
From Vacuum Technology & Coating 2008 

                                                                                                                        
Page 1 of 11                             Edited by Jinghong Vacuum Thin Film（Shenzhen） Co., Ltd / www.jh-vac.com 

Plasma Cleaning of Surfaces 
By A. Belkind and S. Gershman 

 
Plasma cleaning of solid surfaces is one of the hot 

topics of the very fast developing field of plasma 
treatment of materials. Plasma cleaning has been 
implemented already in several industries such as 
semiconductor processing and microchip fabrication, 
metallurgy, the optical industry, dentistry, medical 
technologies, food packaging – to name just the most 
important areas. Understanding the basic of plasma 
cleaning is very important, if not critical for the efficient 
and effective utilization of plasma cleaning technologies 
as well as for applying it to new fields. This tutorial 
paper is the continuation of our previous papers on 
non-thermal plasmas and describes some basics 
aspects of plasma cleaning. 

 
1. Surface cleaning 

 Removal of contaminants from surfaces 
The surface of a solid body can be viewed as a  

stack of material layers at the boundary of the object. 
The thickness of the surface layer depends on the 
material of which the object is made and (technological) 
history of the object. Surface can have complicated 
chemical and physical structures. For example, a metal 
strip, a sheet of glass and a Si wafer can contain layers 
of chemically and physically adsorbed water (Figure 
1).The surface roughness of some metal surfaces can 
exceed tens and hundreds of nanometers thus making 
the surface layer structure very complicated.  
 The purpose of surface cleaning is to remove 
contaminants that form surface layers on top of the 
already complicated surfaces. For example, a 
contaminant layer on a metal strip can be more than 1 
um (10-6m) thick (Figure 2). Contaminants can be of 
“natural” or “technological” origin. Natural 
contaminants come from exposure of surfaces to the 
ambient atmosphere and mostly contain oxygen-, 
carbon0, and hydrogen-containing species, and include, 
for example, oxides growing on metal and other 
surfaces, adsorbed water and various organic    
(C-containing) compounds. Technological contamina-  

tions appear during previous surface treatment and 
processing and include, for example, lubricant oil and 
residual grease left after wet cleaning. We will not 
discuss in this paper surface contamination arising from 
particulates on surfaces, which is a very important 
surface cleaning issue in and by itself. 

 
 Surface cleaning is the preliminary stage of almost 
every surface treatment and preparation process 
including surface coating with protective or other 
functional layers that make many products useful for 
industrial applications. In most cases, proper cleaning 
of interior surfaces by plasmas (followed by drying) 
reduces the base pressure inside vacuum processing 
chambers. Such a treatment improves significantly 
surface wettability, wickability, and printability of fibers, 
films and fabrics, coating adhesion, and can even 
change the surface structure. 
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 Surface cleaning is a multi-step process consisting 
of the generation of active (cleaning) species, their 
transport to the surface, the “reaction(s)” on the 
surface, and the ultimate removal of the reaction 
products from the surface (Figure 3). A detailed 
analysis of each of these steps needs to be considered 
in an effort to maximize the efficiency and effectiveness 
of the surface cleaning process. Surface cleaning, in 
general, is done by various methods including 
treatment at atmospheric pressure and in vacuum. 
Currently, cleaning of surfaces is primarily done by wet 
chemical processes. Tight restrictions on hazardous 
waste disposal and workplace safety regulations have 
made wet cleaning increasingly expensive and 
cumbersome. While the development of new chemical 
process continues to lower the cost wet cleaning, wet 
chemical processes still cause severe environmental, 
safety and health problems. Wet cleaning is essential in 
applications where the thickness of the surface 
contamination exceeds 10 um. In general, wet 
chemistry falls when the cleanliness of surface needs to 
reach down to the atomic level. In this last case, wet 
chemical cleaning must be followed by another final 
cleaning step such as plasma cleaning. 
 Plasma cleaning is based on the plasma-wall 
interactions discussed in detail in a previous paper and 
is also reviewed in. It used the interaction of ions, 
electrons, and radicals with the surface. Plasma 
processes offer several advantages over conventional 
chemical cleaning methods (Table 1). Plasmas provide 
a low temperature environment using electrical energy 
rather than heat to promote chemical reactions. 
Plasmas eliminate many of the problems associated 
with wet chemistry. Plasmas are environmentally 
friendly with no liquid waste and hence no expensive 
disposal. Finally, using plasmas is a simple process 
requiring little or no supervision. On the other hand, the 
plasma cleaning rate usually does not exceed 0.4 
mm/hour. Therefore, current industrial practices call for 
plasma cleaning only as the last step in a cleaning 
process aimed to achieve a pristine surface.  

