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Mechanism of Film Formation in Plasma CVD

INOUE Yasushi and TAKAI Osamu
Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan
O Received 5 July 20000

Abstract

A mechanism of film formation in plasma CVD is explained in terms of three successive reaction processes;
(i) reaction process in a vapor phase, (ii) reaction process on a substrate surface and (iii) reaction process in a
deposited film. Gaseous molecules introduced into a CVD reactor as raw materials cause reactions such as
dissociation, recombination, and ionization in a plasma, and various kinds of chemical species are generated
because of energetic electrons in the plasma. The great diversity of the chemical species generated in the
plasma play a strong role in determining the advantages and disadvantages of plasma CVD. These chemical
species impinge on a substrate surface and cause reactions on the surface. Some active species initially react
and form chemical bonds with a substrate material and then with a growing film after migrating on the sur-
face. During deposition, certain chemical reactions proceed in the growing film. Via these reaction processes,
the film grows on the substrate. Understanding the reactions in the three reaction processes is, therefore, im-

portant in order to optimize process parameters and deposit high quality films.
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Fig. 1 Anillustration of various reactions in plasma CVD.
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Fig. 2 Mass spectra measured by a quadrapole mass spec-
trometer in TMOS-O;, plasma with an O, mixing ratio of
20 %. Before deposition, a characteristic fragmentation
pattern is observed for the reactant organosilicon mole-
cule (a). In plasma, on the other hand, the mass intensity
ofthe patternreduces drastically (b). Comparing these two
spectra, only 2 % of the organosilicon molecules survive
in the plasma.
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Fig. 3 An optical emission spectrum for TMOS-O, plasma with
an O, mixing ratio of 60 % Sharp emission lines from hy-
drogen (¥) and oxygen (e ) atoms, and relatively broad
bands from CO (= ) and OH (0 ) are observed. In the
plasma without oxygen a lot of sharp lines from H, mole-
cules become dominant.
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Fig.4 Aninfrared absorption spectrum measured by in-situ re-
flection absorption infrared spectroscopy (IRRAS) during
deposition of a SiO, film in TMOS-O, plasma with an O,
mixing ratio of 90 %. The bands dueto C=0 (1,730 cm1)
and C-O (1,310 cm”1) are observed clearly. It means that
a chemical structure (or a group) containing C = O and
C-O is produced with the oxidation reaction of a -CHy
group on the film surface.
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Fig.5 IRRAS spectra measured in an annealing process after
deposition. The absorption band due to O-H stretching
vibration consists of two components. The component
(a) located O 3,650 cm”* remains even at 300 O, while
the other component (b) reduces with the dehydration
condensationreaction. The latteris broadened and shifted
toward lower wavenumber (O 3,450 cm™) because of
a strong hydrogen bond.
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Fig. 6 Depth profiles of the films prepared with TMOS at 25 Pa
measured by X-ray photoelectron spectroscopy (e :C,
0 :0 and o :Si). The film deposited without UV irradiation
(a) contains a lot of carbon contaminations, whereas the
UV-irradiated one has small amount of carbon and the
O/Si composition ratio is near to the stoichiometric value.
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