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Photolithographic Properties of Photosensitive Sol-Gel Materials

and Their Application to Optical Waveguides
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Novel photosensitive sol-gel materials, which are comprised of siloxane oligomers and a photo acid
generator (PAG), have been developed. The spectroscopic studies led to the observation that sol-gel reac-
tion was affected by a balance of between PAG and amine content added as catalysts. Additionally, the bal-
ance strongly influenced the line pattern profile formed with exposure, which indicated that the photo-
lithographic properties changed from negative to positive tone with the amine content. An optical channel

waveguide based on sol-gel materials was fabricated through photolithographic processing and showed low
propagation losses that were 0.3dB/cm and 0.6dB/cm at 1.31#m and 1.55#m, respectively, in addition to ex-

cellent long-term reliability.
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Fig. 1 Sample preparation procedure for photolitho-
graphic property.
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Fig. 2 Schematic diagram of fabrication process for op-
tical channel waveguides.
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Fig. 3 IR spectra of the sol-gel material with 0.1 wt%
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Fig. 4 IR spectra of the sol-gel material with 0.1 wt%

PAG and 0.025 wt% amine.
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Fig. 5 Reaction mechanism of photosensitive sol-gel materials.
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Table 1  Photolithography type of sol-gel materials containing different amount of amine.

Aminelwt% Type of photolithography Exposed area Unexposed area
ooomm negative tone insoluble soluble
g ad soluble soluble
OmooomDm positive tone soluble insoluble
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Fig. 6 Relationship between line width and amine con-
tent for the sol-gel materials with 0.1 wt% PAG
at the exposure dose of 100 mJ/cm?.

Fig. 7 Cross sectional SEM image of line pattern pro-
file using negative type sol-gel materials with
0.01 wt% amine.
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Fig. 8 Sensitivity curves for the sol-gel materials with-
out amine (O )and with 0.025 wt% amine(m ).
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Fig. 9 Cross sectional SEM image of line pattern pro-
file of the positive type sol-gel materials with
0.025 wt% amine.
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Fig. 10 Microscopic photograph of cross section of
channel waveguide fabricated with PJ5007/
5010.
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Fig. 11 Loss spectrum of the optical channel waveguide
fabricated with PJ5007/PJ5010.
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Fig. 12 An change in refractive indices of PJ5007/PJ
5010.
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