 Common criteria that characterize “good” 
cleaning technologies are: (i) a short process time; (ii) a 
high degree of cleanliness of the final surface; (iii) a 

high degree of homogeneity of the surface cleanliness; 
(iv) a negligible alteration of the substrate material; and 
(v) residual products that are environmentally friendly 
or easy and cheap to dispose of. Plasma cleaning is a 
technology that satisfies these criteria. 

 

 

 
 1.2 Surface cleanliness 

Surface cleaning has different technical goals that, 
in general, depend on the further fate of the surface in 
its ultimate application. In microelectronics, the 
lowering of the concentration of contaminant particles 
per cm2 of surface area) is often required. On the other 
hand, good adhesion to a metal surface can be 
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achieved in general by removing water and organics 
from only 50% of the metal surface. A pragmatic 
definition of surface cleanliness war given by Mattox: “A 
clean surface is the one that contains no significant 
amount of undesirable contaminant material”. 

In the metal industry, the simplest test to 
demonstrate surface cleanliness is by measuring the 
contact angle between the cleaned surface and drop of 
water of a certain volume and certain purity (Figure 4). 
In many cases, this test is also used for testing surfaces 
of glass, semiconductors, and polymers. Surface 
cleanliness can be qualitatively evaluated using optically 
stimulated electron emission where the surface does 
not have to be tested in vacuum. Testing of surface 
cleanliness in vacuum, for example, before deposition 
of a coating, is a challenging effort. Optical methods 
such as specula reflectance, ellipsometry, and FTIR 
(Fourier Transform Infra-Red) spectrometry can be 
used in this case. Ultimately, the most sensitive 
methods to determine surface cleanliness in vacuum 
are X-ray Fluorescence (XRF) or Electron Spectroscopy 
for Chemical Analysis (ESCA). 

 
2. Plasma cleaning of surfaces is well established 
It is difficult to trace the first plasma cleaning   

application back in history. The first description of 
plasma cleaning can be found in the book by Strong 
published in 1935. He used a glow discharge for 
cleaning glass substrate surfaces prior to Al deposition. 
About 20 years later, Karasev and Ismailova reported 
glass cleaning in the positive column of a glow 
discharge. In the 1960s and 1970s, detailed discussions 
of glow discharge cleaning of substrates as well as of 
the inside walls of vacuum systems were reviewed by 
Dushman, Roberts, and in a number of publications by 
Holland. Erben received one of the first patents on 
electrical discharges used for surface cleaning. A 
combination of ion bombardment and vacuum 
annealing for surface cleaning was described in. 

Plasma cleaning of metal parts was promoted by 
Govier and McCracken in their first quantitative study of 
vacuum system degassing after treatment in various 
glow discharges in inert gases, and then by Calder in O2 
and Sakamoto in H2. Various implementations have 

followed these pioneering studies. Thus, for example, 
removing hydrocarbons from a lead frame substantially 
improved its bonding to circuits. A six-fold decrease in 
hydrocarbon contamination was demonstrated using an 
oxygen plasma. 

 
 
3. Plasma cleaning mechanisms 
Electrons, ions, and radicals are generated in a  

plasma. Their interaction with a solid surface causes 
mainly three basic phenomena that lead to surface 
cleaning: heating (baking), sputtering, and etching 
(Figure 5). Each of these processes has its benefits 
and shortcomings (Table2). Therefore, a combination 
of these processes has the highest cleaning benefit.  
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3.1 Plasma cleaning by heating 
Heating appears to be the simplest approach to  

