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Abstract — The distributions of chemical species and patrticles inside a silane plasma chemical vapor deposition (PCVD)
reactor were theoretically investigated under various plasma conditions. We included the effects of chemical reactions, fluid
convection, diffusion and electrical migration on the governing equations of chemical species. The effects of fluid convection,
particle diffusion and external forces (ion drag, electrostatic and gravitational forces) on the movement of particlbe inside t
plasma reactor were also examined. The,Sibincentration profiles showed sharp peaks at the reactor center, but almost zero
in the sheath regions. The concentrations of negative ions in the sheath region became almost zero and most of them were con-
tained inside the bulk plasma. The concentrations of negative ions at the downstream sheath boundary were higher than those
at the upstream sheath boundary due to the effect of fluid convection. Most of those particles were located in the region near
the sheath boundaries by the balance between the ion drag and electrostatic forces, but the particle concentratiorts in the shea
region and in the bulk plasma were almost zero. The particle concentrations were greater at the downstream sheath boundary
than at the upstream sheath boundary by the effect of fluid convection. As the particle size increased fromuén] im0
particles were located at the downstream sheath boundary by the effect of fluid convection. It was found that the movements of
negative ions as well as the positive ions were also important for determining the ion drag force acting on particles in silane
PCVD.
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Fig. 1. Schematic illustration of a silane PCVD reactor for modeling.
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Table 1. The main plasma reactions in a silane PCVD
(Note: e represents the electron. The,8iH3) and Sit)(v,, 4) are
the vibrationally excited states of SH

Rate constants
k,=4x 1073 R1
k,=2x 1070 R2
k=1.43<10! R3

k=8.34x10° R4

k=8.74x10° R5
ke=3.05x<10%? R6
k;=6.08<10° R7

k=1.68<107 RS

Reactions

SiH,+e - SiH; (SiH; or SiHy)+(H or H,)
SiH,+e - SiH, (neutrals)+(H or k)
SiH;+e - SiH;+(H or H)
SiH,te - SiH,(v,, 4)+e
SiH,te - SiH,(v,, 3)+e
SiH,(v,, 4)+H, — SiH+H,
SiH,(vy, 3)+H, — SiH+H,
SiH; + e - SiH(neutrals)+H
SiH+e - SiH; kg=4x 10713 R9
SiH +SiH; - SiH,(neutrals)+(Hor ) k;~5x1077 R10
Si;Hg +SiH, - Si, Hy +(H or H) (n: 1-13) k,=10* R11-23
k,=2.5x10°
k;=2.8% 10°
k;=3.2x10°
k;=3.6x 10°
Kyg.074% 10°
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Fig. 2. Distributions of electric field strength and plasma potential in
silane PCVD reactor (B, 5=—Emi»=100 V/cm).
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Fig. 3. Evolution of SiH, concentration profiles along the axial distanc
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