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Abstract
In this work we demonstrate the hot-embossing process under different forming conditions such as forming temperature,

load, and holding time in pressing, in order to determine the suitable conditions required for linear patterning on polymer

plates (PC). Results showed that the replicated pattern depth increased in proportion to an increase in the forming

temperature, load, and time. The reduction of the workpiece thickness increased according to the holding time in the

pressing process. In the process of time, the reduction ratio of the workpiece thickness decreased due to the surface area

increment of the workpiece, while the pressure on the workpiece declined. In order to reduce the bulging ratio we

introduced a temperature difference between the upper and the lower punch.
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Fig. 3 Typical condition history for hot-embossing
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Table 1 conditions of hot-emboss (PC)
Sample num. 1 2 3 4
Ty (°C) 180 170 160 150
T (°C) 180 170 160 150
P (N) 490 490 490 490
ty (s) 100 100 300 300

Replicated pattern field
Fig.10 Schematic of AFM observation positions on
the formed sample 4
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Fig.11 AFM image of center part of replicated pattern
(sample 4), The replicated height of pattern of
center part was 2.75pum
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(b) light end of pattern

(c) upper end of pattern
Fig.12 Replicated pattern image and lines A, B, C, D,
E and F for observation of section on sample 4
by using AFM
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Fig.16 Photographs of PC samples hot-embossed
under different heating conditions (a) sample
1, (b) sample 2, (c) sample 3, (d) sample 4

160°C ©]ske] 2ollx dF e A5 AlHe] FA
Wske dAs] Fo5A HaL, 15 0°C oA HEe
Fig. 16(d) < 2% AHe A

w37 ol g

T dF (P=490N)o. = TReHE g9 Y &
=7 wmeas EEHE feol dwsta wA

w347t dA s
HAE (bulging ratio)S
Li—Lo
Rb —__ Lo LO

x100(%/s) )

A7 Ly =
(1.5cm)°|t}. L = é
2 Hau Aololtt. A EAES
WA B BEow e 5 o,

WA E 4%/s), sample 2(R, =

oE"_
0.346%/s), sample 3(R, = 0.051%/s), sample 4(R

A2 Aol
7 R, Al
A=

sample 1(R, = 0.5

0.0223%/s)th. SRy Fgo] M A=A
S s B A e Bast A9 HAe
ATt =245 A5

AlH ] FA ZHE(reduction ratio of sample
thickness)S 2 (6)¢F 2ol 4<] 33t

Ho—H.:
R:%xloO(%/s) 6)
H

A7IA Hoe AlEY 27] 77, H 2 AEF Al
Hel FA o]tk

Fig. 17 & S&qRAZG9 2P 7HAIRE el

2 AH9 FAZAE YERA Zloltt Sample 1 9]
73 H(Ty=T=180°C) Al 9] 7 Z+2&0] 0.685%/s
2 sample 4(Ty =T,=150°C)2] 0.067%/s H.t} 10 W]
oo #AFAHT.

Fig. 18 o HAEI} A|HFA FAaE7e] 3
g Ueile 2RI AAEA FaES Hd

i D= Ty
A dom FFLEE 160°C 9 170°C Aol o A

622 /et=2M715 88| X|/H 183 H8F, 20094

4 ()3t ol Aelart.

=
o

(@ Sample 1 (@) 180:(: - 490N
(b) 170°C - 490N
12 (c) 160°C - 490N
(b) Sample 2 (d) 150°C - 490N

09t
(c) Sample 3

o
o

(d) Sample 4

o
w

o
=)

Reduction of sample thickness (mm)

=)

100 200 300 400 500 600 700
Press hold time (s)

Fig.17 Punch displacement(reduction of sample
thickness) during hot-emboss process under
the different forming conditions

Sample number

—~ Q
° S
So08 08%
o 108
Qo7 ®) 0.7 _aé
P
206 1062
Q - -5
£05 {050
@ (@ 3
504 104§
< 0
503 1035
L )
@4 0.2 4 0.2%
201 S, {0ig
200 S—
) 1 2 3 4 2
s c
=

Fig.18 Comparison between bulging ratio and
reduction rate of hot-embossed PC

L@ = .

7
L (b)\ lo6
p 5

4

=
o

©

)
T

(a) Replicated pattern depth (um)

4 403
" 0.2
2k 4
— 01
N
0 0.0
1 2 3 4

Sample number

(b) Reduction ratio of sample thicness (%/s)

Fig.19 Variation of the replicated pattern depth and
reduction ratio of sample thickness(Position
for measurement: center of patterned field)

XJA}EHEdB] Zio) ek A
Aelt), 7ketsls (P)ol
IR RN 2% (Ty = TL )7} 160°C
olad wl SAZA(d=10.125mE LS F U
J 5 150°C 9} 160°C Abole] HAlZlel=
J5um ¢ 10.125pm 2 #ZE Q)
amplel 2,3,49 g<InY A4y &
Zolo} HEF o]7}o] FHEXEEF H]

Bl



B
S
S

o
o
=)

a) Replicated pattern depth (um)
o
B
/
- -
2
b) Surfaace roughness (um)

Sample number

Fig.20 Comparison between (a) replicated pattern
depth and (b) surface roughness after hot-
emboss process under the different forming
conditions