plasma cleaning. The surface immersed in the plasma is 
heated mainly by electron and ion bombardment and by 
plasma radiation. The energy fluxes of electrons and 
ions can be enhanced by applying a positive or negative 
voltage to the substrate relative to the potential of the 
plasma (biasing). The energy fluxes for a plasma 
density of 1010 cm-3 are of the order of a factor of 10. 
 To avoid the undesirable exothermic formation of 
metal carbides or the polymerization of organic 
contaminants, heating is often limited to moderate 
temperatures (< 600℃). Physiosorbed particles are 
bonded to the surface with energies of not more than 
about 0.2 eV (~600℃),while chemisorbed particles are 
bonded with energies of about 1-2eV. Therefore, 
heating to moderate temperatures can remove only the 
physiosorbed or lightly bonded contaminants. Although 
baking is often inconvenient and uneconomic in 
production environments, it is still used to remove 
adsorbed water from surfaces (drying). The efficiency 
of the process can be enhanced by utilizing heating 
caused by plasma electrons. This technique has been 
employed, for example, to dry large vacuum vessels 
and even the inside of gas cylinders. Electron 
bombardment of a surface immersed in a plasma 
delivers the energy directly to the surface and heating 
of the entire object to high temperature becomes 
unnecessary. 
  
 3.2 Cleaning by sputtering 
 Sputtering is the most universally applied cleaning 

process. Cleaning by sputtering takes place when an 
additional voltage is applied between the plasma and 
the object to be cleaned. The voltage between the 
plasma and the surface of a conductive object inserted 
into it, the “floating potential”, usually does not exceed 
10-20V. The sputtering threshold for most of the metals 
and their oxides and nitrides is about 30V or higher. 
Therefore, the floating potential is usually too low to 
accelerate ions from the plasma to initiate sputtering, 
and cleaning by sputtering is initiated only when an 
additional voltage between the plasma and the object is 
applied. 
 The atom removal rate, r (nm/s) is given by: 

R=Y V (J/q) 
 

 Where Y is the sputtering yield (~0.1 for Ar at ion 
energies of about 100eV), V is the atomic volume 
(~0.027nm3), J is the ion current density (A/nm2), and 
q is the electron charge (1.6 x 10-19 C). If the ion 
current density is 1 mA/cm2, the atom removal rate is 
0.2 nm/s.  A 100 nm contaminant layer can thus be 
removed in about 500s. 
 All atoms can be sputtered, but the sputtering yield 
strongly depends on the nature of the surface and the 
type of contaminants. Therefore, sputtering is 
non-selective and not always a sufficiently effective 
cleaning process (Table 1). In addition, cleaning by 
sputtering is accompanied by the removal of some 
substrate (bulk) material and the creation of defects, 
especially at the end of the cleaning process, when only 
a few layers of contaminants are left. Nevertheless, 
plasma cleaning by sputtering is widely implemented in 
various technological processes, where plasma etching 
and heating alone can not provide the desired 
cleanliness. 
 
 3.3 Cleaning by etching 
 In plasma cleaning by etching, atoms or radicals 
from the plasma chemically react with the surface. 
Initially, adsorption of these species occurs depending 
on the chemical affinity and surface temperature. 
Adsorbed species may react with the atoms and 
molecules of the surface to form a product or desorb 
without or before a chemical reaction can occur. If the 
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reaction products are volatile, they may desorb into the 
gas phase and may be eliminated through pumping. 
Desorption of the volatile products require an activation 
energy and, therefore, its increases with temperature. 
However, too high a temperature can enhance 
desorption of reactive species from the plasma even 
before they have a chance to react. Usually, an optimal 
temperature exists, at with the etching process has 
highest rate, and some heating of the etched surface 
occurs, which can be tolerated or may even be 
desirable. 
 The choice of the plasma chemistry, that is the gas 
mixture used for etching, is determined by the volatility 
and stability of the etch products. Various halogen-, 
hydride-, and methyl- compounds can be used 
depending on their volatility. For example, for element 
materials, such as, Si, many choices exist, which allow 
one to tailor the etching efficiency and characteristics to 
the specific application. One of them is using fluorine 
gas, F2: 
 
 Si (solid) + 2 F2 ---> SiF4 (gaseous) 
 
