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Together, we reinvent your processes with our
Microwave and Radio Frequency solutions since 1978

ATMOSPHERIC PRESSURE MICROWAVE
 PLASMA TECHNOLOGY GUIDE
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INTRODUCTION TO THE TECHNOLOGY

Plasma is the 4th state of matter. It’s an ionized gas, electrically neutral: a gas with sufficient energy to 
allow ions and electrons to coexist. A plasma is a mixture of neutral species, ions (positive or negative), 
electrons, free radicals and metastable species.

What is plasma ?
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We can define a plasma as a function of electron temperature and electronic density (e-.m-3). We can 
distinguish between natural plasma and artificial plasma :

• Natural plasma : Aurora borealis, nebula, solar corona, solar wind etc…

• Artificial plasma  :

 – Discharge (lamp, screen, torch, Xray production)

 – « Process plasma » : etching, deposition, surface activation, ionic implantation...

 – Plasma propulsion

 – Nuclear fusion (Tokamak)

 – Other application : syngas (CO
2
, H

2
, CH

4
 production), COV treatment, sterilization, etc…

In this guide we will focus on the atmospheric microwave plasma.

Different types of plasma

Because of their charge and low mass, electrons in the plasma acquire energy from the applied electric 
field. Average electron energy in an atmospheric plasma are in the range of 1 eV.  Some electrons will 
have even higher energies, and this high energy tail is responsible for many of the reactions that occur 
in the plasma. 

The graph below shows the classification of the defferent plasmas (natural or artificial) as a function of 
electron temperature and plasma density.
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Microwave atmospheric plasma source allows to generate 2 kind of relatively cold and thermal plasmas 
depending on the source design and applied MW power.

The first one is a relatively cold plasma and is sustained at a few 100s of W. This kind of source allows 
to create a plasma which reaches temperature in the 1000 K range where the electric field is applied 
and a few 100s of K in the post-discharge. 

The second one, sustained at several kW, is a thermal plasma, highly ionized. Thus, such plasmas are 
generally considered near local thermodynamic equilibrium, because on a small volume, the species have 
a temperature in the same order of magnitude (could reach easily 6000 K) but all the plasma parameters 
(as plasma density, temperature) are subject to high gradients. 
 
Collisions with energetic electrons can also cause dissociation of molecules into highly reactive species 
known as radicals.  Radicals concentration can be much higher than the concentration of charged species 
as the dissociation threshold is lower than the ionization one.

A surface-wave discharge is a plasma excited by propagation of electromagnetic surface waves. If 
microwaves are applied through a dielectric medium (as a dielectric plate or more often a dielectric tube) 
and if a plasma is ignited, the wave will propagate longitudinally at the dielectric/plasma interface. 

Indeed, the wave could not propagate in an over-dense plasma. It is reflected and propagates at the 
dielectric plasma interface that behaves as an electrical conductor. The wave is progressively absorbed 
when increasing the distance from the application point of the electric field. Radially the wave is strongly 
attenuated on skin depth. 

This principle allows to create and sustain plasma columns with lengths which depend on the operating 
pressure, microwave power and gas nature. At atmospheric pressure, microwaves are strongly absorbed 
on a few centimeters. Microwave Plasma Torch can thus be designed, allowing to create, thanks to high 
power density, high plasma temperature with high dissociation rate. 

Dissociation:  e- + AB → A + B + e-

Ionization
• Atomic :        e- +  A  → A+ + e- + e-

• Molecular :     e- +  AB  → AB+ + e- + e-

Excitation
• Atomic :  e- +  A → A* + e-

• Molecular: e- +  AB → AB* + e-

* Represent exited species.

Main reactions in a plasma
Recombination
• Atomic :  e- +  A+ → A
• Molecular: e- +  AB+ → AB

Relaxation
• Atomic :  A* →  A + hν
• Molecular: AB* → AB + hν

The surface wave plasma

What is an atmospheric microwave plasma ?
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Main element of a standard microwave plasma setup

Magnetron head
(waveguide output)

Power supply

Dielectric tube

Cavity

Sliding Short circuit 

Dielectric window

Circulator

Lenght : 150 cm

Lenght : 40 cm

Solid-state microwave generator

S-Wave plasma source

N coaxial cable
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OUR PLASMA TECHNOLOGIES

Plasma sources

S-Wave

The S-Wave, named after the “Surface wave” which describes the propagation mode of the microwaves 
at the dielectric tube-plasma interface inside of the microwave cavity, is a compact plasma source 
working with solid state microwave generator at 2450 MHz capable to reach temperatures of hundreds 
of degrees celcius.

