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Dusty or complex plasmas differ from usual non-equilibrium plasmas through a presence of
small solid particles with the radius ranging between a few nanometers and hundreds of
micrometers. Such solid particles are usually negatively charged and can significantly influence
the plasma properties, especially if their charge density is equal or larger than the free electron
density [1-3]. The additional loss term for electrons is compensated through the increase of
electron mean energy, enhancing the excitation, ionization and dissociation reactions.

To inspect changes in argon plasma parameters due to the dust particle growth, we applied
the well known Laser Induced Fluorescence (LIF) technique on Ar*(°’P,) metastable atoms [4].
To follow the time and space variation of these metastable atoms, we have employed an external
cavity diode laser to excite the Ar* atoms at 772.38 nm and to observe the LIF signal at 810.38
nm. The laser beam was launched perpendicular to the electrodes, 10 cm off - axes, and the LIF
signal was recorded with a CCD camera equipped in front of it with an interference filter centred
at 810 nm (see Fig. 1). The spatial and temporal distribution of Ar* metastables is proportional to
the monitored LIF signal. Dust particles were grown in argon/acetylene plasma at pressure p =
0.1 mbar, input power P = 15 W and 8 sccm / 0.5 scem flow rates of argon and acetylene,
respectively (sccm = standard cubic centimetre per minute).

In Fig. 2 the spatially resolved distribution of Ar* metastables in pure Ar plasma, deduced
from the LIF signal, is presented. Positions of the upper and lower electrodes are shown to allow
the estimate of the plasma sheath width. Under our experimental conditions, the main production
mechanism of metastable atoms is the direct electron-impact excitation from the ground state of
argon atom. The steady-state density results therefore from an equilibrium between production
and loss frequencies of Ar* atoms [5]. The spatial distribution of Ar* atoms is characteristic for a
rf glow discharge in o regime [6], where the excitation zone is localized near the electrodes.

About one minute after, acetylene is added and due to the efficient quenching of Ar* by
C,H,, the maximum value of Ar* metastable density decreases about tree times (Fig. 3). At the
discharge centre, the density decrease is even larger - about seven times compared to the pure
argon case. This change of spatial distribution reflects the predominance of quenching of Ar* by
acetylene relative to the diffusion loss. The discharge still burns in a regime, in which Ar* atoms
are produced in the negative glow, near the electrodes. But opposite to the pure argon discharge,
Ar* atoms are now efficiently quenched by C,H,, before their diffusion to the discharge centre [7].

Four minutes and twenty seconds after starting the discharge (or three minutes and fifteen
seconds after adding the C,H,) the dust particles are developed and reached the size of about 60
nm in diameter. The metastable density increased about two times but the most striking change is
in the metastable distribution (Fig. 4). The maximum of the density shifts to the discharge centre
and the discharge switches to the spatially homogeneous excitation of Ar* atoms in y’ regime.
The increase of metastable density in the plasma centre is twenty times. This change reflects the
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increase of electron mean energy, which compensates the increase of electron losses on the
growing dust particles.

25 -
[y i
pure Ar -]
g i 8
—- 20 g =
3 = | B
8, = i
1 @ P
. ool a -]
2 154 = 35 4
3 i
43 2 10
=
= ———t—— =
- 1 ~ =
5 (__Plasma : i e ) .
= e | el :
— ! :
< 15¢m 0 -4 f 1 f + }
! Q0 50 100 150 200 250 300

! pixel number
Fig. 1. Experimental set-up, side view: 1- Laser Fig. 2. Spatial Ar* density distribution in a pure
diode 772.38 nm; 2 - plasma chamber; 3 - objective; argon discharge.
4. interference filter at 810 nm; 5- CCD camera.
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Fig. 3. Ar* metastable density distribution in Fig. 3. Ar* metastable density distribution in
Ar/C,H, discharge, before dust particles formation.  Ar/C,H, discharge after dust particles formation.
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