 Another example is the very effective removal of 
organic compounds using oxygen plasmas. In an  
oxygen plasma, activated oxygen, mainly atomic 
oxygen, reacts with the organic compounds and forms 
volatile products that can be moved from the surface by 
the gas flow. If the reaction with adsorbed hydrocarbon 
molecules goes to completion (which rarely, if ever 
happens), only water (H2O) and carbon dioxide (CO2) 
would be produced: 
 
 CxHy + O -  CO2 + H2O 
 
 3.4 Multiple processes in plasma cleaning 
 Plasma cleaning is significantly enhanced, when all 
or some of the main processes discussed above are 
combined. If a positive voltage is applied to a metal 
surface or the surface works as an anode, the surface is 
additionally heated by electrons, and plasma etching is 
enhanced by heating. This is the case, for example, 
when plasma cleaning and drying of a gas cylinder is 
done by inserted a cathode into cylinder and a glow 

discharge is turned on inside the cylinder. If a negative 
voltage is applied to a metal surface immersed in a 
plasma, chemical etching is enhanced by ion 
bombardment of the surface. 

 
4. Plasma sources for cleaning 
Various plasma sources are used for plasma  

Cleaning, including DC, RF, and microwave glow 
discharge and confined glow discharges, plasma jets, 
and Dielectric Barrier Discharge (DBD) systems. Low 
frequency sources are inexpensive and the least 
complicated sources to use. Unfortunately, low 
frequency plasma sources are often also the least 
efficient sources for cleaning applications. There is no 
general recipe for choosing the proper plasma source to 
clean a specific surface from a particular contaminant. 
The choice depends on many factors, including 
economic considerations. In each case, one has to find 
which key properties of the plasma source will affect the 
surface in the most desirable way and the optimum 
process conditions (time, power, gas consumption, etc.) 
need to be determined. We will divide the plasma 
sources to be discussed here into two parts: sources 
that operate in vacuum (low-pressure sources) and 
high-pressure sources that operate at atmosphere 
pressure. 
 
 4.1 Low-pressure sources for cleaning 
 4.1.1 Direct current (CD) glow discharge 
 If the surface to be cleaning is part of an 
electrically conductive object, the object can be placed, 
for example, on either the cathode or anode, or on a 
separate electrode that can be biased electrically 
(Figure 6). When the object is placed on the anode, it 
becomes part of the anode and is exposed to electron 
bombardment (Figure 6a).  Electron bombardment of 
the object increases its temperature and thus enhances 
the plasma cleaning by etching. Varying the surface 
area of the anode allows, in this case, some limited 
control over the temperature of the object. When the 
object is placed on the surface of the cathode (Figure 
6b), it becomes a part of the cathode and, therefore, is 
exposed to strong ion bombardment with ion energies 
of hundreds or even thousands of electron-volts. 



From Vacuum Technology & Coating 2008 

                                                                                                                        
Page 6 of 11                             Edited by Jinghong Vacuum Thin Film（Shenzhen） Co., Ltd / www.jh-vac.com 

Plasma cleaning in this case is achieved by a 
combination of sputtering and etching, and can lead to 
the creation of some defects in the object. The current 
of the ion bombardment and the ion energies have a 
range that is determined by the conditions of the glow 
discharge and can be varied by changing the pressure 
and voltage. When the object is placed into the plasma 
on an additional electrode, a biasing voltage can be 
applied between the plasma and object (Figure 6c). If 
a negative potential is applied to object, the object is 
bombardment with ion of energies equal to about the 
biasing voltage. This is a very convenient way to control 
the plasma cleaning, but it requires the use of an 
additional power supply. The total current of the ion 
bombardment must be much less than the cathode 
current to avoid perturbation of the glow discharge. 

 

 
Figure6. Various DC plasma arrangements used for cleaning an 

object placed on a grounded anode (a), cathode (b), and 

immersed in plasma and biased (c). 

 

 4.1.2 RF discharge 
 RF discharge sources are widely used for cleaning 
parts made of metals and dielectrics. Most popular are 
horizontal and vertical parallel plate reactors with 
capacitive coupling of the RF power. Figure7 shows 

schematically a few horizontal reactors. When the 
object is placed on the grounded electrode (Figure 7a, 
plasma etching configuration), it is exposed to some 
energetic particles created at the power electrode. 
When the object is on the powered electrode (Figure 
7b, reactive ion etching configuration), the energy of 
ions that bombard the object is high, although it can be 
adjusted by changing the ratio of the electrode surface 
areas or the DC bias. To lower energy of the ions and 
achieve a very “mild” plasma cleaning process be 
etching, a triode configuration is used (Figure 7c), 
where both electrode are powered by separate power 
supplies. Capacitive coupled RF plasma sources are 
easy to build and currently widely used, for example, for 
cleaning and disinfection of various instruments in 
surgery and dentistry, and parts of various machines. 

