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Recent Research Trend of Micro Hot-Embossing
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Micro hot-embossing is a powerful tool in the agile additive manufacturing industry. Its applications include optical
components, micro-fluidic devices, MEMS, hydrophobic/hydrophilic surfaces, and energy harvesting devices. To overcome a
drawback of low-process speed, the R2R process has been innovated, with novel embossing mechanisms and process
optimization. Also, new materials beyond thermoplastic polymers have been applied to develop new devices, or enhance
device performance. This review surveys recent progress in micro hot-embossing technology, in terms of new mold
fabrication process, process innovation, and various applications.
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ufo]| 22 3kl Al(Micro Hot-Embossing) 7] G74A]
R} 7jwolt A4S Slol AL At e Thstel 3
Bo] ulHgt nlolAz At o] BAt 15 714RA, 71E
o] REE=A| 7]zl 71Kk =33/l 54, UV (Ultraviolet) W=/
volziz Qmale, QA 743 B Lhemtol A BAro)
g e 915t 714 % shvpolct.

ulo]3 & R A FAHL 2yl 7|glo] I 7lsle] L E
=0l 34, Yk/mtola2 gigdE ZFQI(Embossing)sh= 574,
w37 71#E A3HA o]F (Demolding)dh= 5702 25
Lo, 2% A oA 8] AFS Balo] A dHEY
SN LT S PRIl A dskE Fal] 719
8 Hiels) %1 A0Sl 2 AR 28 5 o

241 FAolA 9] ZRAES 7ItEel A%t A, AEE, &
o] ofgt 7lak Ei de) ey L ZRIske sfEe) slskst
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2 ool oal] FFE A =, fEHolE oo R Tt E]
o] JA fAI T2 A 7 | 713 T gizlo] 939
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olaf) 7kl F7golA el o 34 &=rF AA= A Het.
npo]AE SHAEAS thE ey 3ol Blste] 7o) 1tk
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A HE7F 2ol 57 AlEke] oY= 74"]3} x| oJs|
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sl o] & Qlate] A HEo| AL EAY5H Hit. ol5 &
0}71 flste], & Feo] S ALFFE= 7S AMgdl= B
E(R2R) A 7]&7°S A
& g Sk oheket 34 gAlo] o]FojA|aL §ltt. ulo]
A2 sRIEAY FES F2 A FHOE A AeE ups
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L 71H B 7 EAE 7AR A, ek oAl 9 3
3tA ElErt o} mlo|32 FrAHA gl o8 ZFg oz AR
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U= o] EH-S Akt

Nakajima 532 HPC (Hydroxylpropyl Cellulose) 7|4Fe] H}o]
QUi HRE o]&ste] 7A TS S-S AESte] 1 um
9 AZZE 7= e st HPCol & 7h/d 9] 2-
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BHE dF3E S35 ARSIl ARt 592 A3 %o
waf Ak —‘,%}E(Oxygen Gas Permeability)7} Z+4=3}%=1], o]

= A3t 27t B 5 0] HWol gojut EH Abold] ¥
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Takei 52 Cyclodextrin 7|5+ th3-4] 233} Biodegradable
Polylactide #]21-& o]83}o] AR A FAHOZ 150 nme] i
S AP sh= dl AdEskoint. Fig. 29 o] 7| 9ol 42
o]ojE S Polylactide #|X& thad 53 ©]83sto] &
I S A = FRlof| 2 Dichloromethaneo] 7|3k=|+=
9], 7|3k DichloromethaneS thEA23S 4 wlEEH o 24

