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Interests in dust particles characterization, nowadays is becoming a hot topic. Indeed synthesis and 
use of nanoparticles of different chemical compositions is now concerning many domains and still 
in development. This requires accurate method tools for the detection, global characterization in 
terms of size, concentration, morphology and optical properties in order to evaluate their toxicity 
and prevent any accidents. A simple and accurate method for the measurement of these two 
parameters in pure argon and argon-acetylene plasmas generated in a capacitively coupled 
radiofrequency discharge is presented. A strong correlation between the discharge impedance and 
the dust particle size and concentration is emphasized and a theoretical model is proposed to 
explain the phenomenon. This electrical method is compared to two other methods based on laser 
light scattering is achieved. 

 
1. Introduction  

 
Plasma nanotechnology is nowadays a domain 

that has very rapid development. Very active 
research programs are under way that bring to the 
fore excellent results and advances. Researchers 
focused their interests on the interaction of the 
plasma and more precisely the reactive species that 
are produced in the gas phase in the plasma with 
surfaces in order to produce nanostructures with 
different properties and for different applications. 
Top-down technology has been widely explored and 
used in order to reduce the device sizes. At the 
present time this technology is facing very difficult 
problems when reaching critical dimension of few 
nanometres.  

 
Dust particles nucleating and growing up in 

plasmas were considered as very harmful. In fact 
when occurring in low pressure plasmas used for 
etching or thin layers deposition they can induce 
irremediable defects in the devices under fabrication. 
The situation is becoming serious due to the 
miniaturization of the devices. As defined by the 
International Technology Roadmap for 
Semiconductors (ITRS), the sizes of the “killer” 
particles is now about 20 nm and will even less in 
the near future. Huge efforts have been devoted to 
understand the dust particle nucleation and growth 
phenomena. The knowledge acquired allows the use 
of dusty plasma as a tool for the development of 
different applications based on the synthesis of 
nanoparticles tailored in different kind of plasmas 
such as energy production (photovoltaic [1, 2, 3] in 
the second and third generation), hydrogen 
conversion (nanocatalysts) [4] and thermoelectricity 
[5]. In fact, plasma synthesised nanoparticles, with 

100 nm in diameter, can exhibit a large specific area 
more than 100 m2/g [4]. 

 
In this contribution we will concentrate our 

attention on dust particles occurring in low-pressure 
plasmas generated by a radio-frequency discharge. 
We shall give a brief overview on the nucleation and 
growth mechanisms. These nanoparticles induce 
when they appear in the plasma drastic changes in 
the plasma and discharge characteristics [6-8] due to 
the strong electron attachment. The main 
modifications concern the plasma resistance and the 
plasma sheath capacitance. These modifications can 
be used to detect the occurrence of the nanoparticles 
in the plasma bulk when their sizes are of the order 
of less than 5 nm.  

 
Rising also is the need of detection and 

metrology techniques of such nanoparticles either 
for the monitoring of their synthesis for dedicated 
uses or for environmental and person’s health 
protection purposes. In fact right now there is a lack 
of regulation codes and rules for nanoparticles 
handling and working conditions. Therefore it is 
very urgent to develop new methods and tools for 
the nanoparticles detection and metrology in dry 
environment and in terms of size, concentration, 
chemical composition, morphology etc.  

 
In this contribution we will present three methods 

allowing to measure the mean size and 
concentration, size distribution and optical 
properties based on the analysis of the modifications 
the dust nanoparticles are inducing on the electrical 
discharge and plasma characteristics when they 
grow up or are injected in the gas phase of a plasma 
generated in a capacitively coupled radiofrequency 
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(CCRF). The results will be compared to those 
obtained thanks to the use of multi-angle laser light 
scattering (MALLS). Finally the size distribution is 
determined by plasma-assisted sedimentation (PAS). 
The comparison of these results allows also the 
determination of the optical characteristics of the 
dust particles. 