HPeEt ¥4 de Aol ol

ol Al o] gsts dAA A=, A
do] gt Aol Al ddstE Ha

ke)
24 &) AFstFrt Fig 21 S tyol W& pC =)
B HdAlzlolol AHFA TAEAAY/Z7IAH
T X100 %)) W3S VeI Q)
Table 2 o A¥Z2AS eI

oA AR ENkS T, B}
S A, UEHe A= Yz
(e}

ETHO9]. Test 1, 2 2F & test 3 9l

e
oxl

ity
>,

0
2
e ol g0

> ol

(o2 L
4o dpr o =
R I eI

>
Lo

@

(b-2) — .
pe

[ o

2F 3

(a) Replicated pattern depth (pm)
>

300 400 500 600
Press hold time (s)

(b) Reduction of sample thickness (%)

Fig.21 Variation of the replicated pattern depth and
reduction ratio of sample thickness with
increasing the press hold-time. (a) replicated
pattern depth (b) reductions of sample
thickness (b-1: test 1, b-2: test 2, b-3: test 3)

vl 2Ale] A W Al B AT

Table 2 conditions of hot-emboss (PC)

Test num. 1 2 3
Tu (°C) 160 160 100
TL(°C) 160 160 160
P N) 490 588 588
th (s) 300, 450, 600 | 300, 450, 600 | 300, 600

ZEE PC 9 Ty Hrp @2 100°C 2 A3
. Test 1, 2, 3914 E5F t,=300s A 10.125um
Al ZeolE & F UMD, ty T A

o). Test 32 - 300s 7
H FA ZAEo] 7.03%, 600s A3
A FAas&L 7.14%E test 2 9 39.43%(ty=300s),
25%(ty=600s)°ll W AAS] Fe& FA i
S Bt

o & 418 > o © o
>~
>,
H,

4.7 B
2mm F7e] By pC o] FARATHANAN ¥
AL R, 3%, A7t 4R Bl vl
A dFE 2AEAT Y LRt 5e5E 3
TSt W e dApzleld] F7HEo] Eke
™, a2, AGLFEF TERAARNY] 53 F
S Y 7 AT B ATl AFEE E=o S
& ok

A TS AL AT P22 S A
©o] FApzloler Ale] FwstE @A St
A718 53] 160°C ¢k 170°C Abelell Al @A 7 A}
ojE Mtk WA Aol wwsd FHe] Thde
= vEA e wAds #aAd AN
A, 2 AdelME Al ®He 2EE 160°C, F
Ho] g 100°C 2 AAsglth ey o dt
WS Hag Al dEre] ebAY We A
Aol AEd dde U+ JdoemE oY
g A 8 A71e] Al dig@ Frhdge] da
& Aol
=7

= dTe SgeddAde vxdTAd Tz
et whA] (BAME: D00309)e] A holl =3
AFH T

ok

FAMIIZEE| X/ 18 M8S, 2009H/623



624/

o

=
L.

ikl

sl

D. Hardt, B. Ganesan, W. Oi, M. Dirckx, A.
Rzepniewski, Jan. 2004, Process Control in Micro-
Embossing-A Review, Singapore MIT Alliance
Programme(SMA) in Innovation in Manufacturing
Systems and Technology(IMST).

C. G Choi, 2004, Fabrication of optical waveguides
in thermosetting polymers using hot embossing, J.
Micromech. Microeng., Vol. 14, pp. 945~949.

W. S. Kim, K. B. Yoon, B. S. Bae, 2005,
Nanopatterning of photonic crystals with a
photocurable silica—titania organic—inorganic hybrid
material by a UV-based nanoimprint technique, J.
Mater. Chem., Vol. 15, pp. 4535~4539.

K. Ishihara, M. Fujita, I. Matusubara, T. Asano, S.
Noda, 2006, Direct Fabrication of Photonic Crystal
on Glass Substrate by Nanoimprint Lithography,
Japanese Journal of Applied Physics, Vol. 45, No. 7,
pp- 210~212.

=AM II=3 85 X /M 183 H8Z, 20094

Ho

ox
o

(3]

B. Heidari, I. Maximov, L. Montelius, 2000,
Nanoimprint lithography at the 6 in. wafer scale, J.
Vac. Sci. Technol. B Vol. 18, No. 6, pp. 3557~3560.
N. S. Cameron, H. Roberge, T. Veres, S. C.
Jakeway, H. J. Crabtree, 2006, High fidelity, high
yield production of microfluidic devices by hot
embossing lithography: rheology and stiction, Lab
Chip, Vol. 6, No. 7, pp. 936~941.

L. J. Guo, 2004, Recent Progress in nanoimprint
technology and its application, J. Pzhys. D. 37, pp.
123~141.

H. C. Scheer , H. Schulz, 2001, A contribution to
the flow behaviour of thin polymer films during hot
embossing lithography, Microelectronic Eng., Vol.
56, pp. 311~332.

Yi-Je Juang, L. James Lee, Kurt W. Koelling, 2002,
Hot
Experimental, Polym. Eng. Sci., Vol. 42, No. 3, pp.
539~550.

Embossing in Microfabrication. Part 1:



