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Modeling of Passive Heating for Replicating Sub-micron Patterns
in Optical Disk Substrates

J. Bae, Y. Kim, H. Kim and S. Kang

Abstract

Transcribability of pit or land groove structures in replicating an optical disk substrate greatly affects
the performance of a high-density optical disk. However, a solidified layer, generated during the polymer
filling, deteriorates transcribability because the solidified layer prevents the polymer melt in filling the
sub-micro patterns. Therefore, the development of the solidified layer during filling stage of injection
molding must be delayed. For this delay, passive heating by insulation layer has been used. In the
present study, to examine the development of the solidified layer delayed by passive heating, the flow of
polymer melt with passive heating was analyzed. Passive heating markedly delayed the development of
the solidified layer, reduced the viscosity of the polymer melt, and increased the fluidity of the polymer
melt in the vicinity of the stamper surface with the sub-micro pattems. As a result, we predict that
passive heating can improve transcribability of an optical disk substrate. To verify our prediction, we
fabricated an optical disk substrate by using passive heating of a mold and measured the transcribability.
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Fig. 1 The development of solidified front
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Fig. 2 Schematic view of Multi-layer structure for
numerical analysis
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Fig. 3 Temperature history of the stamper surface for
different insulation layer thickness
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Fig. 4 Advancement of solidified front with respect to time
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Fig. 5 The viscosity distribution of the polymer melt in the
thickness direction for ~different insulation layer
thicknesses at 0.617s
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(b) mold temperature: 90 C, insulation layer thickness: 78um

Fig. 6 Land-groove structure at different insulation layer
thickness
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