 
 

2. Results and discussions 
The first method in question in this contribution, 

which does not require any current/voltage phase 
shift measurement, could be appropriate to monitor 
in real time the plasma coupled power in any CCRF 
discharge with a very good accuracy. Moreover, the 
underlined relationship between the 
plasma/electrode sheath impedance and the dust 
particle size could be used to follow in real time the 
evolution of the size of the dust particles using 
plasma [9]. A very good correlation between the 
evolution of the dust particles size in the plasma and 
the increase of the plasma/electrode sheath 
capacitance (fig. 1) suggests that charged dust 
particles induce an electrostatic force on the plasma 
sheath. An analytical model is proposed in order to 
take this phenomenon into account in future dusty 
plasma electrical modeling [10]. 
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The measurement of the discharge impedance during a dust growth, or when dust particles are 
injected in the plasma, allows following in real time the plasma coupled power and the voltage 
drop across the plasma bulk in a dusty plasma generated in a capacitively coupled radiofrequency 
discharge. A simple and accurate method for the measurement of these two parameters in pure 
argon and argon-silane plasmas is presented. A strong correlation between the discharge sheath 
impedance and the dust article size is emphasized and a theoretical model is proposed to explain 
the phenomenon. This open the way for real time metrology of dust particles trapped in suspension 
in the gas phase of low pressure cold plasma in the nanometer rage. 

 
1. Introduction 

Dust particles growing or injected in plasma 
modify significantly the impedance of capacitively 
coupled radiofrequency (CCRF) discharges. The 
principal modifications are the increase of the 
plasma bulk resistance and of the plasma sheath 
capacitance. In this work, we propose a method to 
evaluate the impedance of the discharge (sheath + 
plasma bulk) during the growth of dust particles in 
plasma without measuring any current/voltage phase 
shift. Then the evolutions of the power coupled into 
the plasma as well as the voltage drop across the 
plasma bulk are derived.  

It follows that the plasma coupled power and the 
voltage drop across the plasma bulk increase by a 
factor of five during the dust growth. Moreover, the 
effect of the reactor stray capacitance on the power 
coupled to the plasma is underlined. Finally, a 
perfect correlation between the evolution of the size 
of the dust particles in the plasma and the increase of 
the plasma/electrode sheath capacitance (fig. 1) 
suggests that charged dust particles induce an 
electrostatic force on the plasma sheath. An 
analytical model is proposed in order to take this 
phenomenon into account in future dusty plasma 
electrical modelling [1]. 

Moreover, these changes in the discharge and 
plasma electrical characteristics are strongly related 
to the dust particles physical parameters that are 
trapped in the plasma. The method presented here 
allows very accurate determination of the mean size 
and concentration of these particles even in the 
nanometre size range.  
 
2. Results and discussions 

The presented method, which does not require 
any current/voltage phase shift measurement, could 
be appropriate to monitor in real time the plasma 

coupled power in any CCRF discharge with a very 
good accuracy. Moreover, the underlined 
relationship between the plasma/electrode sheath 
impedance and the dust particle size could be used to 
follow in real time the evolution of the size of the 
dust particles using plasma [2]. 

 

 
Fig. 1: Comparison between sheath capacitance 

variation and particle size evolution. 
 

Determining the effective power coupled to the 
plasma by measuring the current/voltage wave forms 
without any need to their phase shift. The obtained 
results are compared to the ones given by the sous 
tractive method (Fig.2). Knowing the time evolution 
of this power it is possible to deduce the one of the 
mean value of the electron density over the plasma 
volume and even its changes induced by the 
presence of dust particles. As shown by G. 
Wattieaux et al [1] this can be used to deduce the 
mean size and concentration of these particles. 

 

Topic  n°6 

 
Fig. 1: Correlation between sheath capacitance      

and dust particles mean size formed  
in low-pressure plasma. 

 
It is also possible to determine the effective 

power coupled to the plasma by recording the 
current/voltage waveforms without any need to their 
phase shift. The obtained results are compared to the 
ones given by the subtractive method (Fig.2).  
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Fig. 2: Effective power injected in the plasma vs the 
power at the output of the power supply. 
 

This last results allow the determination of the 
electron density. Thus the variations induced by the 
presence of dust due to electron attachment can be 
evaluated and consequently the particle size and the 
concentration [1] can be deduced.  

