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Abstract. Work aim is to present the experience of a stationary microwave source of atmospheric nonthermal plasma (ANTP) developing. 
The microwave plasma source will intend for R&D in existing and new technologies. As the source of ANTP we using an optimized multi-
electrode microwave discharge in argon stream. The discharger is made of a resonant length segment of a hard coaxial line, fed from a 
waveguide-coaxial transition. Which is an open end of the hard coaxial line with special configuration for forming and maintaining stable 
multiple discharges. 

  
  



1. Introduction 

 

   Recently, scientific and technical communities making significant efforts to develop, maintain, and use so-called «non-thermal» 

plasma, where ions and neutral components remain near room temperature. Initially, studies and uses of non-thermal plasma were 

limited to a pressure range substantially below atmospheric [1]. The disadvantage of low-pressure plasma is the high cost of equipment, 

the complexity operation, and the relatively low productivity of technological processes. So, other things being equal, the use of 

atmospheric pressure plasma is much more preferable. 

 

   Non-thermal plasma at atmospheric pressure can be obtained using corona, surface and glow atmospheric discharges, dielectric 

barrier discharge [2]. Unique properties of ANTP are strong thermodynamic non-equilibrium nature, low gas temperature, the presence 

of chemically active radicals and high selectivity provide a huge potential for use ANTP in a wide range of applications [3]. At 

atmospheric pressure, a low temperature of the plasma jet has a high degree of chemical activation of the gas. This allows you to 

successfully process the surface of thermally unstable materials without violating their structure. For example, natural and synthetic 

polymers and even biological tissues, including in vivo. 

 

   In recent years was growing interest in use of microwave generators as energy sources for producing ANTP [4, 5]. For example, 

German-Japanese company Adtec Europe Ltd manufactures MicroPlaSter devices, which are certified for clinical use [6], where a multi-

electrode microwave discharge in an Argon stream was used to obtain an ANTP  [7]. 

 



For the power source, we use a low-budget 

2.45 GHz magnetron microwave generator 

built on magnetrons, transformers and 

capacitors used in microwave ovens for 

domestic and industrial applications [8].  

 

The output power of the microwave 

generator can be set up discretely from 0.5 

to 3 kW. 

2. Technical description 

 



Discharge gaps design is based on a segment of 
a rigid coaxial line of resonant length, fed from a 
waveguide-coaxial transition. The coaxial line 
passes through the waveguide in the middle of its 
wide sides, perpendicular to them. One of the 
protruding ends of the line is short-circuited, the 
second end is open-circuit. 

 

Figure 1. General view of the main components of the 
presented device assembly (explanations in the text) 

Main components of the presented device are shown in 
Figure 1:  
1 - microwave magnetron generator;  
2 - waveguide circulator with a water load - 3;  
4 - a segment of a waveguide with a coaxial spark gap - 5;  
6 - movable short-circuit piston. 

2.1 The non-thermal microwave plasmatron  

with short-circuit in the waveguide 

 



   Geometric parameters of the waveguide-coaxial transition were 
optimized using the HFSS program, designed for electrodynamics 
modeling of microwave structures. The longitudinal section of the 
calculation model is presented in Figure 2. Microwave energy in the 
form of the H10 wave enters the waveguide from left to right, the 
right end of the waveguide is shorted. The coaxial line crossing the 
waveguide is shorted from below, and a matched load is 
conventionally connected to its other end. The section in 
conventional colors shows the magnitude of the complex amplitude 
of the electromagnetic field.  
   In this way the problem of the non-reflected energy transfer of 
the H10 electromagnetic wave from the supply waveguide to the 
coaxial line that operates in the TEM mode was solved. The outer 37 
mm and inner 16 mm diameters of the coaxial line conductors were 
selected from mechanical design considerations, the wave 
impedance of the line is close to the value of 50 Ohms. 
With performed two-parameter optimization showed, that for 
optimal values of the lengths of short-circuited sections of the 
waveguide and the coaxial line, the standing wave coefficient 
(VSWR) in the waveguide is of the order of 1.5. This is quite enough 
for safe operation of the magnetron, especially since it is protected 
from all possible reflected waves by the circulator. 

Figure 2. The cross section of the calculated model  
of the electrodynamics’ structure of the  

waveguide-coaxial transition 

2.1 The non-thermal microwave plasmatron  

with short-circuit in the waveguide 

 



   In Figure 3 left you can see the optimized microwave non-thermal plasmatron in working state. It is the 

ceramic plate surface activation, in this case. The open end of the coaxial line is loaded on the six-pin discharge 

gap with a teflon support disc. On Figure 3 right shown the six-pin discharger with the teflon support disc and 

the plasma discharge in Argon. 

  
 

Figure 3.  Non-thermal microwave plasmatron in operation 

2.1 The non-thermal microwave plasmatron  

with short-circuit in the waveguide 

 



   A significant complication and cost of the microwave 

installation is the needs to use a circulator, to protect the 

magnetron from possible reflections in the waveguide. We 

have studied the possibility of using the waveguide-coaxial 

junction, supplying the discharger, in the passage mode. To 

this end, the short-circuit piston in the waveguide has been 

replaced by a matched load. The longitudinal section of the 

calculation model in the HFSS program system is presented in 

Figure 5.  