Non-porous
quartz mold

Pattern error

Fig. 1 Pattern failure in thermal nanoimprint lithography carried out
using non-gas permeable quartz mold. Reproduced under the
terms of the Creative Commons Attribution (CC BY) license
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Fig. 2 Schematic of imprinting of polylactide and dichloromethane
solution by thermal nanoimprint lithography using porous
cyclodextrin-based gas-permeable mold. Reproduced under
the terms of the Creative Commons Attribution (CC BY)
license
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Al 71w AzE 340 S AlAE 7hset F4 mie- Al
gHAloltt. 53], mi¢- AUt FAolut & 55]3]‘2 7= &
7 el 2 7)Ee] Wyl o= A|zto] oYl #lo|AE o] §gt
LDW (Laser Direct Writing) -2 329 A 2654 &
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W 3xpddom AHsto] glofA Rl 2Fof| AR AT
] (Voxel)ol Mgt gl X AE0] weks doA MA|SHE e
F/ggtct. shAgt F B FIA Y AR Qlsto] LA ThEgt
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Fig. 3 Schematic representation of UV photolithography (PL) and
2PP direct laser write (DWL) process for master fabrication.
(a) Spin coating of OrmoComp. (b) UV-PL to form micro-
sized structures. (c) Deposition of a polymer liquid drop on
the region of interest. (d) DWL by 2PP to from the (e)
nanostructures. (f) Wet development of the nanostructures to
remove non-crosslinked material. Reproduced under the
terms of the Creative Commons Attribution (CC BY) license
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Fig. 4 Schematic diagram of the roll-to-roll hot embossing system
using a focused infrared light
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Table 1 Applications in recent micro hot-embossing studies

icati Feature size
Applications Type Fabrication Feature - Asp © ot Materials Ref
tool geometry Lateral (um)  Height (um) ratio
TCE Hard R2R Mesh 10 3.5 0.35 PEN 23
Hard R2R Mesh 0.4 0.05-0.1 0.125-0.25 PC 24
TFT Soft p2p TFT 20 - - Oxide gel 25
Soft p2P Pillar array 0.5 1.6 32 ZnO-nanoparticle- ¢
dispersed resin
Optical components —  Soft p2p Hole array 0.23 0.14 0.61 Perovskite 27
Light extraction Soft p2pP Hole array 0.3 0.3 1 PMMA 28
Soft p2pP Hole array 03 022 0.73 Hydroxypropyl 29
cellulose
Hard P2P Line 0.3 0.066 0.22 PMMA 30
Soft P2P Line 0.25 0.04-0.165 0.16-0.6 Oxide resist 31
Optical components —  Soft P2P Line 16 0.6 0.038 Thermoplastic 32
. polyurethane
Grating
Hard pP2p Line 1 40 40 Metal foil(Au-Sn) 33
Soft P2P Line 0.625 0.4 0.64 PMMA with 34
nanoparticles
. 3 poly(benzyl
Optical components = P2P Checker board 0.36 0.29 0.8 methacrylate) 35
Anti-reflection (PBMA)
Optical components — .
SPR-based sensor Soft pP2p Pillar array 0.23 0.15 0.65 PMMA 36
Optical components —
Alignment layer of Hard P2P Line 0.65 0.57 0.88 PI 37
liquid crystal
Super-hydrophobic ~ Hard PP Micro structures +° ® 3)5 88 - - PLA/HDPE, PVC 38
surface
Hard p2p Pillar array 14 35 2.5 PffBT4T-20D 39
) ) Hard P2P Wave (AAO) 0.5 0.16 0.32 FEP 40
Triboelectric Mi ol
nanogenerator Hard P2P 'Cr(osfca)mc ¢ 10-24 y y Nylon, FEP 41
& YL Tl Wastel BTN AR Yot §0) 34 0]§3h e} EUA|28) (TFT, Thin-Film Transistor)
AT 2 BEY U2 Sl Rl A0t ok o] Alake mulge] TEelaidy] FHS Bulsh] Sste] o
o]2of 5853 qlrt. &Rt 7ol AFE =T, 2T violaz 3R] e

Table 10] Z32 ulo] =2 Stlnylo] H8H S8AZe] thal  ALHE A(Oxide Gelo] A7ILAS olgslo] HEL BATHE
Helstoct. QT AE ol 7Hn vle] AkEl 71ghe A 7l AQFEINIEE of e oz Fael ofs) At o

S A Hard Typee.2, 574 2ol Al 58 o}85ko] /1 74 Sk ASRHL 1 9] TS Dry Fiching B4
L Hpokg G A9 Soft Typeo 2 ERSHHT} AASH e Apgale], ATHS BATHOR TFTS A%
EYZ=H(TCE, Transparent Conductive Electrode)2 2L T = o AEskeint.

