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Preparation of a Super Porous Thin Film Using the Supercritical Process
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A novel thin film preparation technique for porous silica, a low dielectric constant material for ultra-large
scale integrated circuits (ULSI), was developed. By using supercritical dry, thin films of silica aerogel, with
a dielectric constant as low as 1.1, were successfully formed. Ultra-clean supercritical dry equipment with
less metal contamination was also developed to evaluate its feasibility to the semiconductor manufacturing
process. Theoretical results of capillary stress (induced in the porous material) compared with mechanical
strength (based on a cellular structure model), effectively demonstrated the advantages of the supercritical

process for porous material preparation.
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’ Solution preparation (TMOS, PEG) ‘

’ Spincoating ‘

’ Gelation in NH,OH vapor ‘

|

’ Solution replacement with ethanol ‘

|

’ Supercritical dry ‘

’ HMDS treatment ‘

Measurement ‘
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Fig. 1 Process sequence for thin film preparation of aerogel
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Fig. 2 Pressure-temperature diagram of CO,
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Fig. 3 The thickness of aerogel film as a function of PEG contents
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(a) 27 wtD PEG, (b) 4 wtO PEG

Photo 1 Cross-sectional scanning electron micrographs of aerogel
films
(a) 27 wtD PEG, (b) 4 wtO PEG
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Photo 2 Scanning electron micrographs of the aerogel films
(a) as-dried, (b) after HMDS vapor treatment
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Fig. 4 Infrared spectra of the silica aerogel films
(a) as-dried, (b) after HMDS vapor treatment
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Fig. 5 Current-voltage characteristics of aerogel thin film
(a) as-dried, (b) after HMDS vapor treatment
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Photo 3 Gapfill characteristics in contact holes
(a) conventional dry, (b) supercritical dry
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Table 1 Metal contamination elements on 200-mm wafer surface after supercritical process by the fabricated equipment

Metals Al Fe Ni

Cr Cu Zn Na Ca K

Concentration (atoms/cm?) 7e9 0 3e9 0 3e9

0O 4e9 0 3e9 0 3e9 0 8e9 0 5e9 0 5e9
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Fig. 6 Pressure-concentration diagram of ethanol and CO,
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Fig. 7 Cellular structure observed on highly porous materials
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Fig. 8 Schematic model for cellular structure
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Fig. 9 Relation between capillary stress and porosity
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