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Polymer Replication Using Ultrasonic Vibration
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Abstract

A new polymer replication technology using ultrasonic vibration is proposed and demonstrated. A
commercial ultrasonic welder has been used in this experiment. Two different types of nickel molds have been
fabricated: pillar type and pore type microstructures. Polymethyl methacrlylate (PMMA) has been used as the
replication material and the optimal molding time was 2 sec and 2.5 sec for pillar-type and pore-type
micromolds, respectively. Compared with the conventional polymer micromolding techniques, the proposed
ultrasonic micromolding technique has the shortest processing time. In addition, only contact area between
micromold and polymer substrate is melted so that the thermal shrinkage can be minimized. The fabricated
PMMA microstructures have been very accurately replicated without vacuum. The proposed ultrasonic
molding technique is a good alternative for high volume production.
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using Ultrasonic welder
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Fig. 2 The designed pattern shapes for Ni mold and their
dimensions: (a) pillar patterns; (b) pore patterns
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Fig. 3 The fabrication process of Ni mold: (a)
photolithography; (b) Si dry etching; (c)
plasma ashing; (d) oxide layer growth; (e)
remove the oxide layer; (f) Cr/Cu seed layer

deposition onto the Si wafer; (g) Ni
electroforming process; (h) remove the Si and
Cr/Cu seed layer
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Fig. 4 Fabricated nickel micromolds: (a) pillar type; (b)
pore type

Fig. 5 Plastic ultrasonlc welder system
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Fig. 6 SEM images of the replicated PMMA structure
in case of using the pillar shape Ni mold; (a) 1 sec;
(b) 1.5 sec; (c) 2 sec; (d) 2.5 sec
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