£ Y Sl A taEYo] s A8E 4 e A 2 AAE 7P B 38R HoF § shie BeHEE
E2A Y0 7|8 54 QRS oAl Alo| 2R A Algol] et A2 oot gt gaEel, LED,

P2 e dTozA 7] AR FAES st ol glo]#] 59 sEdtaRtolA FEE B8-S Fole= WS
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flo



1032 / November 2018

ol

FEMalZshe|X] M 3B H H11E

P Barsiet. o] ffofle thekst gl w Foll A&
o] =9lEdl, Pourdavoud 57 oA Hast Wz
(Resonator) 25 7]%o] old Organo-Metal Halide Perovskite
dhato]] mpo]2 SIEA 2 200 nm 27 9] E(Hole) HjE=
215 /dsto], AAAstet H BRI} FAlo] HojuA st
9t} Chen 582 Ze}AE] &334 (Plastic Scintillator) o] Ui
Z fdS FAsto] FFE aE8S 4%/ FY A 4= QA%
th. 71 2|Zoll= Hydroxypropyl Celluloseo]] Wie & sjEE 3
gsto], A ABEsidES 7HA= Plasmonic Crystal
Filmo] A|k=] et >

T o2 PsHEE 0 2= Optical Grating®] Uttt <88 Li-n]
Elof| A =4] mlo]Z2n|E] 2] k¢l FjelE 7}R|= Optical Grating
& T PMMAYRL -2 Hsixjog Eudl Zeju olejd:
Oxide Resist,”! Thermoplastic Polyurethane,”> Metal Foil,*
Nanoparticle® 5 thofst 2 7ol 2-85 ik

I o|9]e] sF HEoz Anti-Reflection 125 FHA5)
OPV (Organic Photovoltaic)?] F-8&& =o|AU» Y7 ]%s
< RS FHEE ZsHe AlA %l 2Est A=
o, PI BE4 Line 8-S FAate] Aol £ Weks 24°
Sh= tll AREE7] = BT

2 52 A 9 ofe] 41 dart 2 S-8-Eofolth
Toosi® 52 HEZd 0|4 7hg-& 3to] thefgh W FApo] 2
gl A 538& e o & 34 34 S8 HDPE, PLA,
PVC 59| 7]3te] sfela @/dstaL 160° o)l &2 7Hl=
ZHke S ARttt ek Ly 572 nto] A2 glE A
A3} Electrohydrodynamic Patterning (EHDP)E ZAgele] =
G 2240) 2 5T DEYHe) heTRE e}
1=

spEtos H ofux shilag v Fmwa ol
Triboelectric Nanogenerator (TENG) £ofo]|= nlo]=2 kol
Jol AgEar Qlry. TENGE dekr7t o g = 719 A=s 4
2wl ol O, WSk st} 1 dste] Ajdel 2
o) Jslq ARE A ouix) shilaE Ajolet. ulaehe
ERle] AENE F/NL4S PARE 1] 277} AX7]
ofzell, FEHol thRt YeaelS FAdstes A7t o]FolA
Qb 20159 ZEET AsAnSs AGEY%S Fluorinated
Ethylene Propylene (FEP) 7] AAO Nano MoldE ©]-83}4
heaElS FASITL ol=RE, 1 mWine] Hele Ak 4
9l TENGE R181¢laL, 2018d0]l= FEP o] nfo]=& w}
HEE o83 a¥ o2 e 3QIEAS o]gste] mlo|a2 sfd
< FAskar o] 2HE 30 V] MY 7.5 mA/m*e] EEE 71X
L TENG*7} 25| Qic}.

