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Focused-Infrared-Light Assisted Roll-to-Roll Hot Embossing
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Hot embossing techniques are used to engrave patterns on plastic substrates. Roll based hot embossing uses a heated
roll for a continuous process. A heated roll with relief patterns is impressed on a preheated plastic substrate. Then, the
substrate is cooled down quickly to prevent thermal shrinkage. The roll speed is normally very slow to ensure substrate
temperature increase up to the glass transition temperature. In this paper, we propose a noncontact preheating technique
using focused infrared light. The infrared light is focused as a line beam on a plastic substrate using an elliptical mirror just
before entering the hot embossing roll. The mid range infrared light efficiently raises the substrate temperature. For prelimi-
nary tests, substrate deformation and temperature changes were monitored according to substrate speed. The experiments
show that the proposed technique is a good possibility for high speed hot embossing.
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Fig. 7 Experimental setup for hot embossing: (a) Hot embossing
system, (b) Mask pattern
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Table 1 Pattern depth according to infrared lamp power and speed

(PET A)
Pattern depth (um)
Pg;:)e r Rgﬂ;?:; d Roll temp. (°C) Damage
20 40 60
0 15 2.38 (Roll 100°C) X
60 5 0.23 0.73 1.20 X
80 5 0.38 0.81 2.41 (¢}
80 10 0.42 0.82 1.08 X
100 10 0.26 1.21 1.92 (¢}
100 15 0.43 1.14 1.69 X
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Fig. 8 Embossed patterns: (a) Microscope image, (b) Confocal
image in case of no preheating (Roll temperature 100°C), (c)
Microscope image, (d) Confocal image in case of FIR
preheating (100% power, 15 mm/s speed)
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