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Abstract

The purpose of this study to investigate the influence of the plasma
property on the thin film property in plasma enhanced chemical vapor
deposition (PECVD) processes which are employed for deposition of silicon
based thin film. This study includes both experimental and simulation analysis.
Correlations between the variation of the intensities of the characteristic
emissions of the gaseous species important for the film deposition and properties
were investigated. In addition, numerical simulation using fluid model was also
conducted for analysis of capacitively-coupled SiH4/H, plasma discharges
operated at very high frequencies (VHF) for deposition of a-Si:H film under
typical plasma parameters often adopted for fabrication process of HIT solar
cells. In experiment, OES-ratio Si/SiH and OES-ratio Hg/H, can be used to
analysis electron temperature in the plasma. But these two OES ratio show the
abnormal variation as power/silane flow rate are varied. However, as the
pressure and germane flow rate increase, the OES-ratios for Si/SiH and Hf/Ha,
dropped. Finally, H, emission intensity can be used to analysis electron density
of plasma. H, emission intensity doesn’t have trend to follow as pressure is
varied. But in the others process condition, H, emission intensity increases with
power, it means higher electron density in the plasma. Moreover, electron
density decreases when the total gas flow rate increases. Simulation results show
that, silane depletion and higher silane species flux ratio increase with power
due to SiH, number density increase. In addition, as pressure or silane flow
rate increase, silane depletion drops while higher silane species flux ratio
increases.
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Silane depletion (%)
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Transttion Wavelength Excitation energy
Si 481 5 3p? 288 nm 508eV
Ge 551 - 4p? 3039nm 496eV
SiH AZA - X 410-425nm JeV
H n=4—2, Hg 486.1nm 12.75eV
H, 3P%M, — 25°%} 595-630 nm 13.87eV
H n=3—2, Ha 656.2m 12.09eV
# 1ol AT
Species Yo Area Width Center R®
Si 351.12 2636.67 0.58 288.17 1
Ge 676.96 266.6 0.59 303.86 0.97
Hp 2453.14 | 1691.51 0.6 486.15 0.98
H, 219.2 3349.02 0.58 656.46 1
£ 2Si~Ge~Hprt 2 Hytebtd ML L%
Wavenumber Yo Area Width Center R®
280 cm™ 10405.02 60 259.12
400 cm™ 0 53106.38 85 392.41 1
480 cm™ 34339.36 59.5 475.09

23 Eupd Y RERE RS
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Frequency : 27.12 MHz

Temperature : 250 C

Electrode size : 25 x 25 cm?

Electrode distance : 17 mm

Glass size : 5 x 5 cm? Power : 40 W
Pressure : 150 pa
1 2 3
H, (sccm) 327 336 345
SiH,4 (sccm) 50
GeH, (sccm) 3 4 5

24 2 FEEFHTELF %
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g

Frequency : 27.12 MHz

Temperature : 250 C

Electrode size : 25 x 25 cm?

Electrode distance : 17 mm

Glass size : 5 x 5 cm?

H,/SiH,/GeH, = 327/50/3 (sccm)

Pressure : 150 pa

1 2 3 4
Power (W) 40 60 80 100
Power
_ 64 96 128 160
Density (“=
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Frequency : 27.12 MHz

Temperature : 250 C

Electrode size : 25 x 25 cm?

Electrode distance : 17 mm

Glass size : 5 x 5 cm? Power : 100 W
Pressure : 150 pa
1 2 3 4
H, (sccm) 345
SiH,4 (sccm) 10 20 30 40
GeH, (sccm) 5
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Frequency : 27.12 MHz

Temperature : 250 C

Electrode size : 25 x 25 cm?

Electrode distance : 17 mm

Glass size : 5 x 5 cm?

H,/SiH4/GeH, = 300/30/50 (sccm)

Power : 100 W

Pressure (pa) 100

200 300

400

2 T2 FRA 29 % 8
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27.12 MHz

0.25 — 1.25 W/cm?

400 — 800 pa

H, : 32 sccm
SiH, : 0.2 — 1 sccm

% 8 fikt S
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