£

Uk
29

[

of g

as)
Q2

[o
T ol

8k

bl

o
My
rhu

re

.

oA 22 59 e nholA2 SR Vel %

of el otralrt. nlojaw ShlmAle] SREok= 7]z
ge] ARREE ulolAm =, e B5} sel, vholamgA

aA} Aol A FREAS, Fekast, 2pdE, ofuA] W &

q

A 5 chpRl S8R0k BEY 9iek. 53, ASHE Lheste)
2, fzHoslolE, uloloul s 5 A2 7154 ARE ol g5
of uol= Rt 710 Yl TS BHFORA 71| 4

o A5 AMske o 2 g3

o
=
E3F, vho] 22 SQIEA) S TS S5317] flsto] thekgt
1
5_1

L
1o |
oF
v
filo
1ot
T
o
N
d0 of4

7 7NAe] At o] FojR]aL Qi) g
sto] 71 FAolA Al el AY Rdls o]-§sto] 7l
018 34 HAIE kL, 7] T 5%, Preheating 5
O] M= 57 7= tFstA AlmsEar ok 53 Al &
o|AlS 95t &< 3D =Y HE, o] F R} =3} Laser Direct Writing
o] 7ol A7 = a3l

FS mpolag SRS Ve AAes {8514 284
Ao A7IETE 53], npola g SiIHA Ao FdSS &
HE faE ol HALAY 5 5
< "o id 9 oy taEYeld] asS Wkl s
A%sl= dl 7109k 4= Sirh. SPR A7
I g Ate]l 2Rt SR E 2 5 A5 F
Aol 83k 7HsAdo] & AR o

nfo] 22 IR A]L Fgo] Tedtal A&l fejstas
71578 AMEE o83 M2 A0 7t o de] A8 A
o2 A7E, 39 hAE Bl ATt sEl o] Pl ¥
A S QIohd obA] ARt thefRt S-8AIES] RS A
Zo= 7|t et

> K
iCh

3

rlo

=

U

o

>,

uu)

N

N

2

7l =l 24 7198 = &

ACKNOWLEDGEMENT

B ooqe ofprstare] 2018 WUT A PArGT} 374
A7-le] 201895 F=R AT Bl AFGEARR AkR17I S A1
2(N0002310)2] 2] 3} o]Fo]FL5 L),

REFERENCES

1. M. Worgull, “Hot Embossing - Modeling and Process
Simulation,” William Andrew, pp. 179-225, 20009.

2. Velten, T. Bauerfeld, F., Schuck, H., Scherbaum, S,
Landesberger, C., et al, “Roll-to-Roll Hot Embossing of
Microstructures,” Microsystem Technologies, Vol. 17, No. 4, pp.
619-627, 2011.

3. Chang, C.-Y. and Tsai, M.-H., “Development of a Continuous
Roll-to-Roll Processing System for Mass Production of Plastic
Optical Film,” Journal of Micromechanics and Microengineering,
Vol. 25, No. 12, Paper No. 125014, 2015.

4. Peng, L., Wu, H, Shu, Y., Yi, P,, Deng, Y., et al., “Roll-to-Roll



November 2018 /1033

10.

11.

12.

13.

14.

15.

16.

Hot Embossing System with Shape Preserving Mechanism for
the Large-Area Fabrication of Microstructures,” Review of
Scientific Instruments, Vol. 87, No. 10, Paper No. 105120, 2016.

Rank, A., Lang, V., and Lasagni, A. F., “High Speed Roll to Roll
Hot Embossing of Micrometer and Sub Micrometer Structures
Using Seamless Direct Laser Interference Patterning Treated
Sleeves,” Advanced Engineering Materials, Vol. 19, No. 11, pp.
1-8, 2017.

Shan, X., Chen, S., Mohahidin, M. B., and Wei, J,
“Development of a Roll-to-Roll Thermal Imprinting System with
Seamless Belt-Type Template,” Journal of Micromechanics and
Microengineering, Vol. 27, No. 8, pp. 087001, 2017.

Demko, M. T., Cheng, J. C., and Pisano, A. P., “Rigid, Vapor-
Permeable Poly (4-Methyl-2-Pentyne) Templates for High
Resolution Patterning of Nanoparticles and Polymers,” ACS
Nano, Vol. 6, No. 8, pp. 6890-6896, 2012.

