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Development of SSQ Based[TTInm Photoresist
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Siloxane/silsesquioxane (SSQ) and fluorocarbon materials have been identified to be relatively trans-
parent at 157nm. While the main stream of material research effort has been focused on the synthesis of
fluorocarbon polymers, we have made significant progress on developing silsesquioxane polymers for 157
nm photoresist application. Our current SSQ based photoresists (a, €, and o type shown in this paper) have
absorbance value ranging from 3.4 to 2.5¢m™. With a 12000 thickness, a type has demonstrated 60nm L/S
using a 0.85 NA F, Exitech tool with an alt-PSM and € and & type have demonstrated 75nm L/S using a 0.60
NA tool. a type resist patterns (L/S) have been successfully transferred down to underlying spin-on carbon
hard mask (HM) using N2/O:2 RIE. Progress also has been made on reducing the absorbance of SSQ poly-
mers. A new A type SSQ polymer showed absorbance value of 1.66 #m™. The design concept and physical
properties of synthesized SSQ polymers are presented. Lithographic performance of SSQ based resists is

also discussed.
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Table 1  Function of each monomer

Monomer | Function F content
A Solubility switch and Tg enhancement | none
B Polymerization promoter none
C Hydrophilicity middle
D Solubility switch low
E Transparency enhancement high

Table 2 Summary of synthesized polymers

Polymer Composition Mw Yield
test A/B RN mo
A/BI/C o mo
A/DI/C o mo
D/C o mo
D/C/E o mo
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The Design Concept of J5R S50 Based Polymers
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Fig. 1 Three sub modules in the designed SSQ polymer.
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Fig. 2 The first generation SSQ polymers(test polymer)
and its lithographic evaluation at 248 nm.
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Fig. 3 Second generation SSQ polymers (o type platform) and the lithographic performance evaluation at 157 nm.
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Fig. 4 LER improvement by using a different formula-
tion.
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Fig. 5 & Type SSQ polymer and its lithographic evalu-
ation at 157 nm.
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Fig. 6 € Type SSQ polymer and its lithographic evalu-
ation at 157 nm.
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Fig. 7 Trend of decreasing in absorbance with increas-
ing fluorine content in the polymer.
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Fig. 8 Contrast curves of SSQ based photoresists.
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Fig. 9 o Type resist imaged with a 0.85 NA tool at Se-
lete (alt-PSM).

Fig. 10 Cross-sections SEMs of Fig. 9 (o type resist ex-
posed at Selete).
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Fig. 11 Cross-sections SEMs of € and & type resists
evaluated with a 0.6NA tool at Selete.
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Fig. 12 Pattern transfer results at Selete : (a) resist
profile of a type resist on spin-on carbon HM
(0.85NA), (b) after N./O, RIE.
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