 

 
Figure7. Various RF capacitive coupled plasma arrangements 

used for cleaning an object placed on a grounded electrode (a), 

powered electrode (b), and on bias electrode (c). 

 

 Large wafers can be cleaned also in an inductive 
parallel plate reactor with inductively coupled RF power 
(Figure 8). This results in electrode-plasma excitation 
and allows, in general, the creation of better cleaning 
condition than in the case of capacitive coupling. 
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Figure8. RF inductively coupled plasma cleaning arrangements 

using a planar (a) and a cylindrical (b) coil. 

 
 4.1.2 Confined discharge 
 To enhance the plasma cleaning by a glow 
discharge, the plasma density can be in creased by 
confining the discharge geometrically or magnetically. 
Hollow cathode glow discharges are geometrically 
confined discharges that have a plasma density that is 
higher than that of a regular glow discharge by several 
orders of magnitude and require much lower voltages 
to operate. In fact, they can be operated with very high 
power efficiency and low electron bombardment thus 
avoiding high temperatures, while achieving low 
particulate contamination. A hollow cathode 
arrangement used for plasma cleaning/etching is shown 
in Figure 9. One of the most widely discussed 
implementations of the hollow cathode discharge is the 
plasma jet (see below). 

 
  Magnetic fields allow the spatial confinement of 
the plasma, thus increasing its density and therefore, 
enhancing sputtering and etching. An example is 
magnetron sputter etching introduced for surface 
cleaning of metal strip. The discharge is arranged, so 
that the flat, electrically conductive substrates like 
metal strips and sheets are moving through a strong 
magnetic field having a continuous magnetron target 

(Figure 10). Another example is the helicon plasma 
reactor. 

 
 4.1.4 Microwave discharge 
 Microwave plasma are generally more “efficient” 
that RF plasma, in terms of yield per watt of active 
precursor species. Microwave plasmas are efficient in 
creating a high density of radicals, and therefore, a high 
rate of plasma-induced chemical reactions. The 
absence of a high voltage sheath with its accompanying 
ion sputtering of the walls and internal electrodes lower 
substantially possible contamination from the chamber 
walls. Typical microwave reactors used for plasma 
cleaning are based on bringing the power into various 
large-size multimode cavities (chambers) through a 
waveguide mirror (Figure 11a). To improve the plasma 
density, microwave reactors are run in the electron 
cyclotron regime (ECR) and have additional magnetic 
field confinements (Figure 11b). Such reactors are 
used in the electronics industry for plasma cleaning and 
etching. 
 

 
Figure 11(a). A microwave plasma arrangement used for cleaning 

without a magnetic field in ECR regime. 
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Figure 11(b). A microwave plasma arrangement used for 

cleaning with an additional magnetic field in ECR regime. 

 
4.1.5 Remote plasma arrangements 
In the reactors previously discussed, the objects 

are inserted directly into the plasma. In many cases, 
keeping an object in the plasma source creates 
problems with controlling the plasma, keeping the 
plasma cleaning process stable, etc. To avoid these 
problems, an object can be placed outside the plasma 
source, but still in the plasma that is extracted from the 
source (remote plasma arrangement). In industrial 
remote plasma arrangements, a plasma is usually 
extracted using a gas flow through the plasma source 
thus bringing the plasma to the object (Figure 12). 
The object can be kept at a floating voltage, at ground 
potential, or at a bias potential against the plasma. In 
the last two cases, it is important that the total electrical 
current to the object is much less than the cathode 
current. 

 
The microwave plasma cleaner is an inexpensive, 

safe, simple-to-use device that offers space saving 
portability. There is no waste disposal, no hazardous 
solvents or vapors, no isolated work areas, no 
sophisticated ventilation and other space consuming, 

capital intensive equipment; all of which contribute to 
the high cost of cleaning that are typically associated 
with chemical cleaning processes. Plasma cleaning of 
some aircraft and medical parts is an example of the 
utilization of microwave sources. 

