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Abstract - Silicon deposition by Penning discharge was carried out using a mixture of 5 % SiH,/H, and
Ar gas, and the effects of the deposition conditions(gas mixing ratio, substrate temperature, discharge
power etc.) on the growth rate, crystallinity and morphology of the films deposited were investigated.
The magnetic field(800 G) confined the plasma in the region between the two cathodes and enhanced
the discharge current by a factor of a few hundreds below 1 mTorr. The magnetic field-enhanced plas-
ma density resulted in a very large deposition rate of about 300 A/min at SiH, flow rate of 0.7 sccm and
the substrate temperature of 800'C. Characterization of the films by Raman spectroscopy, X-ray dif-
fraction, and scanning electron microscopy revealed that an epitaxial film with a smooth surface grows a-
bove 800°C, an amorphous film below 400°C, and a rough polycrystalline film at intermediate tem-
peratures.
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Fig. 1. Schematic diagrams of a) PECVD system and b)
Penning discharge apparatus.
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Fig. 2. Penning discharge current as a function of the
cathode voltage with and without magnetic field( 850 G
at the center).
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Fig. 3 Plot of the cathode current vs. gas pressure using
Ar as a test gas.
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Fig. 4. EDS spectra and SEM micrographs showing (a)
a rough and contaminated silicon film and (b) a smooth
and pure silicon film which were deposited using a stain-
less steel and a silicon wafer cathod, respectively.
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Fig. 5. Growth rate vs. the substrate position from the
plasma edge. SEM micrographs in the inset show the
surface morphology of the films grown at a distance of
0.5 cm and 1 cm, respectively.
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Fig. 6. Effect of Ar dilution in the gas mixture on the
growth rate.
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Table 1. Rate consants of SiH, dissociation by electron impact and Excitation transfer

Rate
Process Constant(x 10") Reference
e +SiH— SiH;+H+e 1.59 29
e +SiH—SiH,+H+H +¢" 0.187 29
[Ar*, Ar**]+SiH,— SiH,+H + Ar 1.40 30
[Ar*, Ar**]+SiH— SiH,+H+H+ Ar 2.60 30
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Fig. 8. SEM micrographs showing the morphology of
the films deposited at various substrate temperatures: Ts=
400(a), 500(b), 600(c), 700(d), 800(e), and 900°C(f).
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