of electron density for discharge tube and microjet 

Focal length L1 - 32 cm 

Focal length L2 - 17 cm  

 

DDG - Stanford Researh Systems 

DSO - Tektronix TDS360 

 

Imaging spectrometer - Andor Shamrock 303 

Camera - Andor DH 720  

               mounted on spectrometer 

Slit width - 20 µm and 2 mm 

 

Gas - He, gas mixture (CO2 - 1.5%, N2 – 1.5%, He)  

 

Spatial characterization 

 Spectra were recorded at different time delays         

corresponding to maximum intensities of jet emission and 

discharge tube emission. 

Shape of the He I 447.1 nm at different times of plasma decay, 
(MJ12), C=0.33 µF,U=3.6 kV. 

The following formula is used to calculate the electron density Ne: 

 
log Ne [m-3] = 23.056 + 1.586 × log (s[nm]−0.156) + 0.225 × (log(s[nm] −0.156))

 Molecular bands of N2 were detected in spectra 

of microjet (MJ11) when gas mixture was used as 

carrier gas. This is an indication that plasma jet 

temperature is low, but temperature couldn’t be    
estimated because of large instrumental width of 

lines. 
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 Picture above represents temporal dependence 

of current waveform together with emission         

intensities of discharge tube and microjet for    

configuration MJ1. 

 After capacitor is being discharged, emission 

from glass tube starts. Jet appears 1.5 µs later, 

reaches maximum intensity at 3 µs and lasts until   

5.5 µs. 
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1 — ǴǲǶǬǴАЈǷǠА ǰǩǶА 

2 — Nd-YAG ǯАǵǩǴ Molectron MY34 

3 — ǵǳǩǮǶǴǲǰǩǶАǴ Andor Shamrock 303-i  

4 — ЈǩǨǬǱǬǺА ǫА ǮАǼǟǩǟǩ 

5 — ǲǵǺǬǯǲǵǮǲǳ 

6 — ВǱ ǱАǳАЈАǻ  
7 — ǮǲǱǨǩǱǫАǶǲǴ 

8 — ǵǶǴǷЈǱА ǵǲǱǨА  
9 — ǸǲǶǲ ǨǬǲǨА 


