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Study of nano patterning rheology
in hot embossing process

H. Kim, K.S. Kim, HY. Kim and B.H. Kim

Abstract

The hot embossing process has been mentioned as one of major nanoreplication techniques. This is
due to its simple process, low cost, high replication fidelity and relatively high throughput. As the initial
step of quantitating the embossing process , simple parametric study about embossing time have been
carried out using high-resolution masters which patterned by the DRIE process and laser machining.
Under the various embossing time, the viscous flow of thin PMMA films into microcavities during
compression force has been investigated. Also, a study about simulating the viscous flow during
embossing process has planned and continuum scale FDM analysis was applied on this simulation. With
currently available test data and condition, simple FDM analysis using FLOW3D was made attempt to
match simulation and experiment.
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Fig. § Cross-sectional shape of flow channel

Fig. 6 Surface tension & contact angle tester

Table 1 Boundary condition

Item Detail
unit mm/g/sec
laminar
flow type incompressible
viscosity acqullégd_frz%%? test
width : 50um 50 nm
scale height © 200 gm 20 nm
embossing time 2 min
density constant uniform density
surface tension Acquired from test
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Fig. 7 quoted schematic representation showing filling of
a stamp cavity in micro scale(by PSI Schift et al.)
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Fig. 8 Simulation result showing filling processof a
stamp cavity with PSI Schift model
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1=3.959 t=6.988

t=7.925 1=9,922

Fig. 9 simulation result of hot embossing process using
50 gm width, 20 gm height,
190 C temperature, 110000 Pa - s viscosity coefficient

SRR

two cavity with 0.05 mm gap and
0.05mm distance from side wall

two cavity with 0.1 mm gap and
0.025mm distance from side wall
Fig. 10 simulation result by changing
the number of cavity and it's gap, distance.
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4 A9 ngde 3§ Alld 34 FARON B

5o} A2 P Belolsh 9A ANAE @
& ER1EHAh Fig. 1091 34 23S vehiich

BHTe o MBo| ME RE SN

249 PMMAS ERAET BE4E 483 A&
SA aske wel a4 Adsl wmagchay 2de
A8 Y ANEAT FUe Mm mpon:
Fig. 49 Stdd A8 292 A8ss Fig. 11
$4 Ang el 59 Feo] 445 we 2
do A% BT FAVA WA AYAL §F 4L
uQle] wel Erigeo] H8¥ mdel A% wue
A7 FARRT £ 580 YA AARE P
GEHRRIT. Fig. 49) A9 44 wuRe 494
%58 Hol mURdol 4 a4 PMMA F5ol
AW Are A%E dEsTh

o3

rowe Sy w

r

4. &2 E

£ A7 v FE54 s 271 47 @Az )

Zol BRHYY B 2AE B e 489 U
& S 2ARELL, AR FH B 7]

2 A9 dne daz 2AYY FEIRYS o83
o 4 At

- 375 -



2 71EY YA ez Zé;
87] flgte] FIAEUE ol g HiFE AEHA
FHYh 71E A|Y Aol vng 9o 0431
Fule] o FFe AHEGeH, e £F% 84
#&3}7) At 2AY(scale)? BAAASTE BAHsA
5 AAEAh Schiftefeold dF8 #H
B LErte 5 EAS AUI Ao .‘_ETAé_g_g
maam S0mel Sonm7kal AALe] W73
e SR T A 3T FF P
3}&’12111, A wste}l HAdo] Wzl we
2o Wste #EE £ Ul
g_\:qx}aio 1%%3}. _0[_9} 14%_—5}_1] XN _o’_
sl sjAg YA en AgAse vwatgnh
o ydo] AR B} A 580 FNHE 54
Ao e S4S BUAEE AHEY Y 2do
HoFglon YuHoz 3
5 Euges Ba, B9
& B3] YN FEHA

o oX
ol
ol
ol

fo

2 o of

lorﬁ‘_
e oox
w2 g alo

o2

&

do w

i
*‘oHo.LJ-{J
a&o}no‘mrﬂm

O

E2H9 Al F 7]
fs};l_ A= L}‘:.“ﬂ?}E.E—’_‘:‘,Z: 7l
At el ARFAQ "UdE 4 3H7€7Y A9
A FPde] dR2 AEZA FH7)FQ dAdEn
9} ETRI®) T80 7A=Y}

S L

re

(1) LPraux, JMGeorge, JFDespres, ClLeroy,
EFerain, RLegras, KOunadjela, A.Fert, 1934,

@)

3

@

®)

=

6

{7

~

8

- 376 -

"Glant magnetoresistance in magnetic multilayered
nanowires”, Applied Physics Letters, vol65,
issuel9, 2484-2486

Frank Gottschalch, Thomas Hoffmann,Clivia M.
Sotornayor Torres, Hubert Schulz, Hella-Christin
Scheer, 1999, "Polymer issues in nanoimprinting
technique”,  Solid-State vol.43,
1079-1083

Hongwei Li, Wilhelm T. S. Huck, 2002, "Polymers
in nanotechnology”, Current Opinion in Solid State
and Materials Science, vol.6, 3-8

Stephen Y. Chou, Peter R. Krauss, Preston J.
Renstrom, 1995, "Imprint of sub-25mnm vias and
trenches in polymers”, Applied Physics Letters,
vol.67, 3114

Colbun M, Johnson S., Stewart M., Damle S,
Bailey T., Choi B, Wedlake M., Michaelson T,
Sreenivasan S.V., Ekerdt ], Willson C.G., 1999,
"Step and flash A new
approach to high-resolution patterning”, Proc.
SPIE, vol.3676, 379

Yoshihiko Hirai, Masaki Fujiwara, Takahiro Okuno
and Yoshio Tanaka, 2001, "Study of the resist
deformation in nanoimprint lithography”, Journal of

Electronics,

imprint lithography:

Vacuum Science and Technology B, vol.19, issue,
2811-2815

H.Schift, RW.Jaszewski, CDavid and ] Gobrecht,
1999, "Nanostructuring of polymers and fabrication
of interdigitated electrodes by Hot Embossing
Lithography”, Microelectronic Engineering, vol.46,
121-124

L.J Heyderman, H Schift, C. David, J. Gobrecht,
T. Scheweizer, 2000, "Flow behavior of thin

polymer films used for hot embossing
lithography”, Microelectronic Engineering, vol.54,
220-245