In fact the changes induced by the presence of the 
dust particles on the discharge parameters are due to 
the loss of electrons by attachment. Assuming 
spherical particles it is possible to express the total 
electrons attached on the particles as  

variation of the self-bias voltage of the active electrode and
the variation of the electron density of the discharge.

/d ¼ K/
DVDC

Dne
; (3.1)

where K/ is a constant.
Moreover, the orbital motion limited (OML) theory

applied to a spherical particle surrounded by a plasma pre-
dicts that the surface of this particle collects between 2 and 3
electrons per nanometer under usual conditions.38,39

Zd ¼
2p!0

q
ðVP # VdÞ/d % ½2…3'e#=nm; (3.2)

with !0, q, Vp, Vd, and /d being, respectively, the permittivity
in free space, the elementary charge, the plasma potential,
the dust potential, and the dust diameter. Thus, the decay of

the electron density (Dne) when dusts arise in the discharge
should be proportional to both the mean size and the concen-
tration nd of the dust particles.

Dne ¼
2p!0

q
ðVP # VdÞ/d ( nd: (3.3)

Combining Eqs. (3.1) and (3.3), we obtain the expression of
the concentration of the dust particles in the discharge as a
function of the electrical parameters evolution.

nd ¼ #
q

2p!0ðVp # VdÞK/
) ðDneÞ2

DVDC
;

¼ Kn )
ðDneÞ2

DVDC
(3.4)

where Kn is a constant.

FIG. 5. Time evolution of the electron density.

FIG. 6. (Color online) Time evolution of the self-bias
voltage.
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where q, Vp, Vd, Ød and nd are respectively the 
elementary charge, plasma potential, floating 
potential of the dust particles, their diameter and 
number density. This electron density variation will 
have a drastic effect on the self-bias voltage and its 
variation can be written as  

ΔVDC = KΦd
2.nn  

and the dust particle size and concentration can be 
deduced using the expressions [1]: 

ΔVDC
Δne

= KΦ.Φd  and 
Δne( )2

ΔVDC
= Kn.nd  

with KØ and Kn are calibration constants. It thus 
clear that if we can measure the electron density 
variations related to the presence of dust particles in 
the plasma bulk it will allow to determine their size 
and concentration.  

This method was used to measure the size and 
concentration of carbon particles grown in argon-
methane gas mixture low-pressure cold plasma. 
Figure 3 gives the time evolution of these two 
parameters. 

 
Fig. 3 : Time evolution of the size and concentration 
of carbon particles grown in Ar-CH4 plasma. 
 

Therefore the electron density measurement 
method based on the measurements of the effective 
coupled power can be used to size the dust particles 
trapped in the plasma bulk. Figure 4 shows the 
evolution of electron density obtained thanks to this 
method and compared to the results given by 
microwave resonant cavity method. 

Time resolved dust particles metrology by electrical characterization of a dusty 
plasma. 
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Dust particles growing or injected in 
plasma modify significantly the impedance of 
capacitively coupled radiofrequency (CCRF) 
discharges. The principal modifications are the 
increase of the plasma bulk resistance and of 
the plasma sheath capacitance. In this work, 
we propose a method to evaluate the 
impedance of the discharge (sheath + plasma 
bulk) during the growth of dust particles in a 
plasma without measuring any current/voltage 
phase shift. Then the evolution of the power 
coupled into the plasma as well as the voltage 
drop across the plasma bulk are derived. 

It follows that the plasma coupled 
power and the voltage drop across the plasma 
bulk increase by a factor of five during the dust 
growth. Moreover, the effect of the reactor 
stray capacitance on the power coupled to the 
plasma is underlined. Finally, a perfect 
correlation between the evolution of the size of 
the dust particles in the plasma and the 
increase of the plasma/electrode sheath 
capacitance (fig. 1) suggests that charged dust 
particles induce an electrostatic force on the 
plasma sheath. An analytical model is 
proposed in order to take this phenomenon into 
account in future dusty plasma electrical 
modelling [1]. 

 
Fig. 1: Comparison  between sheath 
capacitance variation and particle size 
evolution. 

The presented method, which does not 
require any current/voltage phase shift 

measurement, could be appropriate to monitor 
in real time the plasma coupled power in any 
CCRF discharge with a very good accuracy. 
Moreover, the underlined relationship between 
the plasma/electrode sheath impedance and the 
dust particle size could be used to follow in 
real time the evolution of the size of the dust 
particles using a plasma [2]. 