An optimized inductive coupling allows a perfect transmission of the microwaves from the generator 
through the coaxial cable, to the plasma cavity. The S-Wave is equipped with a built-in ignition system 
based on DBD (Dielectric Barrier Discharges), allowing the easy ignition of the plasma which is then auto-
sustained by the microwave energy. 

The S-Wave can work in a wide range of pressure from 10-2 mbar (with almost any gas) to atmospheric 
pressure (with pure Argon or Argon based mixture with high Ar content). It can operate with tubes of 
6 or 8 mm of diameter and can be an effective source for the generation of reactive species used to 
assist CVD or ALD processes. In addition, the S-Wave is suitable for a large panel of applications like 
decapsulation for failure analysis, surface activation, biomedical decontamination, etc.
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Downstream

As the S-Wave, the Downstream is a surface wave plasma source, where the plasma is created inside a 
dielectric tube crossing a microwave cavity. The microwaves are carried via standard WR340 waveguides 
from the generator to the cavity. An impedance matching system formed by a manual or automatic 
system of sliding short-circuit and stub tuners allows to optimize the power transmition to the plasma 
thus reducing or completely canceling the reflected power.

The Downstream is equipped with a patent-pending auto-ignition system for use at atmospheric pressure 
with a wide range of plasma gases and powers up to 100 kW. The source can reach temperatures of 
thousands of degrees celcuis and also be used at low pressure within a range between 10-1 mbar to a 
few tens of millibar. At this pressure range, thanks to the optimized cavity, the plasma is auto ignited 
when sufficient power is supplied. 

These features make  the downstream a user-friendly plasma source for both laboratories or industries. 
It can find its place in different applications like gas abatement, gasification, sterilization, etching, 
plasma enhanced chemical vapor deposition (PECVD), creation of radicals, surface activation, H

2 

production, Power-to-X, turquoise hydrogen, etc.  
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SAIREM’s plasma solutions

Magnetron microwave generators

Atmospheric microwave plasma sources

Power (W)

Frequency (MHz)

Cooling

Guide

Dim. (LxWxH)

Weight (kg)

Power (W)

Frequency (MHz)

Cooling

Guide

Weight (kg)

450 W

2450 MHz

Water and air

Coaxial

1 kg

10 kW

2450 MHz

Water and air

Waveguide

2.7 kg

100 kW

915 MHz

Water and air

Waveguide

30 kg

S-Wave Downstream Downstream

6 kW

2450 MHz

Water

Waveguide

48.3 x 70 x 13 cm

23 kg

10 kW

2450 MHz

Water

Waveguide 

48.3 x 75.2 x 17.7 cm

30.4 kg

Up to 100 kW

915 MHz

Water

Waveguide

3.1 x 0.9 x 2.1 m

1600 kg

GMP60 GMP100 GLP KI/KSM
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To support you in the definition of your equipment, we offer powerful computer simulations and 
modelizations service to explore and/or validate the different microwave and radio frequency options 
adapted to your process. Our engineers combine the mastery of simulation software with in-depth 
microwave knowledge and hands-on experience to offer you the most comprenhensive results.

We use powerful 3D analysis tools for the analysis and optimization of the electromagnetic parts of your 
system : magnetron, waveguides, reactors geometry… The simulations, based on realistic parameters, 
leads to optimized performances, shorter product development cycles, and lower costs.

SIMULATION SERVICES
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ABOUT SAIREM

SAIREM is a world leader in industrial microwave and radio-frequency applications, with more than 5000 
equipements in operation in 70 countries, from the standalone 200 W solid-state generator to the fully 
automated processing line delivering 700 kW.

Today, SAIREM offers the most advanced range of industrial microwave and radio frequency equipment 
for thermal processing and plasma generation.

Key figures

Created in 1978

100% electric

92% export share
Worldwide 

customer service

Fully equiped
test center

Designed and assembled
in France
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welcome@sairem.com
www.sairem.com

mailto:welcome%40sairem.com?subject=
http://www.sairem.com
https://www.linkedin.com/company/sairem/
https://www.youtube.com/channel/UCOdWjXCxmR5iSEFEZYO1IQQ?