 
4.2 Atomspheric-pressure plasma sources for 

cleaning 
Plasma processes at atmospheric pressure do not 

require use of expensive vacuum equipment and, 
therefore, look very attractive. However, the 
development of plasma cleaning at atmospheric 
pressure has problems of its own. Precise plasma 
cleaning requires both the use of clean gases and the 
complete removal of the cleaning products. These 
requirements can be satisfied only by arrangements 
where the plasma processes occur in volumes sealed 
from the air and by using high speed gas flows to lower 
the surface recontamination. The implementation of all 
these requirements can be cost intensive. Nevertheless, 
some successful applications of atmospheric plasmas 
for cleaning have been described already. 
Atmospheric-pressure plasma sources used for plasma 
cleaning include pulsed DC (corona) discharges and 
plasma jets, and microwave frequency sources. 

 
4.2.1 Low to medium frequency discharges 
4.2.1.1. DBD sources 
DBD sources generate non-equilibrium plasma 

maintaining relatively low gas temperature. DBD 
discharges are well studies and easily scaled up for 
surface treatment. Power for the DBD discharges is 
usually supplied by AC power supplies with the 
frequency of the applied voltage in the 10-104 HZ range. 
The DBD devices usually consist of two plane parallel 
electrodes with either one or both electrodes covered 
by a dielectric material (Figure 13). In the treatment 
of the surfaces of dielectric materials, such organic film 
removal from glass surfaces, the material undergoing 
treatment can serve as the dielectric barrier. The 
sample under treatment can be positioned on one of 
the electrodes. If the surface of a metal is under 
treatment, then the metal sample can serve as on of the 
electrodes. A dielectric material would still cover the 
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second electrode. DBD is filamentary in nature with 
discharge channels or streamers forming at random 
locations along the dielectric due to the charge 
accumulation on the dielectric surface. The filaments 
carry the energy and the active species of the 
discharge.  

 

The rate of substance removal is very close to 
exponential as is the remaining thickness as a function 
of time. The exponential character of cleaning 
disappears when the treatment takes place transitions 
to the homogeneous mode. These results show that the 
filaments are essential for surface cleaning. The 
exponential character of the material removal may be 
related to the statistical nature of the filaments. 

The cleaning rate is very sensitive to the 
composition of the plasma gas. The addition of a few 
percent of O2 gas to Ar for example, is essential for 
decomposition and the removal of organic 
contaminants. Higher oxygen concentration results in 
slower removal of the contaminants and in case of 
treating metal surface may lead to the formation of an 
undesirable oxide layer. Dry air or N2 based gas 
mixtures with carefully controlled composition are also 
used for surface cleaning. 

 
4.2.1.2 Capillary barrier discharge sources 
An alternative to a standard DBD configuration is a 

capillary barrier discharge, an arrangement where the 
dielectric material has a series of small holes (Figure 
14). This arrangement produces a higher plasma 
density and so has a higher cleaning capacity. The 
uniformity of the discharge depends on the 
arrangement of the capillaries, but this is still spatially 

non-uniform arrangement. Capillary DBD has a greater 
cleaning efficiency than the traditional DBD but 
maintains the same drawbacks of the possibility of 
damage and deposition of undesirable substances onto 
the surface being treated. 

 

 

4.2.1.3 Corona discharge sources 
Corona type configurations use a thin wire or 

needle electrode and a relatively large cylindrical or 
planar electrode (Figure 15). Pulsed or ac power is 
supplied to the sharp electrode and the flat electrode is 
grounded. Corona discharges at atmospheric pressure 
can be used, for example, to remove oil film from metal 
surfaces and wires. An example of such process is 
shown in Figure 15. A wire coated in oil lubricant is 
pulled through the plasma processing reactor at a fairly 
fast rate of about 5 m/s. the wire itself serves as the 
sharp electrode centered inside a cylindrical electrode 
with a ceramic material on the inside. The addition of 
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oxygen is needed for the decomposition of the organic 
contaminants. The gas mixtures resulting in the highest 
cleaning rates produce the best overall results. The 
cleaning needs to be fast (~1ms per treatment) to 
prevent re-deposition of the decomposition products 
and surface oxidation. The presence of SF6 for example, 
results in deposition instead of cleaning. 
 

