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‘Abstract

In this research, we report the preparation and the
characterizations of high quality SiO2 and SiC thin films at low
substrate temperatures by Electron Cyclotron Resonance Plasma
Enhanced Chemical Vapor Deposition (ECR PE-CVD). Oxygen and
tetracthoxysilane (TEOS) serving as plasma and source gases
respectively are used for the SiO2 depositions whereas hydrogen and
hexamethyldisilane (HMDS) are used as plasma and source gases for the
SiC depositions. When the grounded metal mesh is inserted into the
downstream plasma, the reabtion plasma has been found to suit the best
condition for low temperature film depositions. The decomposition
reactions of TEOS and HMDS molecules by the upstream plasma flux
and the film deposition mechanisms have also been investigated in
detail.

Moreover, the films are deposited on the polymer substrates at
the room temperature and the film hardness is observed. The
tribological properties of the polymer surfaces enhanced by these films.
In addition, the polymer surface gloss is increased by SiOp coatings.
Also, SiC has strong absorption in the UV region of the spectrum,
preferably below 300 nm and this leads to suppress the polymer photo-
degradation. It has been concluded that the SiO2 and SiC films prepared
by ECR PE-CVD using the mesh is effective in improving the surface

quality of the general purpose polymer materials.

KL DRI
Low temperature depositions of silicon compoud films by ECR plasma
enhanced chemical vapor deposition method
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Fig.2.4 Structure of sources.
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Fig.2.5 Mechanism of SiC precursor formation in gas phase.
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Table 4.1 ECR plasma CVD conditions of Si0. films

TEOS (Downstream gas) 0.5 ~ 2.0 scem

0. (Upstream gas) 10 sccm

Pressure 0.7 Pa

Microwave power 100 ~ 150 W
Substrate temp. Room temp. ~ +350 °C
Mesh bias voltage 80V ~ +50 V
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Fig. 4.1 FTIR spectra of deposited SiO: films.
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Precursors + Oxygen radicals — Si0. deposition + By-products

(substrate surface reaction)—(2)
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(a) Room temp.
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Fig.4.19 SEM micrographs of SiO2 films
on Al step patterns (without mesh).
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Fig.4.20 SEM micrographs of SiO2 films
on Al step patterns (without mesh).
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Fig.4.21 SEM micrographs of SiO2films
on Al step patterns (with mesh).
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Fig.4.22 SEM micrographs of SiO2films
on Al step patterns (with mesh).
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Table 5.1 ECR plasma CVD condition

He (Carrier gas for HMDS) 0.1 ~ 1.0 sccm

H. (Upstream gas) 10 scem
Pressure 0.1 ~ 2.0 Pa
Microwave power 100 ~ 150 W
Substrate temp. Room temp. ~ +350 °C
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Table 5.2 Deposition rate of SiC film

Deposition rate (A /min)

Without mesh With mesh
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Table 5.3 Atomic ratio of deposited film

Atomic ratio (%)

Sample
Si C 0
Without mesh 34.4 50.7 14.9
With mesh 34.5 50. 3 15.2
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Fig.5.9 SEM micrographs of SiC films
on Al step patterns (with mesh).
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Fig.5.10 SEM micrographs of SiC films
on Al step patterns (with mesh).
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- Table 6.1 ECR plasma conditions of Si0. deposition

Sample
Conditions

a b c
TEOS flow rate (sccm) 1.5 2.0 1.5
0. flow rate (sccm) 10 10 10
Pressure (Pa) 0.7 2.0 0.7
Microwave power (W) 150 80 150
Substrate temp. Room temp. Room temp. Room temp.
Mesh set up X X O

BEBETDS i OJEHEBEELZ LB LA LD %2Fig 6. LIZFT, Rklc
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Fig.6.1 Deposition rates of various samples.
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Table 6.2 Atomic ratio of Si0. films

Atomic ratio (%)

Sample
Si 0 C
a 28.8 69.1 2.1
b 24.7 59.9 15. 4

c 29.1 69. 6 1.3
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Table 6.3 ECR plasma conditions of SiC deposition

He (Carrier gas for HMDS) 1.0 sccm
H. (Upstream gas) 10 sccm
Pressure : 0.7 Pa
Microwave power 150 W
Substrate temp. Room temp.
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Fig.6.3  Substrate temperature vs. deposition time.
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Fig.6.4 SEM micrograph of PC surface.
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Fig.6.5 SEM micrograph of PP surface.
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Fig.6.6 SEM micrographs of SiO2on PC.
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Fig.6.7 SEM micrographs of SiO2 on PP .
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(a) P C substrate
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Fig.6.8 SEM micrographs of SiC on polymers .
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Fig.6.9 AFM micrograph of PC surface .
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Fig.6.10 AFM micrograph of PP surface .
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Fig.6.12 AFM micrograph of SiO2 on PP.
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Fig.6.14 AFM micrograph of SiC on PP.
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Table 6.4 Dynamic hardness of plastic surface

Dynamic Hardness (DH115° )

Si0. Si0. SiC Organosilicon
Substrate Original coat coat coat Hard-coating

Sample b Sample ¢ (Mesh) (Heating Cure)

Polycarbonate 33.6 34.3 3.5 58.8 39.3

Polypropylene 12.5 20.0 22.2 22.5 -
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Table 6.5 Condition of weatherability test by xenon lamp

Xenon arc lamp power 3.5 kW
Irradiance (300~400 nm) 100 W/m®

Lamp irradiation Continuance
UV-cut inner filter ( <275nm ) Borosilicate
UV-cut outer filter ( <320nm ) Soda lime glass
Black—-panel temperature 89+3 C

Humidity 50+5 RH %
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Fig.6.16 Spectral irradiance of xenon arc lamp.
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After UV exposure test:

S R

(f)

(c) PC deposited SiC, Before UV exposure test

PC deposited SiC, After UV exposure test

100pum 100pum
Fig.6.17 SEM micrographs of PC surface before and after UV light exposure test of 1000 hours.
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(a) PP original, Before UV exposure test

(d) PP original, After UV exposure test

(c) PP deposited SiC, Before UV exposure test (f) PP deposited SiC, After UV exposure test

100 pum 100um
Fig.6.18 SEM micrographs of PP surface before and after UV light exposure test of 1000 hours
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