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Effect of Material Flow Direction on the Replication
Characteristics of the Ultrasonic Patterning Process
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Abstract
The present study addresses a direct patterning process on a plastic film using ultrasonic vibration energy. In this
process, a tool horn containing micro-patterns is attached to an ultrasonic power supply, and is used with ultrasonic
vibration to replicate micro-patterns on the surface of a plastic film. To improve the replication characteristics of the
micro-patterns, the effect of the die shape of the ultrasonic patterning process was investigated with respect to the flow
direction control. Finite element analyses were performed to predict the flow characteristics of the polymer with variations
in die design parameters. Experiments were conducted using the optimally-designed die, from which it was possible to

attain much improved pattern replication.
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Fig. 1 Configuration of a direct pattern forming
apparatus using ultrasonic vibration[9]
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Fig. 4 Average pattern height for (a) left region, (b)middle region, and (c) right region
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Fig. 5 Configuration of the pattern heights with a

variation of the load

Table 1 Comparison of the pattern heights with a
variation of the load (um)
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Fig. 6 Configuration of the pattern heights with a

variation of the vibration time

Table 2 Comparison of the pattern heights and with a
variation of the vibration time (um)
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(kgf) mean std. mean std. mean std. (Sec) mean std. mean std. mean std.
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Fig. 7 FE model for the ultrasonic patterning process

Fig. 8 Simulated pattern forming [fixed 1.5s]
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Table 3 Comparison of the pattern heights and Std. deviation with a variation of the forming condition (um)

Pattern height Std. deviation
Forming condition
Left (a) Middle (b) Right (c) Left (a) Middle (b) Right (c)
4.0 sec 53.31 96.85 71.37 39.40 1.93 28.50
w/o SRU
5.0 sec 54.91 96.85 59.40 12.33 3.26 20.19
4.0 sec 79.81 87.65 81.30 11.39 5.45 9.89
with SRU (0.1 pm)
5.0 sec 89.42 98.14 83.87 7.28 2.25 7.56
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Fig.11 Configuration of the pattern heights with a

variation of the side gap
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