Determining the power by measuring 
the current/voltage phase shift then completes 
this study and then the effective power coupled 
to the plasma is evaluated and compared to the 
one given by the sous tractive method. This 
last results allow the determination of the 
electron density (Fig.2). Thus the variations 
induced by the presence of dust due to electron 
attachment can be evaluated and consequentely 
the particle size and the concentration [1].  

 
Fig.2 : Electron density evolution with the 
injected power. 
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Fig. 4: Evolution of the electron density with the 
effective coupled power to the plasma. (■ micro 
wave method, ▲ this method) 

We showed here that by measuring the effective 
coupled power to the plasma using external 
parameters it is possible to measure dust particles 
characteristics when they are trapped in the plasma 
gas phase. 
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Fig. 2: effective power injected in the plasma 

 

Fig. 3: Comparison of the electron densities 
obtained in the same plasma using effective coupled 

power and microwave resonant cavity method. 
 

On the basis of the global model of M Lieberman 
and knowing the time evolution of this power it is 
possible to deduce the one of the evolution of the 
mean value of the electron density over the plasma 
volume of the plasma and even its changes induced 
by the presence of dust particles (fig.3). As shown 
by G. Wattieaux et al [10] this can be used to deduce 
the mean size and concentration of these particles 

Thus the variations induced by the presence of 
dust particles can be evaluated and used to 
determine their average size and concentration. In 
fact the changes induced are related to the electron 
attachment on the dust particles. Assuming spherical 
particles it is possible to express the total electron 
loss by attachment as  

variation of the self-bias voltage of the active electrode and
the variation of the electron density of the discharge.

/d ¼ K/
DVDC

Dne
; (3.1)

where K/ is a constant.
Moreover, the orbital motion limited (OML) theory

applied to a spherical particle surrounded by a plasma pre-
dicts that the surface of this particle collects between 2 and 3
electrons per nanometer under usual conditions.38,39

Zd ¼
2p!0

q
ðVP # VdÞ/d % ½2…3'e#=nm; (3.2)

with !0, q, Vp, Vd, and /d being, respectively, the permittivity
in free space, the elementary charge, the plasma potential,
the dust potential, and the dust diameter. Thus, the decay of

the electron density (Dne) when dusts arise in the discharge
should be proportional to both the mean size and the concen-
tration nd of the dust particles.

Dne ¼
2p!0

q
ðVP # VdÞ/d ( nd: (3.3)

Combining Eqs. (3.1) and (3.3), we obtain the expression of
the concentration of the dust particles in the discharge as a
function of the electrical parameters evolution.

nd ¼ #
q

2p!0ðVp # VdÞK/
) ðDneÞ2

DVDC
;

¼ Kn )
ðDneÞ2

DVDC
(3.4)

where Kn is a constant.

FIG. 5. Time evolution of the electron density.

FIG. 6. (Color online) Time evolution of the self-bias
voltage.
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where q, Vp, Vd, Ød and nd are respectively the 
elementary charge, plasma potential, floating 
potential of the dust particles, their diameter and 
number density. This electron density variation will 
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have a drastic effect on the self-bias voltage and its 
variation can be written as  

ΔVDC = KΦd
2.nn  

These variations can be related to the mean particle 
size and concentration as: 

ΔVDC
Δne

= KΦ.Φd         and       
Δne( )2

ΔVDC
= Kn.nd  

with KØ and Kn are calibration constants. It is thus 
clear that if we can measure the electron density 
variations related to the presence of dust particles in 
the plasma bulk it will allow to determine their size 
and concentration.  
 

This method was used to measure the size and 
concentration of carbon particles grown in argon-
methane gas mixture low-pressure cold plasma. 
Figure 4 gives the time evolution of these two 
parameters. 
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Fig. 2: Effective power injected in the plasma vs the 
power at the output of the power supply. 
 

This last results allow the determination of the 
electron density. Thus the variations induced by the 
presence of dust due to electron attachment can be 
evaluated and consequently the particle size and the 
concentration [1] can be deduced.  

