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1. Introduction 
 

 Low temperature plasmas are extensively used for the 
plasma processing1, light sources, various plasma technologi-
es2 etc. During several last years different plasma discharges 
with nozzle and powered by rf generator driven at frequency 
13,56 MHz have been investigated. Plasma pencil is a special 
type of plasma nozzle working at atmospheric pressure, which 
is interesting for possible applications6,8 such as local treat-
ment of surface, deposition of thin films, change surface en-
ergy, cutting in surgery, etc. Through this nozzle, which is 
made from quartz tube with typical inner diameter 2 mm, 
flows working gas (argon with water vapour). The powered 
electrode is connected through the maching unit to the rf gen-
erator. 

 In the contribution, we present diagnostics of unipolar 
discharge channel generated by the plasma pencil at atmos-
pheric pressure. For different electrical parameters and vari-
ous construction design of the plasma pencil the parameters of 
the plasma channel are estimated from optical emission spec-
tra in the spactral range 200–900 nm: rotation temperature 
from OH rotational lines, vibrational temperature from nitro-
gen bands as well as concentration of electons and tempera-
ture of neutral gas from Stark and Doppler broadening of 
hydrogen lines, resp.  

 
2. Experimental setup 

 
 The plasma pencil is shown in Fig. 1. The powered elec-

trode of was separated by the dielectric quartz tube, nozzle 

with the inner diameter 2 mm and the outer diameter 4 mm 
and 50 mm length. As an active medium flowing through the 
hollow electrode of the plasma pencil argon with purity 
99.996 % was used. Note, that the working gas flowing from 
the nozzle stabilises the dischrge. The hollow electrode was 
connected through the matching network to the rf generator 
Cesar – 1310 by Dresler driven at frequency 13,56 MHz5−7. 

 Optical emission spectroscopy was accomplished by 
means of the monochromator FHR 1000 by Jobin-Yvon-
Horiba supplied with CCD detector and ICCD (Intensified 
Charge Couple Device) system. CCD detector in “continual” 
regime was used, ICCD system in pulse regime was chosen 
whereas square pulse modulation frequency of 27 kHz by 
means of external triggering generator Agilent 33220A was 
adjusted.  

 The spectra was recorded perpendicularly to the plasma 
channel for different discharge parameters. 

The rotational temperature from rotational lines of OH, 
the electron temperature from Ar lines in the plasma channel 
at different conditions of discharge (power supply, frequency, 
length) were determined. Rotational and electron temperature 
were calculated from Boltzmann plot3,4. 

The most frequently used technique for determination of 
electron concentration Ne is based on the half-width and shape 
of the hydrogen Balmer beta (Hβ = 486.13 nm) spectral line. 

Electron concentration was estimated by approximate 
formula e.g.() by Weise et al9,10,12 . 

 
Ws is the Stark halfwidth at half maximum (HWHM) of 

line. In case when Stark width, Ws, is small and comparable 

N e[m−3]= 1022��W s

4 . 7333�
1.49

Fig. 1. Photograph of plasma pencil 

Fig. 3. Drop of water on thin hydrophobic layer surface. This layer 
was deposited by plasma pencil at atmospheric pressure 

Fig. 2. Thin hydrophobic layer on glass 
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with Doppler and/or instrumental broadening it may be deter-
mined by using an approximate deconvolution formula11. 

In calculation of electron concentration other broadening 
mechanism such as resonance and Van der Waals broadening 
were ignored, because Stark broadening was dominant. 
 
 
3. Results and discussion 
 

 A typical distribution of rotational temperature esti-
mated from OH lines as a function of the distance from the 
end of the nozzle for fixed gas flow of 1 l min−1 and fixed hf 
power input of 125 W is shown in Fig. 4. The negative dis-
tance was taken in the nozzle while the positive values were 
taken out of the nozzle and the lenth of nozzle was 50 mm. 

The rotational temperature is aproximately constant along the 
nozzle. In side the nozzle rotational temperature insreases 
fast. 

 Fig. 5 shown a distribution of concentration of electrons 
as function of the distance from the end of the nozzle for fixed 
gas flow of 1 l min−1 and fixed hf power input of 125 W. The 
negative distance was taken in the nozzle while the positive 
values were taken out of the nozzle. Concentration of elec-
trons, calculated from the half-width and shape of the hydro-
gen Balmer beta line Hβ = 486,13 nm, decreases along the 
nozzle from electrode to the end of the nozzle.   

 A typical distribution of electron temperature and rota-
tional temperature as a function of the delay while using 
ICCD system in pulse regime, square pulse modulation fre-
quency of 27 kHz and duty cycle 50 % is shown in Fig. 6. and 
Fig. 8. Gas flow of 1 l min−1 and hf power input of 135 W in 
the end of the nozzle. Is evidently, that the temperature is 
measurable only in the range of modulation pulse.  Fig. 4. Rotational temperature estimated from OH lines as 

a function of the distance from the end of the nozzle for fixed gas 
flow of 1 l min−1 and fixed hf power input of 125 W. The negative 
distance was taken in the nozzle while the positive values were taken 
out of the nozzle.  

Fig. 5. Concentration of electrons as function of the distance from 
the end of the nozzle for fixed gas flow of 1 l min−1 and fixed hf 
power input of 125 W. The negative distance was taken in the nozzle 
while the positive values were taken out of the nozzle  

Fig. 6. Electron temperature calculated from Ar lines as a func-
tion of the delay  while using ICCD detector for fixed gas flow of 
1 l min−1 and fixed hf power input of 135 W in the end of the 
nozzle. Pulse modulation frequency of 27 kHz was adjusted 

Fig. 7. Intensity of OH lines as a function of the delay  while using 
ICCD detector for fixed gas flow of 1 l min−1 and fixed hf power 
input of 135W in the end of the nozzle. Pulse modulation frequency 
of 27 kHz was adjusted 
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 Fig. 7 shows a distribution of intinsity of one rotational 
line of OH molecul as a function of delay in pulse regime of 
discharge. 

 Pulse regime of discharges are perspective for deposi-
tion of thin layer on thermal sensitive materials and for other 
applications.. 

 This discharge in „continual“ regime was used for depo-
sition thin layers on glass substrates. For this deposition mix-
ture of Ar and hexamethyldisiloxane (HMDSO) was used as 
working gas.  

High speed camera Olympus i-SPEED-2 was used for 
demonstration of properties of this thin films. Record speed  
1000 frames per second was used. Fig. 2 and Fig. 3 show 
pictures accompilshed by this camera. Pictures show drops of 
water on hydrophobic thin films deposited on glass substrates. 
This are first hydrophobic films deposited by this plasma 
device at atmospheric pressure.  
 
 

4. Conclusion 
 

In this article results of electron concentration, rotational 
and electron temperature in discharge generated by plasma 
pencil at atmospheric pressure were presented for „continual“ 
and pulse regime.  

First results of deposition of hydrophobic thin films on 
glass substrates by plasma pencil were presented too. 

In this contribution the single nozzle was used, but sev-
eral nozzles can be applied simultaneously in one device, 
which is more convenient for practical application.  
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Fig. 8. Rotational temperature calculated from OH lines as a 
function of the delay  while using ICCD detector for fixed gas 
flow of 1 l min−1 and fixed hf power input of 135 W in the end of 
the nozzle. Pulse modulation frequency of 27 kHz was adjusted 


