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Abstract: For the past several decades, various next-generation patterning methods have been developed to obtain well-

designed nano-to-micro structures, such as imprint lithography, nanotransfer printing (nTP), directed self-assembly (DSA), E-

beam lithography, and so on. Especially, nTP process has much attention due to its low processing cost, short processing time,

and good compatibility with other patterning techniques in achieving the formation of high-resolution functional patterns. To

transfer functional patterns onto desirable substrates, the use of soft materials is required for precise replication of master mold.

Here, we introduce a simple and practical nTP method to create highly ordered structures using various polymeric replica

materials. We found that polymethyl methacrylate (PMMA), polystyrene (PS), and polyvinylpyridine (PVP) are possible

candidates for replica materials for reliable duplication of Si master mold based on systematic analysis of pattern visualization.

Furthermore, we successfully obtained well-defined metal and oxide nanostructures with functionality on target substrates by

using replica patterns, through deposition and transfer process. We expect that the several candidates of replica materials can

be exploited for effective nanofabrication of complex electronic devices.
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Fig. 1. Schematic illustration of pattern formation by nTP process using various polymer replica materials. (a) nTP process for fabrication of
nano-to-micro patterns and (b) several polymer materials for pattern replication.
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Fig. 2. Replication process of various polymer materials. (a) Si master mold consisting of periodic lines with a width of 250 nm. The Si
master mold was fabricated by conventional photolithography process. (b) Replica line patterns of PMMA, PS, P4VP, and epoxy obtained
from the Si mold. The duplicated polymeric structures show well-ordered line with a width of 250 nm. All polymers dissolved in each good

solvent were spin-coated on the Si mold followed by replication.
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Fig. 3. Highly ordered Pt line structures printed on the SiO2/Si substrate by using various replica materials. Transfer-printed Pt line patterns
obtained from (a) PMMA, (b) PS, and (c) P4VP replica patterns. (d) Photograph image of epoxy replica pattern after Pt deposition by PVD
of sputtering system. The epoxy replica material shows the pattern collapse of Pt line due to the plasma damage for epoxy. (¢) Uniform size
distribution of Pt line structures for (a), (b), and (c). The inset images are FFT patterns, indicating the well-duplicated polymer line structures.
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Fig. 4. Well-ordered oxide line structures by nTP. (a) NiO line structure with a width of 500 nm and (b) Li2CO:s line structure with a width of
250 nm. NiO and Li>CO:s line patterns were obtained by PS and PMMA, respectively.
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