In fact the changes induced by the presence of the 
dust particles on the discharge parameters are due to 
the loss of electrons by attachment. Assuming 
spherical particles it is possible to express the total 
electrons attached on the particles as  

variation of the self-bias voltage of the active electrode and
the variation of the electron density of the discharge.

/d ¼ K/
DVDC

Dne
; (3.1)

where K/ is a constant.
Moreover, the orbital motion limited (OML) theory

applied to a spherical particle surrounded by a plasma pre-
dicts that the surface of this particle collects between 2 and 3
electrons per nanometer under usual conditions.38,39

Zd ¼
2p!0

q
ðVP # VdÞ/d % ½2…3'e#=nm; (3.2)

with !0, q, Vp, Vd, and /d being, respectively, the permittivity
in free space, the elementary charge, the plasma potential,
the dust potential, and the dust diameter. Thus, the decay of

the electron density (Dne) when dusts arise in the discharge
should be proportional to both the mean size and the concen-
tration nd of the dust particles.

Dne ¼
2p!0

q
ðVP # VdÞ/d ( nd: (3.3)

Combining Eqs. (3.1) and (3.3), we obtain the expression of
the concentration of the dust particles in the discharge as a
function of the electrical parameters evolution.

nd ¼ #
q

2p!0ðVp # VdÞK/
) ðDneÞ2

DVDC
;

¼ Kn )
ðDneÞ2

DVDC
(3.4)

where Kn is a constant.

FIG. 5. Time evolution of the electron density.

FIG. 6. (Color online) Time evolution of the self-bias
voltage.
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where q, Vp, Vd, Ød and nd are respectively the 
elementary charge, plasma potential, floating 
potential of the dust particles, their diameter and 
number density. This electron density variation will 
have a drastic effect on the self-bias voltage and its 
variation can be written as  

ΔVDC = KΦd
2.nn  

and the dust particle size and concentration can be 
deduced using the expressions [1]: 

ΔVDC
Δne

= KΦ.Φd  and 
Δne( )2

ΔVDC
= Kn.nd  

with KØ and Kn are calibration constants. It thus 
clear that if we can measure the electron density 
variations related to the presence of dust particles in 
the plasma bulk it will allow to determine their size 
and concentration.  

This method was used to measure the size and 
concentration of carbon particles grown in argon-
methane gas mixture low-pressure cold plasma. 
Figure 3 gives the time evolution of these two 
parameters. 

 
Fig. 3 : Time evolution of the size and concentration 
of carbon particles grown in Ar-CH4 plasma. 
 

Therefore the electron density measurement 
method based on the measurements of the effective 
coupled power can be used to size the dust particles 
trapped in the plasma bulk. Figure 4 shows the 
evolution of electron density obtained thanks to this 
method and compared to the results given by 
microwave resonant cavity method. 
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Dust particles growing or injected in 
plasma modify significantly the impedance of 
capacitively coupled radiofrequency (CCRF) 
discharges. The principal modifications are the 
increase of the plasma bulk resistance and of 
the plasma sheath capacitance. In this work, 
we propose a method to evaluate the 
impedance of the discharge (sheath + plasma 
bulk) during the growth of dust particles in a 
plasma without measuring any current/voltage 
phase shift. Then the evolution of the power 
coupled into the plasma as well as the voltage 
drop across the plasma bulk are derived. 

It follows that the plasma coupled 
power and the voltage drop across the plasma 
bulk increase by a factor of five during the dust 
growth. Moreover, the effect of the reactor 
stray capacitance on the power coupled to the 
plasma is underlined. Finally, a perfect 
correlation between the evolution of the size of 
the dust particles in the plasma and the 
increase of the plasma/electrode sheath 
capacitance (fig. 1) suggests that charged dust 
particles induce an electrostatic force on the 
plasma sheath. An analytical model is 
proposed in order to take this phenomenon into 
account in future dusty plasma electrical 
modelling [1]. 

 
Fig. 1: Comparison  between sheath 
capacitance variation and particle size 
evolution. 