Nakajima, S., Takei, S., Zhou, Z., Maki, H., Sugahara, K., et al.,
“Development of Nanoimprint Lithography Template Materials
Using Biomass,” Journal of Photopolymer Science and

Technology, Vol. 29, No. 2, pp. 189-193, 2016.

Takei, S. and Hanabata, M., “High-Resolution Nanopatterning of
Biodegradable Polylactide by Thermal Nanoimprint Lithography
Using Gas Permeable Mold,” AIP Advances, Vol. 7, No. 3,
Paper No. 035110, 2017.

Cadarso, V. J.,, Chidambaram, N., Jacot-Descombes, L., and
Schift, H., “High-Aspect-Ratio Nanoimprint Process Chains,”
Microsystems & Nanoengineering, Vol. 3, p. 17017, 2017.

Chidambaram, N., Kirchner, R., Altana, M., and Schift, H.,,
“High Fidelity 3D Thermal Nanoimprint with UV Curable
Polydimethyl Siloxane Stamps,” Journal of Vacuum Science &
Technology B, Vol. 34, No. 6, Paper No. 06K401, 2016.

Lin, T.-Y., Do, T., Kwon, P.,, and Lillehoj, P. B., “3D Printed
Metal Molds for Hot Embossing Plastic Microfluidic Devices,”
Lab on a Chip, Vol. 17, No. 2, pp. 241-247, 2017.

Jeong, H., La, M., Park, S. J., and Kim, D. S., “Roll-to-Flat
Texturing System with Infrared Preheating for Manufacturing a
Microfluidic Device,” Microelectronic Engineering, Vol. 107, pp.
10-16, 2013.

Kim, S., Son, Y., Park, H., Kim, B., and Yun, D., “Effects of
on Roll-to-Roll Hot
Embossing,” Microscopy and Microanalysis, Vol. 21, No. 1, pp.
164-171, 2015.

Preheating and Cooling Durations

Jo, J., Kim, W., Kim, K.-Y., and Choi, Y.-M., “Focused-Infrared-
Light Assisted Roll-to-Roll Hot Embossing,” Journal of the
Korean Society for Precision Engineering, Vol. 34, No. 3, pp.
199-203, 2017.

Jiang, M., Lin, S., Jiang, W., and Pan, N., “Hot Embossing
Holographic Images in BOPP Shrink Films Through Large-Area
Roll-to-Roll Nanoimprint Lithography,” Applied Surface Science,
Vol. 311, No. pp. 101-106, 2014.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Deng, Y., Yi, P, Peng, L., Lai, X., and Lin, Z., “Flow Behavior
of Polymers During the Roll-to-Roll Hot Embossing Process,”
Journal of Micromechanics and Microengineering, Vol. 25, No.
6, Paper No. 065004, 2015.

Cheng, G, Sahli, M., Gelin, J.-C., and Barriere, T., “Physical
Modelling, Numerical Simulation and Experimental Investigation
of Microfluidic Devices with Amorphous Thermoplastic
Polymers Using a Hot Embossing Process,” Journal of Materials

Processing Technology, Vol. 229, pp. 36-53, 2016.

Omar, F., Brousseau, E., Elkaseer, A., Kolew, A., Prokopovich,
P, et al, “Development and Experimental Validation of an
Analytical Model to Predict the Demoulding Force in Hot
Embossing,” Journal of Micromechanics and Microengineering,
Vol. 24, No. 5, Paper No. 055007, 2014.

Suzuki, K., Youn, S.-W., Hiroshima, H., and Takagi, H., “Nano-
Soluble
Nanoimprint,” Japanese Journal of Applied Physics, Vol. 54, No.
8, pp. 1-4, 2015.

Patterning on Block Copolymer Polyimide by

Brazil, O., Usov, V., Pethica, J. B., and Cross, G. L., “Large Area
Thermal Nanoimprint Below the Glass Transition Temperature
Via Small Amplitude Oscillatory Shear Forming,” Microelectronic
Engineering, Vol. 182, No. pp. 35-41, 2017.