 

This configuration differs from that shown in Figure 2 in that 

the waveguide on the right is loaded to a matched load, and 

the coaxial line from above terminates in a round below-cutoff 

waveguide with an open emitting end. The presence, absence 

and degree of microwave energy dissipation in discharges was 

modeled by the length of the below-cutoff waveguide. The 

degree of dissipation was quantified by the magnitude of the 

radiated microwave power. 

 

Figure 5. The cross section of the calculated model of 
the electrodynamics’ structure of the waveguide-coaxial 
transition with matched load in the waveguide. 

2.2 The non-thermal microwave plasmatron  

with a matched load in the waveguide  

 

Figure 2. The cross section of the calculated model of 
the electrodynamics’ structure of the waveguide-
coaxial transition 



  As a result of the two-parameter optimization, the length of the short-circuited section of the 
coaxial line and the length of the inner conductor were determined for the case of no discharge, that 
is, under the condition of idling at the open end. With these values and with the length of the below-
cutoff waveguide of 15 mm, when the microwave power radiated from its end is only 20 W out of 1 
kW of generator power, the calculated value of the VSWR in the waveguide is 1.06. When the length 
of the below-cutoff waveguide is 10 mm, which corresponds to a radiated power of 70 W, the VSWR 
in the waveguide is 1.13. This situation is depicted in Figure 5, where the value of the complex 
amplitude of the electromagnetic field is shown in conventional colors. It can be seen that in the 
supply waveguide there is practically only a traveling wave, and in the coaxial line there is a 
substantially standing wave. Also, at the end of the inner conductor of the line, the electric field 
strength exceeds 105 V/m without any additional measures to "aggravate the situation".  
   
 When the length of the below-cutoff waveguide is 5 mm, about 220 W of 1 kW of generator power 
will be radiated from its end, and the VSWR in the supply waveguide will not exceed 1.4. Improving 
matching at higher levels of microwave power input into the discharges is possible by changing the 
length of the internal conductor of the coaxial line. 

2.2 The non-thermal microwave plasmatron  

with a matched load in the waveguide  

 



Figure 6 shows the microwave source of non-thermal plasma without using a circulator.  Main elements of 
the waveguide system made of stainless steel from standard rectangular profile 100×50×2 mm with WR-340 
flanges size. The short-circuited end of the coaxial line has a collet joint. The area of the movable contact on 
the central conductor is placed in the region of the minimum surface currents of the standing wave. 

Figure 6. The waveguide path of a simple low-budget 
microwave source ANTP assembly.  

2.2 The non-thermal microwave plasmatron  

with a matched load in the waveguide  

 



It was found a significant drawback in this plasma torch. Design shown 
in Figure 4 leads to quick overheating spark gap pins, due to poor heat 
dissipation. And more, during prolonged work time, overheating of the 
discharger provoked abnormal breakdowns in the coaxial line.  

 
To solve this problem, a discharge gap was formed directly at the end 

of the open end of the inner conductor of the coaxial line. For this, radial 
cuts of a resonant length were made in it. This way was formed 
dischargers with improved heat removal from the discharge zone (four, 
six, eight, and twelve -pins dischargers on Figure 7). It is also 
important to note that with an increase in the number of discharge gaps, 
the degree of activation of the working gas jet flowing through the spark 
gap increases. 

  

Figure 7. Options for the tip of the central conductor 
of the coaxial line (above).  

Corresponding image of discharges in Argon (below). 

At the exit of the nozzle of the external electrode of the discharger, the jet temperature is about 100-150° C and depends 
on microwave power level and Argon flow rate. With the distance, temperature drops smoothly and at distance of about 15 
cm approaches the ambient temperature. 

To ensure continuous operation of the plasma torch, forced cooling of the electrodes could be provided to reduce 
dischargers overheating and reduce the temperature of the outgoing gas stream. For the tip of the outer conductor of the 
coaxial line water cooling can be easily done by winding a copper tube on its outer surface. We are currently designing the 
non-thermal plasmatron set, that will allow water cooling internal discharger tips. 

2.3 Discharger design options 

 



Calculations and subsequent experiments allowed us to design and manufacture a fairly simple, reliable 

and inexpensive source of ANTP. When using Argon as a plasma-forming gas and adjusting the system 

parameters accordingly, the plasma torch occurs by himself and stably maintained prolong time.  

 

With the optimal parameters of the waveguide-coaxial transition, the described device can operate in the 

travelling wave mode in the supply waveguide without the need for a circulator and a moving short-circuit 

piston. 

 

Thus, the presented device can be used both independently and as part of a universal low-budget 
hardware microwave complex for producing low-temperature and nonthermal plasma [9]. 

 

This work was supported by the Russian Foundation for Basic Research (project No. 20-08-00894). 
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