The presented method, which does not 
require any current/voltage phase shift 

measurement, could be appropriate to monitor 
in real time the plasma coupled power in any 
CCRF discharge with a very good accuracy. 
Moreover, the underlined relationship between 
the plasma/electrode sheath impedance and the 
dust particle size could be used to follow in 
real time the evolution of the size of the dust 
particles using a plasma [2]. 

Determining the power by measuring 
the current/voltage phase shift then completes 
this study and then the effective power coupled 
to the plasma is evaluated and compared to the 
one given by the sous tractive method. This 
last results allow the determination of the 
electron density (Fig.2). Thus the variations 
induced by the presence of dust due to electron 
attachment can be evaluated and consequentely 
the particle size and the concentration [1].  

 
Fig.2 : Electron density evolution with the 
injected power. 
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Fig. 4: Evolution of the electron density with the 
effective coupled power to the plasma. (■ micro 
wave method, ▲ this method) 

We showed here that by measuring the effective 
coupled power to the plasma using external 
parameters it is possible to measure dust particles 
characteristics when they are trapped in the plasma 
gas phase. 
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Fig. 4: Time evolution of carbon dust particle 

mean size and concentration grown in argon-
methane low-pressure plasma. 

 
Therefore the electron density measurement 

method based on the measurements of the effective 
coupled power can be used to size the dust particles 
trapped in the plasma bulk.  

 
The reactor used to perform these studies has 16 

faces and thus allows recording of the scattered light 
for fifteen different angles located at 22.5° apart 
from each other. Figure 5 gives an example of 
measured size given by MALLS and electrical 
method for carbon particles growing in argon-
acetylene plasma. For long plasma duration we 
observe a difference between the two methods. This 
is due to the fact the electrical one gives an average 
size over the total volume of the plasma while the 
MALLS gives the size in the few mm3 scattering 
volume located in the centre of the reactor.  

7.4 127

7.4 Résultats obtenus pour la croissance de nanoparticules dans un
plasma d’Argon/Acétylène

Nous avons réalisé des expériences simultanément avec les trois méthodes de métrologie présen-
tées précédemment afin de pouvoir comparer les résultats obtenus aves ces différentes méthodes. Nous
avons, donc, réalisé des expérimentations en croissance de nanoparticules, dans un plasma d’Argon/A-
cétylène pour différentes pressions (comprise entre 0.4 mbar et 1 mbar) en enregistrant simultanément
les données des trois diagnostics.

7.4.1 Comparaison de l’évolution temporelle de la taille moyenne obtenue par les
trois méthodes de métrologie étudiées

Nous allons, dans un premier temps, nous intéresser aux résultats obtenus pour la taille moyenne des
nanoparticules. Nous pouvons observer, premièrement, que la distribution en taille moyenne des nano-
particules obtenus par la méthode de sédimentation assistée par plasma est cohérente avec les diamètres
moyens obtenus par la méthode de la caractérisation électrique et de la diffusion multi-angle de la lu-
mière laser. Les figures 7.3, 7.4, ci-dessous, mettent ces résultats en évidence. Par exemple, pour une
pression de 0.8 mbar, la distribution en taille moyenne des nanoparticules est comprise entre 80 nm et
300 nm avec un maximum à 120 nm et les tailles moyennes obtenus par la méthode de caractérisation
électrique et de diffusion multi-angle de la lumière laser sont dans la même gamme de taille, entre 120
nm au maximum pour la méthode de diffusion multi-angle de la lumière laser et de 320 nm pour la
méthode de caractérisation électrique.
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FIGURE 7.3 – Evolution temporelle de la taille moyenne des nanoparticules pour un plasma d’Argon/A-
cétylène à une pression de 0.8 mbar et une puissance de 8 W (obtenue par la méthode de caractérisation
électrique et par la méthode de la diffusion multi-angle de la lumière laser).

 
Fig. 5: Comparison of the measured sizes of carbon 
nanoparticles by electrical method (red crosses) and 

MALLS (blue dots). 
 

