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Preparation of Silica Films by Surface Tension Control
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Abstract Silica films were prepared on Si single crystal substrates by a sol-gel process without DMF using TEOS as a
starting material. Films were fabricated by spin coating technique. For films having a composition of TEOS: HC1(1:0.
05 mol), gelation time, the thickness of films, the formation of cracks andthe microstructure of the films were investi-
gated as a function of the molar ratio of CH;OH and H.0. With 8 mol CH,OH, the longest gelation time was measured
to be 640 hr. The thickness of the coated films was decreased with increasing content of CH,OH. The films were sin-
tered at 500°C for 1 hr with a heating rate of 0.6°C/min. The coated films showed worm-like grains and partially
cracked microstructures at an amount of CH;OH 2 mol and 4 mol. The addition of more than 8 mole of CH;OH resulted
in crack-free silica films. This suggests that crack-free films can be fabricated by controlling the surface tension ener-
gy of the sol solutions without DMF.
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Table 1. The chemical formula and function of starting
materials.

Starting Chemical . .
K Purity Function
materials formula
TEOS (C.H:0)Si | 935 wt% Dispersoid
Methanol CH,;OH 99.99 wt% Solvent
DI- Water H.O - Hydrolysis
Hydrochloric Acid HClI 35% Catalyst
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Table 2. The experimental compositions of samples for
manufacturing of Silica films.

Sample Composition
name TEOS CH,OH H.O HCl
D1 1 0.8 4 0.05
b2 1 2 4 0.05
D3 1 4 4 0.05
D4 1 8 4 0.05
D5 1 20 4 0.05
E TEOS + CHyOH + H0 + HCl |
-
Mixing & Stirring |
i Substrate, Si

! Sol 1 ]
i ! .

i 1 Clcaring & Drying |

I - U — |
‘ Spin coating

|

| Characterization i
Fig. 1. Flow chart of the experimental procedure.
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Fig. 2. Variation of gelation time with methanol contents in D-
series solutions.
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Fig. 3. Optical photographs of Silica films prepared with D-series solutions (a) D1, (b) D2, {c) D3, (d) D4,and
(e) D5, and (f) D2 + 2 mol DMF, and sintered at 500°C for 1 hr.
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Fig. 4. Variation of surface tension with methanol contents in
water.

Si0:

Rougliness (nm)
E-3

"

g

SiO2

Roughness (nm)
-
8

g

% oo
=1
=3

T T

Roughness (nm)
£
8

Si02

~
8

=

L ! 1 L

0.0 0.4 03 1.2 1 X3 2.0

Scanning width (mm)

Fig. 5. Thickness and surface roughness of SiO2 films coated
with DMF-free D-series solutions, (a) D2, (b) D4, (¢} D5, and
sintered at 500°C.
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