




















Преглед научне активности Анђелије Петровић 
 
Анђелија Петровић се у свом досадашњем раду бавила изучавањем особина          

неравнотежне плазме која ради на атмосферском притиску. Током израде мастер рада           

њен задатак је био да окарактерише атмосферски плазма извор малих димензија           

намењен за примене у медицини. Извор напајања овог плазма извора је конструисан у             

сарадњи са Академиком А. Ђорђевићем, Електротехнички факултет Универзитета у         

Београду. Плазма извор је типа плазма игле што значи да је плазма у контакту са               

напајаном електродом. Ради на фреквенцији од 13.56 MHz и као радни гас се користи              

хелијум. Један од првих задатака колегинице Петровић је била калибрација          

деривативних сонди уграђених у напајање извора. Након тога је урађена детаљна           

електрична карактеризација овог плазма извора у присуству три различите мете (бакар,           

пластика и течност). Одређене су струјно напонске карактеристике у ова три случаја            

као и снага предата плазми.  

Обзиром да је у питању интердисциплинарно истраживање у области плазма медицине           

експеримент је настављен третманом медијума RPMI 1640 који се користи за           

манипулацију са ћелијама. Третирани медијум је након тога окарактерисан         

спектрофотометријски и потврђена је претпоставка да плазма треман депонује         

реактивне кисеоничне и азотне врсте у третирану течност. 

Током докторских студија Анђелија Петровић ће се бавити интердисциплинарним         

истраживањем које има за циљ употребу нискотемпературних плазма извора који раде           

на атмосферском притиску у области плазма медицине. Део истраживања ће бити           

реализован у сарадњи са колегама са Медицинског факултета и ИНЕП-а. Главни           

задаци ће бити конструкција и карактеризација атмосферских плазма извора који ће се            

примењивати у третману медијума са циљем уклањања канцерогених ћелија. Такође,          

бавиће се проучавањем механизама одговорних за депозицију реактивних кисеоничних         

и азотних врста у третирани медијум и њихове зависности од типа извора и             

коришћених плазма параметара.  
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Abstract. In this paper we present results of the electrical characterization of a 

newly developed portable plasma needle system that operates at 13.56 MHz. After 

the calibration of the built-in derivative probes, measurements were made in 

different setups in order to obtain the electrical characteristics of the plasma, i.e., 

the current and voltage waveforms and V-I characteristics. Here we will present 

results obtained for the flow of the feeding gas (helium) of 2 slm and electrode-

target distance of 2 mm. 

1. INTRODUCTION 

Many research groups have been interested in the non-thermal 

atmospheric plasmas due to their high efficiency in the biomedical applications. 

One of the pioneering plasma source systems in this field was the so called ‘plasma 

needle’ [1, 2]. One of the biggest problems with those devices was complicated and 

bulky power supply systems. In order to replace the large commercial systems for 

power supply, we have developed a novel portable power supply system that 

operates at 13.56 MHz.  

In this paper we will present results of the electrical characterization of the 

home-made plasma needle device. This system has built-in derivative probes for 

recording current and voltage waveforms. The first task was to calibrate the probes, 

which was done by using derivative probes of known characteristics. Thereafter 

measurements were made for different electrode-target configurations and 

electrical characteristics of the system were determined.  
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2. EXPERIMENTAL SETUP 

The plasma needle is a low-temperature plasma source that operates at the 

atmospheric pressure [1-3]. The schematic representation of the plasma needle 

system is presented in Fig. 1. The plasma needle consists of the powered electrode 

positioned centrally This electrode is a tungsten wire whose diameter is 0.5 mm. 

The wire was inserted in a ceramic tube, which was then placed inside a glass tube 

(I.D.=4 mm; O.D.=6 mm). The ceramic tube prevents ignition of the discharge 

between the central electrode and the glass tube, i.e., along the helium gas flow. 

The tip of the central electrode is positioned at a 1 mm distance from the edge of 

the glass tube. The plasma appears as a small glow at the tip of the tungsten wire. 

It operates in a mixture of the feeding gas (helium) with air. 

 

 

Figure 1. Schematic representation of the plasma needle setup 

 

The novelty of the plasma needle system used in these experiments lays 

in the power supply system that was used. This power supply system and its 

electronic circuit was designed and made in the Laboratory for Gaseous 

Electronics. The aim was to create a small portable device that will be suitable for 

using in field conditions. The electric circuitry, including a set of derivative 

probes, is placed inside a metal body (21x20x8cm). The mass of the system is 

approximately 2 kg. The role of the derivate probes is to accurately measure the 

power transmitted in the plasma. The output of the probes was connected to a 

digital oscilloscope with cables of equal length. A computer collected all 

waveforms for further manipulation. The measurements were made in the 

configuration with synthetic rubber as a target positioned at a 2 mm distance from 

the tip of the plasma needle. 

3. RESULTS AND DISCUSSION 

In this study we examined electrical characteristics of the portable plasma 

needle device. The first task was to determine calibration characteristics of the 

built-in derivative probes. This was done by using derivative probes of known 

characteristics. After obtaining the calibration curves for the built-in derivative 

probes, we measured the V-I characteristics of the plasma needle setup described 

in Section 2.  
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The recorded current and voltage waveforms were transferred to the 

frequency domain, modified in accordance with the calibration curve given for a 

particular probe, and then returned to the time domain. In Fig. 2 and Fig. 3, two 

curves are given for current and voltage signals. The black (right axis) curve 

corresponds to the signal recorded directly from the oscilloscope (without 

numerical processing), and the red curve (left axis) is obtained the calibration. 
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Figure 2. Voltage waveforms before and after corrections due to the calibration. 
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Figure 3. Current waveforms before and after corrections due to the calibration. 

 

In order to obtain the current-voltage characteristic, the instantaneous voltage and 

current were monitored by using two derivate probes in the portable device, in two 

modes: without He flow and with a fixed flow rate of 2 slm. The obtained V-I 

curve is shown in Fig. 4. The moment of the plasma ignition is shown in the graph. 

We can see that after the plasma ignition, the total complex impedance of the 

system has not changed. On the other hand, the current and voltage RMS values 

increase significantly. This change can be also observed by visual observation of 
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the plasma since it starts as a small ball around the tip of the needle and then 

spreads towards the target. For the highest RMS values of the voltage and current, 

the plasma is covering at the target surface of about 4 mm in diameter. 
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Figure 4. Volt-ampere characteristic of the plasma needle system. The flow of 

the feeding gas (He) was 2 slm. 

4. CONCLUSION 

 We have developed a novel portable power supply system that operates 

at 13.56 MHz. In this paper we presented results obtained by measurements using 

the built-in derivative probes. The probes were first calibrated and then used to 

determine the voltage-current characteristics of the plasma needle discharge.  
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