Yun, D., Kim, J., Kim, M., Kim, D. Y., Kwon, J., et al., “Impact
Print?Type Hot Embossing Process Technology,” Advanced
Engineering Materials, Vol. 20, No. 9, Paper No. 1800386, 2018.

Yu, J.-S,, Jung, G H., Jo, J., Kim, J. S., Kim, J. W, et al,,
“Transparent Conductive Film with Printable Embedded Patterns
for Organic Solar Cells,” Solar Energy Materials and Solar Cells,
Vol. 109, pp. 142-147, 2013.

Kim, G, Shin, J.-H., Choi, H.-J., and Lee, H., “Fabrication of
Transparent and Flexible Ag Three-Dimensional Mesh Electrode
by Thermal Roll-to-Roll Imprint Lithography,” Journal of
Nanoparticle Research, Vol. 16, No. 9, p. 2500, 2014.

Hirose, D., Koyama, H., Fukada, K., Murakami, Y., Satou, K., et
al., “All Solution Printed Oxide Thin?Film Transistors by Direct
Thermal Nanoimprinting for Use in Active Matrix Arrays,”
Physica Status Solidi(A), Vol. 214, No. 1, Paper No. 1600397,
2017.

Byeon, K.-J., Cho, J.-Y., Jo, H.-B., and Lee, H., “Fabrication of
High-Brightness GaN-Based Light-Emitting Diodes Via Thermal
Nanoimprinting of ZnO-Nanoparticle-Dispersed Resin,” Applied
Surface Science, Vol. 346, pp. 354-360, 2015.

Pourdavoud, N., Wang, S., Mayer, A., Hu, T., Chen, Y, et al.,
“Photonic Nanostructures Patterned by Thermal Nanoimprint
Directly into Organo Metal Halide Perovskites,” Advanced
Materials, Vol. 29, No. 12, pp. 1-6, 2017.

Chen, X., Liu, B.,, Wu, Q., Zhu, Z., Zhu, J., et al., “Enhanced
Light Extraction of Plastic Scintillator Using Large-Area
Photonic Crystal Structures Fabricated by Hot Embossing,”
Optics Express, Vol. 26, No. 9, pp. 11438-11446, 2018.



1034 / November 2018

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Espinha, A., Dore, C., Matricardi, C., Alonso, M. 1., Goiii, A. R.,
et al., “Hydroxypropyl Cellulose Photonic Architectures by Soft
Nanoimprinting Lithography,” Nature Photonics, Vol.12, pp.343-
348, 2018.

Khaleque, T, H. G,
“Fabrication of Resonant Patterns using Thermal Nano-Imprint

Svavarsson, and Magnusson, R.,
Lithography for Thin-Film Photovoltaic Applications,” Optics
Express, Vol. 21, No. 104, pp. A631-A641, 2013.

Dinachali, S. S., Saifullah, M. S., Ganesan, R., Thian, E. S., and
He, C., “A Universal Scheme for Patterning of Oxides Via
Thermal Nanoimprint Lithography,” Advanced Functional
Materials, Vol. 23, No. 17, pp. 2201-2211, 2013.

Schauer, S., Meier, T., Reinhard, M., Rohrig, M., Schneider, M.,
et al., “Tunable Diffractive Optical Elements Based on Shape-
Memory Polymers Fabricated Via Hot Embossing,” ACS
Applied Materials & Interfaces, Vol. 8, No. 14, pp. 9423-9430,
2016.

Romano, L., Vila-Comamala, J., Kagias, M., Vogelsang, K.,
Schift, H., et al., “High Aspect Ratio Metal Microcasting by Hot
Embossing for X-Ray Optics Fabrication,” Microelectronic
Engineering, Vol. 176, pp. 6-10, 2017.

Hauser, H., Herter, B., Hofmann, C. L., Hohn, O., Kiibler, V., et
al., “Soft Thermal Nanoimprint of PMMA Doped with
Upconverter Nanoparticles,” Microelectronic Engineering, Vols.
187-188, pp. 154-159, 2018.

Kettle, J., Rees, A., Brousseau, E., and Horie, M., “Low-
Lithography of Anti-
Reflective Structures for Flexible Low Band Gap Organic Solar
Cells,” Journal of Physics D: Applied Physics, Vol. 46, No. 10,
Paper No. 105102, 2013.

