J. Microelectron. Packag. Soc., 31(3), 18-23 (2024)

Print ISSN 1226-9360 Online ISSN 2287-7525

et Y=2IE AT E S8 AR S8 BH 0/M lEHY J&
Z2ul - Y| - g2y

Surface Nano-to-Micro Patterning for Rubber Magnet Composite via
Extreme Pressure Imprint Lithography

Eun Bin Kang, Yu Na Kim, and Woon Ik Park’

Department of Materials Science and Engineering, Pukyong National University, 45, Yongso-ro, Busan, 48513, Republic of Korea

(Received July 9, 2024: Revised July 29, 2024: Accepted July 31, 2024)

2AE JHEJ”OV] i =
Eolu ZFo| e 2AIE HEd sh7]el 013‘]‘5 ] A E—
comp051te, RMC) 7|3 W wlo|Z2 e 7579] T'lg A2
22712)) 9 (extreme pressure imprint lithography, EPIL) 382 Al stalz} gich EPIL 7]
2 ket Alge] e HgA ol JrH MY S B3 ZuA FRES HHASE §X
Ao E RMC ZEel Agate] AH ulo]a g =719 sidd A o] 7e3hs HofFEr) —rﬂ—‘é ZEE ] ]‘1}01

o dasiEgogdao® F4E {8 RMC 713 W o] A=t 2A Y9 bkt e =27] ‘3< do A
de TS 4T T Jde 3 B AFHES BT dvh RMC 25 #9 4 vAE sje o] 7ks$k EPIL
4L nAg =7 “"5& o] Wz} gl AlojE 8 she AW AR FF Azl dE] 4842 F dS A2 Vgt

Abstract: Nanoimprint lithography (NIL) is widely used to form structures ranging from micro to nanoscale due to
its advantage of generating high-resolution patterns at a low process cost. However, most NIL processes require the use
of imprint resists and external elements such as ultraviolet light or heat, necessitating additional post-processes like etching
or metal deposition to pattern the target material. Furthermore, patterning on flexible and/or non-planar films presents
significant challenges. This study introduces an extreme pressure imprint lithography (EPIL) process that can form micro-
/nano-scale patterns on the surface of a flexible rubber magnet composite (RMC) film at room temperature without an
etching process. The EPIL technique can form ultrafine structures over large areas through the plastic deformation of
various materials, including metals, polymers, and ceramics. In this study, we demonstrate the process and outcomes of
creating a variety of periodic structures with diverse pattern sizes and shapes on the surface of a flexible RMC composed
of strontium ferrite and chlorinated polyethylene. The EPIL process, which allows for the precise patterning on the surface
of RMC materials, is expected to find broad applications in the production of advanced electromagnetic device components
that require fine control and changes in magnetic orientation.
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Fig. 1. Patterning procedure for rubber magnetic composite film via EPIL process.
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Fig. 2. Cross-sectional EDS mapping images of RMC film. (a) EDS mapping images of total elements. (b) EDS mapping images of Sr,

Fe, O, and C.
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Fig. 3. Uniform pattern formation of RMC line structures via EPIL method. (a) Si master mold with three line/space widths of (I) 500 nm/
500 nm, (II) 1 pm/1 pm, and (III) 250 nm/250 nm. Si mold was patterned by conventional photolithography process. (b) Photo
image of patterned RMC film by EPIL. (c) SEM images of highly-ordered RMC line patterns. (d) Tilted SEM image of RMC

line structure with a line-width of 1 pm.
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Fig. 4. Comparison of EDS spectrum graphs for RMC films before and after EPIL-patterning. (a) Non-patterned RMC film. (b) RMC

line pattern with a line width of 250 nm.
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Fig. 5. Size distribution of 500 nm RMC line patterns via EPIL
process. (a) RMC film thickness: (Left) 0.5 mm, (right)
1 mm. (b) Uniform size distribution of EPIL-printed RMC
line structures for (a).
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