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Abstract. The am of this paper isto present first results on dust forming radio-frequency low
presaure plasma in diff erent chemistries. They show that in the CH4-N, plasma the particle
growth mechanisms are dose to those of silicon particles formed in silane plasmas. The
growth phases are evidenced thanks to an eledricd diagnostic based on the analysis of the
time evolution of the discharge impedance.

1. INTRODUCTION

In the last decade, dwsty plasmas, or as adoped now “complex plasmas’, study
becwmes avery active reseach field. Thisis mainly due to onone hand the need o control and
removal of theformed particlesin the plasmatods used in the microel ectronic techndogies [1],
and onthe other hand the @nrection with the astrophysicd and environmental studies.
Recently, it has been shown that nanocrystall ites embedded in an amorphous matrix give very
interesting optoel ectronic properties to these thin layers. This opens the way to many potential
applications such as paymorphous slicon based solar cell swith high and stable efficiency [2].
The nanocrystallitesin question here represent the erlier phase of the particle formation [3].
Their size has been measured using both transmission el ectron microscopy (TEM) and micro-
Raman scatering and shown to be in the range of 2-3 nm. They can be used as quantum dots
in awide range of nanatedhnology applicaions like new generation of microelectronic devices
such asterabit storage memories [4], single dedronic transistors, cold electron emitters etc...

In thiswork we mmpare two plasma chemistries argon-silane and methane-nitrogen
plasmas in terms of dust particle formation mechanisms. All these studies have been carried ou
in areactor which has already been described in detail s elsewhere [5]. The 13.56MHz radio-
frequency (rf) discharge is produced in a grounded stainless $ed cylindricd box of 130mm
inner diameter, equipped with ashower head type rf eledrode. A grid of 20% transparency is
used as its bottom to allow alaminar gas flow. The whole system is enclosed in avacuum vessl
of 300 mm inner diameter and equal height. Optical accessto the plasmais possble through
three vertical dits (2 mm x 40 mm) in the inner cylindrical box and three windows (® =50 mm)
on the vaauum vessel. Observation dlits and windows are digned and placed at 90° from each
other.
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2. IN-SITU PARTICLE DETECTION

The diagnastic used in thiswork has been developed in the GREMI laboratory. It is
based onthe modificaions induced by the occurrence of the nanoparticles in the dectricd
characteristics of the discharge. Indeed, their presence dfedsthe dectrical conductivity of the
plasma and therefore the anplitude of the discharge airrent is deaeased. We used for this
purpose the third harmonic (H3) and self-bias voltage Vpc to foll ow the dust particle formation.
The diff erent phases are well evidenced through the time evolution d the aurrent signal.
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Figure 1 gives an example of thisevolutionfor sili con particlesformed in SiH4,-Ar gas
mixture plasma. The first phase of this curve (0 to t,) represents the period duing which the
sili con nanocrystdlit es are formed and accumulated urtil their number density reades acriticd
value of about 10" cm. At this concentration the nanocrystallit es gart to coagulate to form
bigger dusts. After t, the drastic decrease of the aurrent is mainly due to the dectron attachment
onthe particles. In order to confirm this result we @lleded nanocrystalites on SiO, substrate.
Figure 2 gives a scanning el edron microscope (SEM) picture of these small entities. To collea
these nanoparticles the plasma has been stopped before the beginning of the coal escence phase
i.e. before ta.

The arbon ntride diemistry is dudied for two main interests. The first one is the
simulation d the amosphere of Titan, the satellite of Saturn that will be studied duing the
CASSNI misgon. The seoond e is the synthesis of nanastructured thin layers of aCN:H
which are very interesting in terms of hardnessand opoel ectronic properties. Figure 3 shows
thetime evolution d bath the third harmonics of the discharge arrent and the self-bias voltage
Vpe. The growth kinetics is much slower when compared to the one in silane based plasmas.
The ped appearing at the discharge ignitionisrelated to the formation d the negative ions that
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are the preaursors of the dust formation as evidenced by the dectron density nein figure 4. The
insert in thislast figure anphasizesits evolution during the first few hundreds ms of the plasma.
The decrease of ne corresponds to the formation d the first nucleus of the particle growth
process The comparison with the silane plasma shows that this phase wrresponds to the
formation of the nanocrystallit es. During this phase the aurrent evolves dowly (Fig.3) and then
starts to deaease when the aalescence phase begins. We can seeon Fig. 4 that during the
formation of the nanocrystallites n has aso a dlow evolution and decreases at the sametime as
H3. The self-bias Vpc exhibits the same trends as H3.
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Fig. 3: Time ewlution o the H3 ard V¢ during Fig.4: Time ewlution d the dedron
the dust particle formation. density during the dust particle formation.

In order to confirm the formation of the nanocrystallites as in the ase of silane plasmas,
we grew up thin layers on sili con substrates and analyzed them thanks to FTIR spedroscopy.
Figure 5 gives typica infra red absorption spectra of the obtained films for different
experimental condtions where we mainly varied the ion banbardment. The presence of the
embedded nanocrystallit es in the layersis evidenced by the pess at: 1012and 1460cm™ for
the a-C3N, nanocrystallit es and 852and 1420 cm™ for the B phase @ predicted by theoreticd
calculations [6]. These observations clearly show that for the CH4-N2 plasmas the dust particle
formation follows the same mechanisms as demonstrated for the silane based ones. It means that
the negative ions are in this case dso the first nucleus. The seand phase crresponds to the
chemicd readions of these ions with the other spedes to form the nanocrystallites that
acawmulate in the plasma glow. When their number density becomes important they start to
coagulate to form big particles.
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Fig. 5: FTIR absorption spedra of carbon nitride
layers deposited onS substrate.

3. CONCLUSION

The oljedive of this paper isto demonstrate that the dust particle growth mechanisms
in CH4-N2 plasma chemistry are the same & in a silane based one. This means that the first
phase of this processis the formation o nanocrystallit es that coagulate to form big particles.
The nanocrystallit es have been evidenced in the deposited thin layers through their infrared
absorption spedroscopy analysis. The nanostructured material grown in thiswork looks like the
paymorphotus sli con wsed for higher and more stable efficiency solar cdls.
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