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Abstract
The present study examines the micro-pattern replication on a plastic film using ultrasonic imprinting. Ultrasonic

imprinting uses ultrasonic waves to generate repetitive microscale deformation in the polymer film. The resulting

deformation heat on the surface of the film causes the surface region to soften sufficiently so that a replication of the

micro-pattern can be obtained. To successfully replicate the micro-pattern on a large area of polymer film, a high

replication ratio is needed as well as good uniformity over the entire region. In this study, a horn design is investigated by

finite element analysis and is optimized through a response surface analysis. In the ultrasonic imprinting experiments, the

response surface method was also used to determine the optimal processing conditions for better replication characteristics.
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Fig. 2 Configuration of an ultrasonic horn
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(a) Normalized displacement of the entire horn
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(b) Detailed displacement on the horn tip
Fig. 3 Estimated normalized displacement in the

longitudinal vibration mode
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Table 1 CCD design table and the simulation results

[ (mm) h (mm) f(Hz) A y (%)
56.0 2.0 20285 2.37 4.68
52.0 3.5 19519 2.70 1.26
56.0 5.0 19013 3.14 6.47
52.0 3.5 19519 2.70 1.26
52.0 3.5 19519 2.70 1.26
57.6 3.5 19792 2.72 1.32
52.0 1.38 20299 2.24 6.34
52.0 3.5 19519 2.70 1.26
52.0 3.5 19519 2.70 1.26
48.0 2.0 19898 2.34 4.56
52.0 5.62 18490 3.31 8.85
48.0 5.0 18620 3.07 6.14
46.3 3.5 19234 2.66 1.22
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(a) region 1 (b) region 2
(c) region 4 (d) region 5

Fig. 6 Sectional views of the replicated micro-patterns
at various locations in the initial conditions
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Table 2 B-B design table and the experimental results

1(s) p (MPa) r(C) 71 (%) B (%)
2 0.3 70 19.48 65.37
6 0.3 70 14.27 88.20
2 0.5 70 16.76 71.93
6 0.5 70 16.27 75.11
2 0.4 60 15.57 74.09
6 0.4 60 16.05 85.77
2 0.4 80 13.89 77.84
6 0.4 80 13.02 83.84
4 0.3 60 28.76 78.05
4 0.5 60 16.34 86.86
4 0.3 80 17.15 82.20
4 0.5 80 8.66 83.73
4 0.4 70 14.76 86.22
4 0.4 70 12.74 87.12
4 0.4 70 11.24 86.39
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Fig. 7 Response surface contours for the ultrasonic
imprinting experiments

Time (s)
(b) uniformity error

Table 3 Optimized parameters and the results

Vibration time (s) 6.0
Pressure (MPa) 0.38

Mold temperature (C) 80
Replication ratio (%) 88.01
Uniformity error (%) 12.73
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