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ARTICLE INFO ABSTRACT

Article history: We developed a continuous nanopattern manufacturing system that realizes a
Received 16 April 2018 high-frequency vibrational indentation of a simple flat-edge rigid tool onto a
Accepted 14 May 2018 horizontal-feeding polymer substrate with computer-based control. We first

designed a process principle and its implementation modules, and subsequently
constructed a system prototype. By controlling the tool vibration frequency and
indenting force as well as the substrate feeding speed and stroke direction, we can
create diverse nanopatterns with various periods and shapes including period-
tunable nanogratings and multidimensional nanostructures. Such manufactured
nanopatterns may be utilized in many potential applications involving precision
machinery components, displays and light sources, sensors and actuators, and
flexible electronics and photonics, all of which require tunable periods and shapes.
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Fig. 1 Schematics of vibrational indentation-based nanopattern-
ing principle: (a) isometric view with the coordinate, (b)
front view (xz plane)

Substrate

278 53] @ W] FYOL JPAFIIE Zhe LhetdlolE AR
Ly

= ZPsseT 149 thedloly 349 oAk 292 5%
279 T 1 oPge] Tl Lkl 3 S Ushl 8 4 9)
o7, bl B4 mAek ohd 54 348 2 58 94T
A) % le] 0|4 2R A(stroke) 2 BT ThHY Lhesleld =
3 7Fssihg]. 718 ABe AHHOE Burh ke AEE e

25 ATt AR 7FssksE, 157 2 718k
24718 4] 4 =2 QA (toughness) S 2h= AF 9] ZEH A
50| 7 Agsith

3. KO LI mfE MAF A|AR] MH &

A7) TR S vpero g AR A Az T A2EHL
A & s BE, 7% olF BE, 191 olgs A Teohe
EH Ao} BE o2 o] A 9 758 4 9ot Fig. 2&
3D CAD AXE$o}(Creo Elements/Pro (Pro/ENGINEER
Wildfire 5.0), PTC, Inc.)E ©]&3+ AA| A 2Hle] 24 AAEE
UeRdt) o] 7hedl, 9] 3 W 157] 2E 7 iRk vk
& 7P 83 A 71 st Eof 422 Wake]
& 1< BEo|] HAATS AR SIS v dAshe H
M| EdP o AL 7 Sivk ey 9w 7Rk 3
= WA 71, 72z WY AETE STiskeh 29
Flx B yF) W AR Haslehs 187} stk 7]
o]F 5% AHE(x, vy, z 5, roll ¥ pitch =; Fig. 1(a)
T A Hx) 280 7Fs3 BE| 75 7IRke] AY 2luo]
22H|o]A|(linear stage)Z TAY 4= oW, o] 7|E Aol|A
A =g bl Qg B =RolMe & 2F 2E U olE
She 2E| Al ZES A 75 ol el 238& 9o r*r
14 gt

¢

—

XJ%

I:1>‘

oA

=
Lo rlr

DC motor with
eccentric
mass

Substrate
loading plate

Substrate
feeding
module

Fig. 2 3D modeling of the continuous nanopatterning system
based on vibrational indentation
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Table 1 Specification of a selected motor

Model: RS-750SA-8722 (Mabuchi)
Rated Voltage (V) DCI2V
24,100
3.7
21,000
980
235

No load Speed (rpm)
No load Current (A)
Rated Speed (rpm)

Rated Torque (gfcm)

Rated Current (A)

Size D44x60 mm

Shaft

$5.0x16.0 mm
GM60, PGM42, PGM52

Gear Boxes Available
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Fig. 3 2D and 3D drawings of the eccentric mass and bracket
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Fig. 4 Changes in amplitude and force with changes in motor
speed
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Fig. 5 Schematics of the motor control module; ports in a motor
driver are GND, VDC, M1, M2, PWM, DIR, and GND
in order from the left
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Fig. 6 Completed prototype of the continuous nanopatterning
system based on vibrational indentation: (a) picture of the
entire system, (b) close-up image of the motor with an
eccentric mass and tool mounted
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Fig. 7 Various nanopatterns manufactured by using the develop-
ed system. (a-b) 1D nanogratings with various periods
and depths: (a) 3.5 npm-period, shallow nanograting
fabricated on a PC film (scale bar: 10 pm), (b) 700
nm-period, deep nanograting fabricated on a PFA film
(scale bar: 2 pm), (c) a set of 1 um-period PC
nanograting samples fabricated with varied indentation
force (scale bars: 1 pm), (d) period-tunable nanograting
fabricated by modulating the substrate feeding speed
(scale bar: 10 pm), (e) 2D nanopattern fabricated by
sequential combination of two nanopatterning strokes
(scale bar: 5 um)
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