Temperature Thermal Nanoimprint

Yang, S.-C., Hou, J.-L., Finn, A., Kumar, A., Ge, Y., et al.,
“Synthesis of Multifunctional Plasmonic Nanopillar Array Using
Soft Thermal Nanoimprint Lithography for Highly Sensitive
Refractive Index Sensing,” Nanoscale, Vol. 7, No. 13, pp. 5760-
5766, 2015.

Siqing, S., Wu, H., and Takahara, A., “Molecular Reorientation
of Polyimide Film Induced by Thermal Nanoimprint Lithography
and Liquid Crystals Alignment on It,” Polymer, Vol. 72, pp. 113-
117, 2015.

Toosi, S. F., Moradi, S., Ebrahimi, M., and Hatzikiriakos, S. G,
“Microfabrication of Polymeric Surfaces with Extreme
Wettability Using Hot Embossing,” Applied Surface Science,
Vol. 378, pp. 426-434, 2016.

Lv, G, Liu, Y., Shao, J., Tian, H., and Yu, D., “Facile Fabrication
of Electrohydrodynamic Micro/Nanostructures with High Aspect
Ratio of a Conducting Polymer for Large Scale Superhydrophilic/
Superhydrophobic  Surfaces,” Macromolecular Materials and
Engineering, Vol. 303, No. 2, Paper No. 1700361, 2018.

Choi, D., Yoo, D., and Kim, D. S., “One Step Fabrication of
and Flexible
Nanogenerators Via Thermal Nanoimprinting of Thermoplastic

Transparent Nanotopographical Triboelectric

41.

Fluoropolymers,” Advanced Materials, Vol. 27, No. 45, pp.
7386-7394, 2015.

Saadatnia, Z., Esmailzadeh, E., and Naguib, H. E., “High
Performance Triboelectric Nanogenerator by Hot Embossing on
Self Assembled Micro Particles,” Advanced Engineering Materials,
Vol.1700957, pp. 1-9, 2018.

Seung-Hyun, Lee

received his Ph.D. degree in Mechanical Engi-
neering, from the department of Mechanical
Engineering of the Korea Advanced Institute
of Science and Technology (KAIST), Repub-
lic of Korea, in 2008. Now, he is a senior
researcher in the department of Printed Elec-
tronics, Korea Institute of Machinery and
Materials, His research interest is roll-to-roll
printing, coating and patterning system.
E-mail: shlee79@kimm.re.kr

Jeongdai Jo

received his Ph.D. degree in mechanical engi-
neering from Tohoku University, Japan. Since
1996, he has been working with the Korea
Institute of Machinery and Materials (KIMM).
He is currently a principal researcher at
KIMM. His research interests include micro/
nanoscale printing / coating / patterning and
developing new fabrication process for
organic and flexible devices.

E-mail: micro @kimm.re.kr

Kwang-Young Kim

received his Ph.D. degree in mechanical engi-
neering department from the Dong-A Univer-
sity, Republic of Korea in 1992. Now, he is a
principal researcher in printed electronics
department of the Korea Institute of Machin-
ery and Materials (KIMM). Since joining
KIMM at 1981, he has been working on the
machines and devices design for printing elec-
tronics. His interests include offset printing
machines, OTFT, flexible display and sensors
application for printed electronics devices.
E-mail: kykim@kimm.re.kr

Young-Man Choi

received his Ph. D degree from the department
of Mechanical Engineering of the Korea
Advanced Institute of Science and Technology
(KAIST), Republic of Korea, in 2008. He is
now an assistant professor in Ajou University,
Republic of Korea. His research interests
include precision machine design and manu-
facturing process for printed electronics.
E-mail: ymanchoi@ajou.ac.kr



	마이크로 핫엠보싱 최신 연구 동향
	1. 서론
	2. 마이크로 핫엠보싱 금형 제작 기술
	3. 공정 기술
	4. 응용 사례
	5. 결론
	REFERENCES


