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Since Langmuir and his co-workers have discovered the existence of small solid 
particles (dust) in glow discharges, the formation of particulates in plasmas is a well-
known phenomenon. Particle formation has been observed in several plasma processes 
using reactive gases such as etching, sputtering, or thin film deposition. In the 
fabrication of electronic circuits, for example, dust particles are considered as a main 
source of contamination. They are regarded in these cases as “killer particles” as they 
can cause severe defects of the final product. In other cases, however, the controlled 
growth of particles is required e.g. for applications in catalysis and pharmacy and for the 
fabrication of nano-crystalline materials. In the latter case nanoparticles are 
incorporated into the growing film in order to improve the film properties. 

 Besides Silane, important in PECVD for solar cells, hydrocarbon molecules are 
frequently used as reactive precursors for functional coatings with widespread 
technological applications. A prominent example is diamond-like carbon (DLC). In 
both the Silane and hydrocarbon systems particulate formation can be observed, usually 
competing with thin film deposition.  

Once particles are formed in the plasma, they are usually negatively charged and 
well confined in the (positive) plasma potential. In this contribution we discuss the 
temporal and spatial evolution of the dust formation in capacitively (CCP) and 
inductively coupled (ICP) low pressure RF plasmas in Ar/C2H2 and Ar/CH4 mixtures. 
We will present in situ and ex-situ measurements of particles and of the back-reaction of 
the particles on the plasma itself. Since it is not possible here to cover this wide field 
extensively, we will concentrate on the discussion of a few recently investigated 
aspects. 
 
 
Growth precursors 
 

In a CCP in Ar-CH4 dust formation does not normally occur spontaneously. 
Either a transient high power pulse or the injection of a small C2H2 pulse is required. 
Most likely C2H- ions have to be formed at large enough concentrations to trigger the 
polymerization reaction. The high power pulse leads to the plasma synthesis of C2H2 
which then undergoes dissociative electron attachment to form C2H- as does the injected 
C2H2 . The growth then continues by accretion of positive ions and neutrals. It stops in 
pure Ar-CH4 when the big particles are pushed out of the plasma by ion wind and 
gravity (void formation). In order to have another growth cycle in Ar-CH4 the procedure 
has to be initiated again. C2H2 behaves differently: it shows a self-oscillating growth 
over many periods. The period is about 15-30 min in our plasmas, depending on 
conditions. After the first cycle, the following one starts quasi automatically [1]. 
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Influence of atomic hydrogen  
 

Hydrogen atoms play a key role in many growth mechanisms. In thin film and in 
particle growth there is a permanent competition between deposition and etching 
processes - the balance between them depends strongly on the detailed conditions. 
Diamond growth, as an example, requires high concentrations of hydrogen atoms.  

In an experimental study on the growth of DLC films, an external H-atom source 
was combined with an inductively coupled discharge operated in C2H2. For some 
parameter settings the film growth rate measured by in-situ ellipsometry oscillates. 
When the atomic hydrogen source is switched on these oscillations disappear. 
Scattering measurements performed with a He-Ne-laser show that this phenomenon is 
related to dust particles in the inductively coupled discharge. As long as the atomic 
hydrogen is switched off the scattered laser light exhibits a periodical behaviour, a 
phenomenon due to the periodic particle growth cycles discussed above. When the 
atomic hydrogen is added, the formation of the particles is stopped and the intensity of 
the scattered laser light drops to zero: the whole discharge becomes dust free. As soon 
as the atomic hydrogen source is switched off, the formation of the particles starts again 
and exhibits the same periodic behaviour as before. The mechanism will be discussed in 
detail – it is related to the suppression of the polymerization reactions forming 
macromolecules, which are the precursors of the particles, at a very early stage [2, 3]. 

 
Anomalous density evolution in pulsed plasmas  
 

Pulsed dusty plasmas may show anomalous density behaviour. The free electron 
density, as measured by a fast microwave interferometer, is increasing when the RF-
power is switched off and it is decreasing when the RF-power is switched on, in full 
contrast to dust-free plasmas. One explanation for this phenomenon is related to the 
dynamics of charging and discharging of particles. As a consequence of the high 
mobility of electrons- compared to the mobility of the heavy ions- particles immersed in 
a plasma are usually negatively charged. In stationary state the resulting charge Q i.e. 
the resulting floating potential of the particles, adjusts itself in a way that the flux of 
electrons impinging on one individual particle equals the corresponding flux of positive 
ions.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Evolution of the free electron density in a pulsed dusty plasma. The power pulse is 

 switched on at -1.5 ms and switched off at 0 ms 



The decrease of the electron temperature and consequently of the floating 
potential at the end of each power pulse leads to a liberation of loosely attached 
electrons from the particles. This increases transiently the free electron density although 
the power is turned off. Furthermore, the equality of fluxes is disturbed. The drop of kTe 
at the end of the pulse leads to a situation where Iion >> Ielectron. The excess of ions 
impinging on the particle leads to an enhanced discharging of particles via 
recombination (of electrons and ions on the particle surface) which competes with the 
release of electrons by ion induced desorption and secondary electron emission. We will 
present experimental data and a simple model for the semi-quantitative explanation of 
the effect. It involves the assumption that an unusually high effective secondary electron 
emission coefficient (of the order of about 1) or an unusually low work function of the 
highly charged particles prevail [4]. 
 
 
Astrophysical Aspects  
 

Dust particles are ubiquitous in space, occurring in diffuse and dense interstellar 
media, dark interiors of molecular clouds, stellar envelopes, nova ejecta, the outflow of 
red giant stars, a proto-planetary nebula and other galaxies. A useful tracer of the 
carbonaceous component of dust is the C-H stretch of aliphatic hydrocarbons observed 
in absorption at 3.4 µm throughout the Galactic diffuse interstellar medium.  

The astrophysical aspects of our laboratory dusty plasmas are concerned mainly 
with the infrared absorption signature of plasma polymerised hydrocarbon dust 
particles. Criteria for a good laboratory astro-analogue include spectral profile 
information of the 2940 cm- 1 (3.4 µm) band, the abundance of water and carbonyl 
(largely absent in the interstellar spectra), and the ratio of the CH deformation bands at 
longer wavelengths (6.8, and 7.2 µm) to the 3.4 µm band.   

Particles polymerized in CCP’s in Ar/C2H2 and Ar/CH4 mixtures were analyzed 
in-situ by means of a sensitive multi-pass FTIR-techniques. Their absorption bands 
were assigned to different molecular vibrations, including those of impurities (CO). The 
3.4 µm band shows a very close resemblance to those measured by astrophysicists. Also 
the other requirements for good astro-analogues are met [5]. Work is in progress 
addressing questions of nitrogen addition (Tholins) and plasma polymerization of 
silicates. 
 

 
 
 
 
 
  
 
 Fig.2  IR absorption band 
  at 3.4 µm. Full and open  
  symbols are from astrophysical  
  observations. Full curve 
  is from the Bochum astro- 
  analogue. 
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