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ABSTRACT

The process development for synthesis of low dielectric silica thin films by freeze drying and their ap-
plicability as an IMD material were investigated. The porous silica thin fiims were synthesized by freeze-
dryimg of wet gel films, which were spin-coated on p-3i (111) wafer using the polymeric silicz sol prepared
from TEOS and iso-propanol {IPA) or tert-butancl (TBA) by the two step sol-gel process. For obtaining
the uniform coated lavers by spin coating, the optimum viscosity of IPA and TBA silica sols were 10~14 cP
and 20~30 cP, respectively and the spin rate was beyond 2000 rpin. Defect-free porous silica ihin films
could be prepared by freezing wet gel films to -196°C using TBA (freezing point of 25°C) as a freezing sol-
vent, followed by heating to 0°C and evacuating 1o 0.1 torr {or removing solid TBA inside the film, and then
[inal heat-trealment of dried films up to 200°C. The film thickness was controlled in the range of 2500~
15000 A depending on the spin rate and the sol type. The density and the dielectric constant of porous silica
films synthesized in thos siudy were 0.9+0.3 gfem® (602 10% porosity) and 2.4. respectively.

Key words : Porous silica thin film, Low diclectric thin film, Polymer sifica sol, Spin coating, Freeze drying process
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Fig. 1. Overall experimental flow chart.
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Table 1. Polymeric Silica Sols Used for Spin Coaling
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Fig. 2. Freeze-drying apparatus.
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Fig. 5. Photographs (x150) for surfaces for wet gel films coated at 2000 rpm with S10, sols (TBS) of different
viscosity : (a) 10 cP, (b} 20 cP, (c) 25 ¢P and (d) 50 cP.
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Table 2. Coaling Charactenstics according to Type and Viscosity of Sols and Spin Rpm

L . Results [
Sol viscosily Coatmg time —
(cP) k Spin rpm (segc) 1PS sal TBS sol
{1IPA atmosphere) {TB atmosphere)
1000 Incomplete spinning Incamplete spinning
4~6 2000 20 Non-uniformity Incomplete spinning
3000 Non-umformily Incomplete spinming
1000 Incomplete spinung Non-uniformity
10~14 2000 20 Good uniformity Nem-uniformity
3000 Good uniformy Non-uniformity
1000 Thick [ilm with defects Good uniformity
20~30 2000 20 Thick film with defects Good umfornity
3000 Thick film with detects Good uniforniity
1000 Thack film with defects Thick film with defects
50 2000 20 Thacl: film with defects Thiclk film with defects
3000 Thicl: film with defects Thick film with defects
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Fig. 12. SEM nucrographs of freeze-deied TBS Si0, films with different aging times in lert-butanol: (2) for 7
days and (b) for 25 days.
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