It is well known that dust nanoparticles remain 
trapped as long as the plasma is on. They levitate 
close to the lower charge space sheath. As soon as 
the plasma is turned off they fall down and thus 
sediment on the lower electrode.  We drilled a 1 cm 
small hole in diameter in the centre of the electrode 
bellow which we located a sedimentation cell 
equipped with two laser diodes and two photodiodes 
at 90° apart Fig. 6). By this way we can measure the 
sedimentation velocity at low pressure of the 
nanoparticles. At these pressure conditions this 
velocity is directly proportional to the nanoparticle 
size [11, 12]. Therefore when the particles are 
released by turning off the plasma they fall down 
and cross the two laser beams. From the signals 
collected by the two photodiodes it is possible to 
determine the velocity distribution and thus the size 
distribution of the nanoparticles composing the dust 
particles falling cloud.  

 

 
Fig. 6: Plasma-assisted nanoparticles 

sedimentation set-up. 
 

Figure 7 gives the size distribution of the 
particles formed in the ar-SiH4 gas mixture and 10 
seconds plasma duration. It shows the comparison of 
the size distributions obtained thanks to transmission 
electron microscopy (TEM) and plasma-assisted 
sedimentation. It is clear from this figure that we 
have a good agreement between the two methods 
[13] and that PAS has a size resolution of about 1 
nm. The calculated mean size from these 
distributions is also in good agreement with those 
obtained by MALLS and electrical method.  
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Fig. 7: Comparison of the nanoparticles size 

distributions obtained by TEM and by PAS.e. 
 
Conclusion  

In this contribution we compared three different 
methods to measure the average size and 
concentration of dust nanoparticles levitating in a 
low-pressure cold plasma. The first one is based on 
the analysis of the changes induced by the 
nanoparticles on the electrical parameters of the 
discharge and plasma. The second one is the multi-
angles laser light scattering and the third one 
corresponds to the analysis of the sedimentation of 
the nanoparticles when the plasma is turned off. The 
obtained results are in good agreement for particles 
with sizes under 100 nm.  
 
References 
[1] P. Roca i Cabarrocas, P. Gay, and A. Hadjadj, J. 
Vac. Sc. Technol. A 14, 655 (1996). 
[2] Chin-Yi Liu, Zachary C. Holman, and Uwe R. 
Kortshagen, Nano Lett. 9, 449 (2009). 
[3] C. Longeaud, J. P. Kleider, P. Roca i Cabarrocas, 
S. Hamma, R. Meaudre, and M. Meaudre, J. Non-
Cryst. Solids 227-230, 96 (1998). 
[4] F. Vivet, A. Bouchoule, and L. Boufendi, J. 
Appl. Phys. 83, 7474 (1998). 
[5] E. Serrano, K. Li , G. Rus , and J. García-
Martínez “Nanotechnology for the Energy 
Challenge” Ed. J. García-Martínez, (WILEY-VCH 
Verlag GmbH), (2009). 
[6] L. Boufendi, J. Gaudin, S. Huet, G. Viera, and 
M. Dudemaine, Appl. Phys. Lett. 79, 4301 (2001). 
[7] Z. Shen and U. Kortshagen, J. Vac. Sci. Technol. 
A 20(1), 153 (2002). 
[8] J. Schauer, S. Hong, and J. Winter, Plasma 
Sources Sci. Technol. 13(4), 636 (2004). 
[9] G. Wattieaux, A. Mezeghrane, and L. Boufendi, 
Physics of Plasmas, 18, 093701" (2011). 
[10] G. Wattieaux, and L. Boufendi, Physics of 
Plasmas 19, 033701 (2012). 
[11] P.S Epstein. Zur theorie des radiometers. 
Z.Physik, 54 :537, 1929.   
[12] Dauherty-J. E. Kilgore M. D. Porteous R. K. 
Graves, D. B. Charging, transport and heating of 

parti- cules in radiofrequency and electron cyclotron 
resonance plasmas. Plasma Sources Sci. Technol. 3 
:433–441, 1994.  

[13] G Wattieaux1,2, P Lecerf1, L Meyer2, L 

Boufendi2, Y Leconte3, O Sublemontier3, N 

Herlin3, A Asimakopoulou4, A Tsakis4, M 

Daskalos4, A G Konstandopoulos4,5 and F X Ouf6  
« On Line Characterization of SiC Nanoparticles 
Produced by Laser Pyrolysis », Journal of Physics: 
Conference Series 304 (2011) 012021. 

 

 
 