4.2.2 RF and microwave discharges 
RF discharges at atmospheric pressure can be 

capacitively or inductively coupled. Capacitively coupled 
discharges (CCP) are usually lower in the power than 
the inductively coupled discharges (ICP) producing a 
plasma that has lower gas temperature and is gentler 
on the treated material. A uniform one-atmosphere 
glow discharge can be generated using high-frequency 
power and special gases. The applied electric fields (~ 
10kVcm-1) are too low for dc breakdown of operating 
gas. The frequency of the applied are adjusted in such a 
way that the electrons travel freely to the electrodes, 
but the ions remain trapped and build up in the gap 
during the RF cycle. This allows the discharge to 
achieve glow discharge conditions. The plasma is 
maintained in helium, nitrogen, air and helium with an 
addition of 1-3% of a molecular gas, such as O2, N2, H2, 
or CF4. About 1% of the added gas molecules are 
dissociated into atoms/radicals providing a sufficient 
concentration for the efficient cleaning of material 
surfaces. Plasma cleaning of aluminum foil and 
automotive steel and etching of photoresist from silicon 
wafers in parallel plate reactors has also been 
investigated. 

Atmospheric pressure plasma (APPJ) (Figure 16) 
is a source configuration with an inner electrode at RF 
power, a grounded outer electrode, and a plasma gas 
flowing between the electrodes and exiting at a fast 
rate. A plasma plume (jet) extends out from the 
grounded electrode. APPJ operates at voltages of 
several hundred volts and at a power of ~ 1kw. The 
portability of APPJ and the location of the plasma plume 
outside of the electrode configuration make this source 
easily adaptable to inline continuous operation. 

 

Surface treatment is also possible using microwave 
plasma or microwave plasma afterglow. Plasma is 
usually partially confined in a resonant chamber and 
exits through a hole into the treatment region. 
Microwave plasma parameters are usually between an 
arc and an atmospheric pressure glow discharge. This is 
also a relatively hot plasma source and substrate 
heating is significant. Some variation in the primary 
cleaning mechanism is possible depending on the 
region of the plasma utilized for the treatment process. 

 
4.2.3 Gasses used in atmospheric pressure plasma 

sources 
Atmospheric pressure plasma utilized or 

investigated for the purposes of surface cleaning are 
ignited in gas mixtures containing He, Ar, Ne, air and N2 
with the addition of small amounts of O2, H2, or CF4. 
The presence of metastable species such as He and N2 
plays an important role in discharge stabilization and 
formation and in the destruction of some contaminants. 
The exact mixtures are very important and depend on 
the specific application. For example, the removal of 
organic compounds is aided by oxidation by O radicals 
produced in plasma with few percent of O2 gas present 
in the working gas. This process produces Co, Co2 and 
fragments of the organic contaminant in various stages 
of decomposition. The fragments must be removed to 
avoid re-contamination. Precise treatment protocol 
must be designed for the specific gas mixture. For 
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example, the presence of the same O2 gas that plays a 
primary role in the removal of lubricants from a metal 
surface can form undesirable oxides on the treated 
surface. The requirements of fast gas flows, clean 
conditions, decomposition fragment removal, and 
electrode cooling increase both the cost and the 
complexity of the atmospheric pressure systems. 

 
5. Concluding Remarks 
This paper gives a brief overview of the 

fundamentals of surface cleaning using both vacuum 
and atmospheric pressure plasma. Sputtering, etching, 
heating and the oxidation of organic contaminants and 
fragment removal have been discussed briefly as 
mechanisms of the removal of contaminant material. 
Specific composition of plasma gasses strongly 
influences the plasma stability, the rate of the cleaning, 
and the end condition of the treated surface. The 
removal of oil lubricants from metal surfaces and the 
cleaning of vacuum vessels will be discussed in more 
detail in future papers. The current paper briefly 
mentions the specific plasma processes responsible for 
surface cleaning. The control of plasma process is 
crucial for successful surface treatment and warrants a 
separate discussion at a future time. 
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