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ABSTRACT

Using a recently developed Hybric. Plasma-Particle Accelerating Impact Deposition (HP-PAID) process, synthesis of nanostructured
silicon coatings has been investigated by injecting vapor-phase TEOS (tetracthosysilane, (C,H50),Si) into an Ar hybrid plasma. The
plasma jet with reactants was expanded through nozzle into a deposition chamber, with the pressure dropping from 700 to 10 torr.
Ultrafine particles accelerated in the free jet downstream of the nozzle, deposited by an inertial impaction onto a temperature controlled
substrate. By using this process, nanostructured amorphous silicon coatings with grain size smaller than 10 nm could be synthesized.
These samples were annealed in an Ar and crystallized at 900°C for 30 min. TEM analysis showed that the annealed coatings were
also composed of nanoparticles smaller than 10 nm, which showed a good consistency that the average grain size of 7 nm was also
estimated from a peak shift of 2.39 cm ' and Full Width at Half Maximum (FWHM) 5.92 cm™ of Raman analysis. The noteworthy
is that a strong PL peak at 398 nm was also obtained for this sample, which indicates that the deposited coatings also contained 3~4 nm
nanostructured grains.
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Fig. 1. Schematic view of HP-PAID (Hybrid Plasma-Particle
Accelerating Impact Deposition) process system (a) and
photograph showing plasma jet through a nozzle (b).
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Table 1. Experimental Conditions

9010
DC power a
voltage
35~50
Power (V)
supply current 34
(A
RF power
voltage 5.6
(kV)

DC plasma gas(Ar)  5~10

Gas flow rate(SLM) RF plasma gas(Ar)  20~30

Carrie- gas(Ar) 2~5
Reactions injection rate(SLM) (C,H;0),Si 0.05~0.2
Nozzle to substrate distance (mm) 10~20

Nozzle inlet 50~100
Pressure(kPa) I,

Deposition chamber 100~1000
Substrate temperature (°C) 250~400
Deposition time (min) 3~4
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Fig. 2. SEM (A) and TEM (B) micrographs of the deposited

materials.
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Fig. 3. X-ray diffraction patterns of as deposited and annealed
samples. The samples were annealed in a tube furnace at
temperatures 850, 900, 950, and 1000°C for 30 min,
respectively.

(b)

Fig. 4. SEM (a) and TEM (b) micrograph of sample annealed
in a tube furnace at temperature 900°C for 30 min.
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Fig. 5. EDS patterns of as deposited (a) and annealed samples
((b)~(d)). The samples were annealed in a tube furnace at
{b) 900, (c) 950, and (d) 1000°C for 30 min, respectively.
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Fig. 6. FT-IR spectra of as deposited and annealed samples.
The samples were annealed in a tube furnace at
temperatures 900, 950, and 1000°C for 30 min.
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Fig. 7. Raman spectra (450~600 em™) of as deposited and
annealed samples. The samples were annealed in a tube
furnace at temperatures 900, 950, and 1000°C for
30 min.
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samples (a). The samples were annealed in a tube furnace
at temperature 850, 900, 950, and 1000°C for 30 min. Fig.
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intensity (b2) as a function of temperature (b).
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